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PREFACE. 


Ik  the  Preface  to  the  First  Part  of  the  *  Metallurgy/  which  ap- 
peared at  the  end  of  1861,  it  was  announced  that  another  volume 
would  complete  the  Work ;  and  the  hope  was  expressed  that  it 
might  appear  in  18G2.  But  the  terms  of  the  announcement  have 
not  been  complied  with,  nor  has  the  hope  been  fulfilled;  and 
an  explanation  is,  therefore,  due  to  the  Public.  On  conferring 
with  many  persons  engaged  in  the  Smelting  of  Iron  and  in 
the  Manufacture  of  Iron  and  Steel,  the  Author  became  speedily 
convinced  that  such  a  treatise  as  he  had  originally  intended  to 
prepare  on  these  subjects  would  not  be  satisfactory ;  and  he  accord- 
ingly determined  to  proceed  on  a  much  more  comprehensive  plan 
than  he  had,  in  the  first  instance,  contemplated.  Such  a  fun- 
damental change  has  necessitated  great  additional  labour,  and  a 
proportionate  expenditure  of  time. 

It  may  probably  be  thought  that  the  Chemistry  of  Iron  has 
been  somewhat  capriciously  treated.  Thus,  while  the  sulphates  of 
iron  are  described  with  much  detail,  nothing  is  stated  concerning 
such  salts  as  the  chlorides.  The  fact  is,  that  certain  branches  of 
this  subject  have  been  considered  at  greater  length  than  is  needed 
with  reference  to  the  Metal lurgy  of  Iron  and  Steel ;  but  in  the 
Third  and  concluding  Part  of  this  Work  the  application  of  what 
may  here  seem  irrelevant  will  become  manifest 

The  results  of  original  investigations  will  be  found  scattered 
through  these  volumes.  It  has  been  objected  that  in  the  First 
Part  the  details  of  similar  investigations  therein  might  have 
been  conveniently  suppressed,  and  the  specific  results  alone  com- 
municated. On  the  other  hand,  many  persons  have  expressed 
their  approval  of  the  course  which  has  been  followed  with  regard 
to  original  inquiries;  and  after  mature  reflection,  it  has  been 
decided  not  to  deviate  from  that  course. 

The  chemistry  of  Iron,  notwithstanding  all  that  has  been  done 
of  late,  is  yet  very  imperfect ;  and  some  even  of  the  elementary 
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branches  of  tbo  subject  are  extremely  obscure.  The  so-calle»: 
compounds  of  iron  and  carbon,  for  example,  are  in  this  category. 
The  chemistry  of  Steel  is,  if  possible,  involved  in  still  greater 
obscurity.  Problems  of  the  highest  chemical  interest  in  con- 
nection  with  the  Metallurgy  of  Iron  and  Steel  await  solution. 
They  demand  for  their  successful  investigation  the  exercise  of  the 
highest  analytical  skill,  and  involve  considerations  worthy  even  of 
study  by  those  who  delight  in  transcendental  inquiries.  As  Reau- 
mur well  remarked,  "  Futile  bien  considere  a  toujours  du  curieux, 
et  il  est  rare  que  le  curieux  bien  suivi  ne  mene  pas  a  Futile." 

So  much  attention  has  in  recent  times  been  devoted  to  what 
is  usually  designated  Organic  Chemistry,  that  the  field  of  Inorganic 
Chemistry  has  been  comparatively  deserted,  though  promising  a 
rich  and  ripe  harvest.  In  the  course  of  these  volumes  special 
points  urgently  requiring  investigation  have  been  indicated. 

With  regard  to  cost  of  production  at  modern  Iron-works,  scarcely 
any  information  will  be  found  in  the  following  pages.  State- 
ments on  this  subject  which  have  not  been  derived  from  actual 
and  bond-fide  balance-sheets  are  not  trustworthy  ;  and  few  iron- 
masters would  be  willing  to  have  such  important  commercial 
details  disclosed.  Why  should  they?  The  Author  is  in  posses- 
sion of  facts  as  to  cost  which  have  been  communicated  to  him 
in  confidence,  and  which  ho  is  not  permitted  to  reveal.  Two 
French  metallurgists  have  recently  published  the  cost  of  produc- 
tion, etc.,  at  various  English  Iron-works.  They  must  either  have 
obtained  their  knowledge  from  authoritative  sources,  or  have 
arrived  inferentially  at  their  conclusions.  The  first  supposition 
is  not  very  probable,  and  figures  deduced  from  personal  inspection 
at  a  visit  cannot  inspire  us  with  confidence. 

The  Author  has  great  pleasure  in  acknowledging  the  valuable 
aid  which  he  has  received  from  the  Proprietors  and  Managers  of 
various  Iron-works  and  others,  particularly  Mr.  Darby,  Mr. 
Adams,  and  Mr.  Parry,  of  the  Ebbw  Vale  Iron-works ;  Mr.  Clark 
and  Mr.  Menelaus,  of  the  Dowlais  Iron-works;  Mr.  Levick,  of 
the  Blaina  and  Cwm  Celyn  Iron-works;  Mr.  Octavius  Williams, 
manager  of  the  Morfa  Tin-plate  Works,  Llanelly;  Mr.  John 
Kenyon  Black  well,  late  manager  of  the  Works  of  the  New  British 
Iron  Company;  Mr.  S.  H.  Blackwell,  of  Dudley;  Mr.  C.  Arkin- 
stall,  manager  of  the  Bromford  Iron-works,  West  Bromwieh ;  Mr. 
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Henry  Marten,  of  the  Parkfield  Iron-works,  Wolverhampton  ;  Mr. 
E.  F.  Sanderson,  of  Sheffield  ;  Messrs.  John  Brown  and  Com- 
pany, of  the  Atlas  Iron-works,  Sheffield,  and  especially  to  Mr. 
J.  D.  Ellis,  of  the  same  works ;  Mr.  George  Shaw,  of  Birmingham ; 
Professor  William  Pole,  of  London;  Mr.  Andreas  Grill  and  Mr. 
Sandberg,  of  Sweden ;  Dr.  Hermann  Wedding,  of  Berlin ;  Pro- 
fessors George  J.  Brush  and  J.  P.  Lesley,  of  the  United  States; 
as  well  as  his  former  pupils  Mr.  H.  F.  and  Mr.  W.  T.  Blanford, 
in  India,  Mr.  H.  Bauerman,  Mr.  W.  Weston,  and  Mr.  W.  B. 
Richardson.  The  special  services  which  these  gentlemen  have 
rendered  will  be  found  recorded  in  the  text. 

But  to  no  one  is  the  Author  more  indebted  than  his  colleague, 
Mr.  Richard  Smith,  not  only  for  his  experimental  and  analytical 
labours,  but  also  for  his  assistance  in  the  correction  of  the  press. 
Mr.  Smith  is  the  author  of  the  article  on  the  Assaying  of  Iron  Ores. 

The  labours  of  Mr.  R.  W.  Mallett,  the  draughtsman,  and  Mr. 
James  Cooper,  the  engraver,  of  the  illustrations  in  these  volumes 
should  not  be  passed  over  in  silence.  It  is  not  possible  that 
greater  earnestness  should  have  been  displayed  in  their  work,  or 
more  conscientiousness  in  their  efforts  to  attain  accuracy  of  delinea- 
tion. In  the  majority  of  instances  the  original  drawings  have  been 
presented  to  the  Author :  had  it  been  otherwise,  the  outlay  required 
for  the  illustrations,  already  very  considerable,  would  have  been 
largely  augmented,  and  the  price  of  these  volumes  greatly  enhanced. 
In  nearly  every  case  the  woodcuts  have  been  examined  by  the 
managers  of  the  works  to  which  they  refer,  and  the  descriptions 
of  the  processes  have  also  been  revised  on  the  spot  by  the  same 
experienced  authorities. 

Each  Part  of  this  Work  will  be,  as  far  as  practicable,  com- 
plete in  itself,  so  that  a  person  interested  in  a  special  branch  of 
Metallurgy  may  have  the  option  of  procuring  the  Part  devoted  to 
that  branch.  Yet  it  need  hardly  be  observed,  there  is  a  vinculum 
between  the  various  departments  of  the  Art  which  renders  it 
impossible  to  disconnect  them  perfectly  from  each  other. 

The  final  Part  will  include  the  subjects  of  Lead,  Silver,  Gold, 
etc.,  as  specified  in  the  Preface  to  the  First  Part. 

London,  February,  18b*4. 


Digitized  by  Google 


ERRATA. 


Pago   17,  first  line,  for  with  read  into. 

„    104,  lino  11  from  foot,  for  indelibel  read  indelible. 
„    1 12,  line  21  from  top,  for  axes  read  ease. 
„    137,  line  9  from  foot,  for  before  rtad  to  be  subsequently. 
„    140,  line  8  from  foot,  for  on  read  in. 

„    158,  Table,  column  6,  for  commas  mb$titute  decimal  points. 

„    203,  line  2  from  foot,  for  iron  read  baryta. 

„    379,  line  13  from  foot,  for  with  us  read  as  with  us. 

„    448,  line  17  from  top,  for  Rodlenbacher  read  liedtenbachcr. 

„    493,  lino  7  from  foot, /or  Dale  read  Vale. 

„    523,  line  23  from  top,  for  on  read  or. 

„    552,  line  24  from  top,  for  Cumberland  read  Lancashire. 

„  G72.  Tho  sentence  at  the  bottom  of  tho  pnge,  "  After  the  descriptions,"  etc., 
should  come  under  the  heading  "Application  of  Waste  Blast-furnace 
Gas  to  Puddling,"  p.  673. 

In  one  of  the  Lithographs  of  the  American  Anthracite  Furnace,  the  black  lines  have 
been  put  on  the  wrong  side. 

Fig.  54,  in  the  gas  opening  m,  the  black  lines  should  boon  the  opposite  sides. 
„  111,  in  the  oval  opening  in  the  easting  of  the  right  half  of  the  figure,  the  black 
line  should  be  on  the  opposite  sides. 
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METALLURGY. 


IRON. 

PHYSICAL  PROPERTIES. 

Pore  iron  in  a  compact  state  has  been  very  imperfectly  investigated. 
Certain  varieties  cf  wrought-iron  approach  most  nearly  to  the  pure 
metal;  but  they  are  all  in  a  sensible  degree  impure.    Whenever  the 
term  iron  is  used  without  qualification,  it  is  to  be  understood  only  to 
refer  either  to  pure  iron  or  to  wrought-iron.    In  a  pulverulent  form,  as 
obtained  by  heating  sesquioxide  of  iron  in  hydrogen  at  a  comparatively 
low  temperature,  it  is  dull  grey,  but  immediately  acquires  a  metallic 
lustre  under  the  burnisher.    According  to  Peligot,  protochloride  of 
iron  is  easily  reduced  when  heated  in  hydrogen,  and  the  metal  thus 
procured  is  filamentous,  compact,  malleable,  and  almost  as  white  as 
silver.1   Berzelius  recommends  the  following  process  for  the  prepara- 
tion of  perfectly  pure  iron  from  the  wrought-iron  of  commerce  : — Iron 
filings,  in  admixture  with  i  of  their  weight  of  sesquioxide  of  iron,  are 
to  be  heated  under  pounded  glass  free  from  metallic  impurities,  in  a 
covered  and  luted  Hessian  crucible,  during  an  hour,  in  a  smith's  fire, 
with  coke  as  the  fuel.    Thus  made,  iron  is  described  as  approximating 
in  whiteness  to  silver,  as  extremely  tenacious,  softer  than  ordinary  bar- 
iron,  and  in  fracture  scaly,  conchoidal,  and  occasionally  crystalline.1 
I  have  tried  this  process,  and  obtained  somewhat  different  results. 
Wy  fine  wire  was  cut  into  small  pieces  and  treated  in  the  manner 
above  described,  under  plate-glass.    A  well-melted  button  was  found 
at  the  bottom  of  the  crucible.    It  was  nicked  across  tho  middle,  and 
then  broken.    The  fracture  was  largely  crystalline,  and  greyish-white 
in  colour;  the  metal  was  comparatively  soft  and  malleable;  a  portion 
of  it  was  first  hammered,  and  then  rolled  out  cold  into  thin  strip; 
out  the  edges  were  jagged :  the  specific  gravity  beforo  rolling  was 
7*8707,  and  afterwards  7*8('5 ;  this  iron  was  certainly  not  pure,  as  it 
dissolved  easily  in  hydrochloric,  or  dilute  sulphuric  ticid,  with  tho 
evolution  of  fetid  hydrogen.    Broling  had  previously  obtained  similar 
results  with  respect  to  specific  gravity :  thus,  he  found  that  of  melted 
bar-iron  to  be  7-8439,  whereas  in  the  same  iron  in  very  thin  sheet  it 
was  reduced  to  7*6,  and  to  7-75,  in  square  wire  a  little  less  than 
2**  (008  in.)  in  diameter."    Berzelius  remarks,  "that  it  might  seem 
that  these  anomalies  proceeded  from  repulsion  between  the  surface 


1  Kapp.  Ann.  Par  Bcrzelina.  Trad.  I  2  Boraeliun,  Tr.  2,  p.  655. 
par  Plantamour.  5*—annce.  1845,  p.  70.  |     3  Ibid.  p.  696. 
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of  the  iron  and  water,  as  the  specific  gravity  decreased  in  proportion 
to  the  extension  of  the  surface  of  the  metal.  The  surface,  however, 
had  been  freed  by  means  of  caustic  potash  from  all  foreign  matters 
which  might  prevent  adhesion  between  the  metal  and  water."  Hence 
ho  refers  the  phenomenon  to  the  mechanical  treatment  of  the  metal 
after  fusion.  The  specific  gravity  of  copper,  it  will  be  remembered, 
is  also  changed  in  a  similar  manner  by  such  treatment.  The  only 
pure  iron  in  a  compact  state  which  I  have  seen  is  that  deposited 
from  solution  by  electrolysis.  I  received  from  the  late  Mr.  Henry 
Hradbury  thin  laminae  of  iron,  which  he  obtained  in  the  process 
termed  acie'rmje,  or  that  of  protecting  engraved  copper-plates  with  a 
coating  of  electro-deposited  iron,  in  order  to  enable  them  better  to 
resist  the  wear  of  the  printing-press.  The  solution  employed  con- 
tained protochloridc  of  iron  and  chloride  of  ammonium.4  The  metal 
is  thrown  down  as  a  thin,  bright,  and  firmly-adherent  layer ;  and,  with 
proper  treatment,  its  deposition  may  bo  so  exactly  limited  to  the  surface 
of  the  copper,  without  affecting  the  engraved  lines,  that  an  impression 
of  a  plate  after  acierage  cannot  be  distinguished  from  another  previously 
obtained  from  the  same  plate.  The  bright  polish  of  the  deposited 
iron  is  remarkable ;  and  hitherto  it  has  not  been  found  possible  to 
increase  the  thickness  of  the  coating  beyond  a  mere  film  and  retain 
this  polish.  A  solution  of  iron  containing  cyanide  of  potassium  is 
employed  in  the  process.  I  have  made  numerous  experiments  upon 
this  iron,  which  will  be  duly  recorded  hereafter.  It  is  scarcely  acted 
upon  at  the  ordinary  temperature,  either  by  hydrochloric  or  sulphuric 
acid;  but,  on  the  application  of  gentle  heat,  it  dissolves  with  the 
evolution  of  hydrogen,  which  is  perfectly  free  from  the  least  trace  of 
the  j>eculiar  fetid  odour  of  the  gas  produced  from  every  kind  of 
wrought-iron.  Harruel  states  that  he  has  kept  electro-deposited  iron 
during  many  years  in  a  cupboard,  in  which  acid  vapours  were  con- 
stantly present,  and  yet  it  presented  not  the  faintest  trace  of  rust.* 
According  to  my  experience,  such  iron  rapidly  rusts  when  exposed  to 
the  joint  action  of  air  and  moisture.  Mr.  Matthiessen  informs  me 
he  has  reason  to  infer  that  electro-deposited  iron  possesses  much 
higher  electric  conductivity  than  any  specimen  of  commercial  iron 
which  he  has  examined.  It  is  susceptible  of  a  high  polish,  and  the 
colour  of  the  bright  surface,  to  my  eye,  is  greyish-white.  Its  specific 
gravity  is  8*1393.  As  the  specimens  in  my  possession  were  small  and 
extremely  thin,  very  great  caro  was  required  in  determining  the 
specific  gravity.  Six  determinations  were  made  by  Mr.  Smith  with 
different  pieces,  and  that  given  above  is  the  most  trustworthy.  In  the 
other  five  results  the  extremes  were  7*0405  and  8*107.  The  piece 
which  gave  the  number  8*1303  was  l£  in.  long  and  £  in.  wide.  In  air  it- 
weighed  6*772  grains,  and  in  water  5-040.  It  was  boiled  in  water 
during  1  >  hour,  left  to  cool  therein,  and  weighed  exactly  at  15*5°  C. 


*  Vide  Specification,  a.i>.  1858,  No.  G<J7. 
In  the  name  of  E.  A.  Jacquin,  being  a  com- 
munication from  M.  Marnier  of  Paris. 


5  Traite  do  Chimie  Technique,  etc. 
Paris.    1857,  W.  y.  21. 
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or  60°  F.  Its  malleability  is  not  affected  by  rapid  cooling  after 
exposure  to  a  high  temperature,  Strips  of  this  electro-deposited  iron 
were  plunged,  while  red-hot,  into  mercury,  without  becoming  in 
the  slightest  degree  hardened  or  less  easily  flexible  ;  but  I  do  not 
remember  to  have  seen  any  specimen  of  commercial  iron,  even  in  the 
thinnest  sheet,  that  was  not  rendered  sensibly  harder  and  more  rigid 
by  this  treatment. 

The  iron  is  deposited  from  a  solution  of  a  salt  of  protoxide,  such  as 
protoehloride  or  sulphate  ;  and  the  presence  of  chloride  of  ammonium 
is  stated  to  be  essential  to  produce  a  smooth,  polished,  steel-like 
surface.  With  a  very  strong  current,  or  a  very  small  pole,  much 
hydrogen  escapes,  and  the  precipitated  metal,  when  of  a  certain 
thickness,  appears  porous  and  spongy.  If  this  is  washed  and  dried 
over  caustic  potash,  it  smells  strongly  of  ammonia,  and  continues  to  do 
so  for  a  long  time ;  by  heating  to  redness,  the  odour  of  ammonia 
becomes  stronger,  and  then  ceases ;  by  boiling  the  powdered  precipi- 
tate in  water,  hydrogen  is  copiously  evolved.  Meidinger  is  of  opinion 
that  the  precipitated  iron  is  combined  with  a  very  small  quantity  of 
nitrogen,  producing  a  steel-like  alloy ;  and  in  the  analysis  of  a  speci- 
men smelling  strongly  of  ammonia  he  found  at  the  most  l*6°/0  of 
ammonium.  Kramer  announces  that  in  a  similar  precipitate  he  found 
H9°/0  of  nitrogen,  and  that  iron  thus  electro-deposited  resembles  in 
its  physical  characters  iron-wire  which  has  been  exposed  at  a  red-heat 
to  a  current  of  ammonia."  These  statements  may  bo  correct,  but  they 
need  confirmation. 

CnjstaUine  system. — Iron  crystallizes  in  the  cubical  system.    W  ohlor 
has  described  artificially-formed  cubes  and  octahedrons  of  iron.  'The 
former  were  readily  obtained  on  breaking  cast-iron  plates,  which  had 
been  long  exposed  to  a  white-heat  in  the  brick-work  of  an  iron-smelting 
furnace ;  and  the  latter  were  found  lining  cavities  in  a  large  unsound 
cast-iron  roll.7    Augustin  observed  distinct  cubes  on  the  fractured 
surface  of  gun-barrels  which  had  been  long  in  use."    I  have  largo  and 
pretty  distinctly  formed  solid  as  well  as  skeleton  octahedrons  in  cast- 
iron.   I  am  indebted  to  Mr.  Faraday  for  a  small  piece  of  nearly  round 
rolled  bar-iron  which  had  been  exposed  for  a  considerable  time  in  a 
pot  of  melted  glass,  and  which  is  highly  crystalline,  presenting  even 
on  its  surface  large,  prominent,  and  distinct  markings,  apparently  of 
skeleton  octahedra.    I  am  also  indebted  to  Mr.  Sop  with  for  another 
piece  of  flat  bar-iron,  which  had  long  remained  in  a  pot  of  melted  glass. 
The  fracture  is  highly  crystalline  and  bright.    There  is  a  distinct  line 
or  fissure  extending  longitudinally  across  the  fracture,  but  not  quite  in 
the  centre.   The  cleavage  planes  are  arranged  perpendicularly  to  the 
asternal  surface.    The  external  surface  of  tho  bar  is  for  the  most  part 
coated  with  black  scale ;  and  where  it  is  not  so  coated,  the  metal  is 
bright  and  approximating  to  silver  in  whiteness ;  superficially  it  is  not 
in  the  least  crystalline  like  the  former  specimen,  though  covered  with 


*  I*  n.  K.  Jahresb.  1861,  pp.  304.  I     7  BeneUua,  Jahrenb.  13.  p.  116. 

Is  L.  ii.  K.  Jahresb.  1847.  p.  281 . 
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fine  hexagonal  markings,  suggesting  a  columnar  structure  I  have 
seen  specimens  of  iron  produced  by  Mr.  Bessemer's  process,  which  are 
intensely  crystalline  in  fracture.  Professor  Miller,  of  Cambridge, 
informs  me  that  ho  has  found  the  Bessemer  iron  to  consist  of  an  aggre- 
gation of  small  cubes.  44  The  crystals,"  he  remarks,  "  are  very 
imperfect,  as  might  be  expected,  in  consequence  of  their  not  having 
room  to  dovelopo  their  faces ;  yet  I  think  there  can  be  no  doubt  of 
their  form,  some  of  them  being  measurable  and  giving  angles  of 
approximately  90°.  The  system  to  which  they  belong  is,  of  course, 
the  cubic."  I  have  reason  to  believe  that  the  crystals  examined  by 
Professor  Miller  were  quite  free  from  carbon.  It  may,  however,  be 
objected  that  the  preceding  observations  relate  only  to  impure  iron ; 
but,  in  reply,  it  may  be  stated  that  the  proportion  of  foreign  matter  in 
comparison  with  the  iron  was  very  small,  and  that  there  is  not,  I 
"believe,  any  instance  known  of  an  alteration  in  the  crystalline  system 
of  a  metal  due  to  the  presence  of  a  comparatively  small  amount  of 
foreign  matter. 

Poumarede  states  that  protochloride  of  iron,  with  the  aid  of  carbon, 
is  reduced  by  the  vapour  of  zinc,  and  that  the  iron  set  free  is  in  a  den- 
dritic form,  frequently  in  hollow  tetrahedrons,  of  the  specific  gravity 
7-84.» 

Fuchs  has  put  forth  the  notion  that  iron  is  dimorphous,  crystallizing 
in  the  cubical  and  rhombohedral  systems ;  but  the  arguments  by 
which  ho  supports  this  view  are  unsatisfactory.  He  considers  it 
proved  that  malleable  iron  belongs  to  the  cubical  system.  On  this 
point  there  can  be  little  doubt,  though  Fuchs  cannot  infer  it  analogi- 
cally from  the  fact,  that  44  all  other  malleable  metals  possess  crystalline 
forms  belonging  to  this  system."  Now,  zinc  must  surely  be  regarded 
as  a  malleable  metal,  and  it  is  rhombohedral.  On  the  other  hand,  the 
metallic  compound  of  titanium  formed  on  the  hearths  of  iron  smelting 
furnaces  is  brittle,  yet  cubical.  Cast-iron  is  supposed  by  Fuchs  to 
belong  to  the  rhombohedral  system,  and  steel  to  consist  of  an  alloy 
of  cubical  and  rhombohedral  crystals,  of  which  the  proportions  vary 
according  to  the  44  temper,"  the  rhombohedral  crystals  preponderating 
in  hardened  steel,  and  the  cubical  crystals  increasing  in  the  ratio  of 
the  softness  of  the  metal.  44  The  two  kinds  of  iron  in  steel  may  be 
regarded  as  in  a  state  of  constant  mutual  tension,  which  ma}'  perhaps 
be  the  reason  why  steel  retains  permanently  communicated  magnetism, 
while  malleable  iron  does  not."  1 

Magnetism.— -Iron  is  strongly  attracted  by  tho  magnet,  but  when  pure 
it  speedily  loses  any  magnetic  power  which  it  may  have  acquired  by 
induction.  Matteucci  found  that  a  drop  of  iron  melted  by  the  oxy- 
hydrogen  blow-pipo  was  still  taken  up  by  an  electro -magnet* 

Tenacity. — I  am  not  aware  whether  the  tenacity  of  pure  iron  has  l>een 
determined.  Tho  iron  of  commerce  varies  considerably  in  tenacity, 
according  to  the  nature  and  amount  of  foreign  matters  in  it,  its  internal 


»  L.  u.  K.  Jahresb.  1847.  p.  281.  I     2  L.  u.  K.  Jnhwab.  1853.  p.  255. 

1  Chemical  Gazette,  185a,  11.  p.  04. 
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structure,  the  diameter  of  the  pieces  operated  on,  the  temperature,  etc. 
TensHe  strength  is  the  expression  usually  employed  hy  engineers  to 
designate  tenacity  ;  and,  for  the  sake  of  comparison,  it  is  always  com- 
puted for  one  square  inch  of  transverse  sectional  area.    This  subject  is 
of  the  highest  practical  importance  with  reference  to  the  art  of  con- 
struction ;  hut  the  discussion  of  it  will  be  moro  appropriate  at  the  end 
of  the  volume  than  in  this  place,  after  we  shall  have  passed  in  review  the 
different  processes  of  manufacturing  iron  and  considered  the  foreign 
ingredients  which  occur  in  different  kinds  of  commercial  iron.  Accord- 
ing to  Dufour  the  tenacity  of  iron  is  increased  by  the  passage  through 
it  of  an  electric  current.    Thus  an  iron*  wire  0*  009248  in  diameter 
which  sustained  only  2545  kil.  held  2898  kil.  after  the  action  of  a 
current  of  a  Bunsen  cell  during  463  hours." 

Sftecijic  heat. — According  to  Kegnault  it  is  0-113795.*  This  determi- 
nation was  made  with  iron  wire  0™  003  in  diameter,  which  was  ex- 
tremely soft  and  yielded  no  sensible  residue  when  dissolved  in  hydro- 
chloric acid.  The  same  wire  heated  to  whiteness,  plunged  into  water, 
and  afterwards  cleaned  with  hydrochloric  acid,  was  also  operated  on 
and  with  substantially  the  same  numerical  result  In  five  determi- 
nations the  extremes  were  0*11284  and  01 1398. 
Dilatation  ly  lieal  * — 

Nature  of  Iron.  Name  of  observer.  Coefficient. 

Soft  iron  forged   LavoUier  aud  Laplace   0- 000012204 

Iron  dm wn  round   ,,    0-000012350 

Iron   Smeaton   0*000012583 

Molted  wrought  iron...    Roy   0  000011100 

X>ruir/riron  wire   Troughton    0  000014401 

  Kopp    0- 000037* 

Action  of  heat.     Welding. —  Iron  requires  a  very  high  temperature  for 
its  fusion.    Its  melting  point  has  not  yet  been  determined  with  cer- 
tainty, but  has  been  estimated  at  1550°  C.  by  Pouillet,  which,  however, 
is  questionable.    We  have  no  difficulty  in  fusing  it  porfoetly  in  our 
assay-furnaces  in  which  platinum  remains  infusible.    Iron  has  one 
remarkable  and  very  important  property,  namely,  that  of  continuing 
soft  and  more  or  less  pasty  through  a  considerable  range  of  teinjHira- 
ture  below  its  melting  point.    It  is  sufficiently  soft  at  a  bright  red-heat 
to  admit  of  being  forged  with  facility,  as  every  one  knows ;  and,  at 
about  a  white-heat,  it  is  so  pasty  that  when  two  pieces  at  this  tempe- 
rature are  pressed  together  they  unite  intimately  and  firmly.    This  is 
what  occurs  in  the  common  process  of  icelding.    Generally  metals  seem 
to  pass  qakldy  from  the  solid  to  the  liquid  state,  and  so  far  from  being 
past}'  and  cohesive  at  the  temperature  of  incipient  fusion,  they  are 
extremely  brittle  and  in  some  cases  easily  pulverizable.    But,  admit- 
ting that  there  is  a  particular  temperature  at  which  a  metal  becomes 
pasty,  it«  range  is  so  limited  in  the  case  of  the  common  metals,  that  it 
would  scarcely  be  possible  to  hit  upon  it  with  any  certainty  in  practice ; 


'  L.  u.  K.  Jahresb.  1855,  p.  Go. 
4  Ann.  de  Chim.  et  do  Phya.  1840, 
73.  p.  37. 


&  Jamin,  Coure  de  Physique,  1859.  2, 
pp.  374-382. 
•  L.  u.  K.  Jahreah.  1851,  p.  55. 
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or,  if  it  were  possible,  its  duration  would  be  too  short  for  the  per- 
formance of  tho  necessary  manipulations  in  welding.  Besides,  there 
is  another  condition  which  might  interfere  with  the  process.  In  order 
that  union  should  take  place  between  two  contiguous  surfaces  of  a 
metal,  it  is  obviously  essential  that  they  should  not  be  covered  with 
any  infusible  matter,  such  as  scale  due  to  oxidation.  In  heating  iron 
to  the  welding  temperature,  a  scale  is  formed,  which  may  be  imme- 
diately converted  into  very  fusible  and  liquid  silicate  of  protoxide  by 
throwing  a  little  sand  over  it,  when  welding  may  be  effected,  the 
silicate  being  squeezed  out  during  the  operation  and  clean  metallic 
surfaces  brought  together.  Every  blacksmith  resorts  to  this  simple 
expedient  of  using  sand  as  a  flux.  But  in  tho  case  of  some  of  the 
common  metals,  it  would  not  bo  very  easy,  or  indeed  practicable,  to 
find  a  suitable  flux  and  to  insure  this  condition. 

It  is  maintained  that  iron  completely  free  from  carbon,  or  nearly  so, 
can  hardly  be  welded,  or  not  without  great  difficulty,  and  then  only 
imperfectly.7  Tho  so-called  u  burnt  iron,"  with  which  every  one  prac- 
tically acquainted  with  forging  is  familiar,  is  adduced  in  illustration. 
While  wo  reserve  for  future  consideration  the  nature  of  this  well- 
known  variety  of  iron,  let  us  admit,  for  the  sake  of  argument,  that  its 
alleged  peculiarity  in  this  respect  depends  upon  the  cause  assigned, 
and  inquire  how  far  this  cause  is  compatible  with  tho  theory  which 
has  been  advanced  in  reference  to  the  unwoldableness  of  such  irom 
According  to  this  theory,  if  1  understand  it  correctly  as  propounded 
by  Scheerer,  tho  carbon  acts  by  instantly  reducing  any  thin  layer  or 
skin  of  unmelted  oxide  of  iron  which  may  exist  on  the  surface  of 
contact  of  two  pieces  of  iron  brought  together  at  a  white-heat,  and 
which  if  persistent  would  obviously  tend  to  prevent  their  welding 
with  each  other.  Now,  any  one  who  has  attentively  watched  the 
operation  of  welding  will,  I  think,  find  it  difficult  to  accept  this  expla- 
nation. The  two  pieces  of  iron  at  the  moment  of  contact  are  invariably 
coated  with  a  comparatively  thick  layer  of  scale,  though  they  may 
have  been  heated  in  the  midst  of  incandescent  carbonaceous  matter 
and  brought  very  quickly  together.  A  pieco  of  iron  at  a  welding 
heat  cannot  be  exposed  to  the  atmosphere  for  an  instant  without 
acquiring  such  a  coat ;  so  that  supposing  it  to  have  a  clean  metallic 
surface  while  in  the  fire,  thero  would  be  ample  time  for  superficial 
oxidation  during  its  removal  to  the  anvil.  Tho  scalo  upon  iron  at  a 
welding  heat  is  either  liquid  or  solid.  If  liquid,  we  know  that  weld- 
ing may  bo  effected  with  tho  extrusion  of  tho  melted  scalo,  and  there 
is  no  necessity  for  tho  alleged  reducing  action  of  carbon  in  tho  iron ; 
but  if  tho  scalo  be  not  liquid,  we  know  that  welding  cannot  bo 
effected,  though  carbon  may  be  present  in  the  iron. 

The  so-called  44  burnt  iron"  is  largely  crystalline  for  reasons  which 
will  be  stated  in  tho  sequel,  and  cannot  bo  forged  without  special  pre- 
cautions. It  is  not  proved  that  this  depends  on  the  absence  of  carbon, 
and  it  may  bo  due  to  peculiarity  of  internal  structure.    Indeed  "  burnt 


7  Scheerer,  Lelirb.  d.  Metull.  1.  p.  553. 
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iron,"  which  presents  on  fracture  a  flaky  crystalline  appearance,  similar 
to  that  of  some  hinds  of  galena,  may  with  proper  care  be  hammered 
into  a  bar  which  shall  exhibit  a  thoroughly  fibrous  fracture.    But  such 
iron  cannot  be  forged  under  precisely  the  same  conditions  as  common 
tar  iron,  and  what  cannot  be  forged  cannot  be  soundly  welded ;  but 
an  ordinary  smith  would  pronounce  iron  which  needs  unusual  precau- 
tions under  the  hammer  to  be  unforgeable  and  unweldable.  Hence, 
the  non-capability  of  welding,  which  is  due  to  peculiarity  of  internal 
structure,  may  have  been  erroneously  attributed  to  deficiency  or  entire 
absence  of  carbon. 

The  following  experiments  by  Mr.  Riley,  at  the  Dowlais  Iron-works, 
will  show  that  largely  crystalline  iron  may  be  welded.    Tho  kind  of 
sheet  iron  known  as  14  black  plate "  from  tin-plate-works  was  cut  in 
pieces  £  in.  square,  and  melted  in  a  crucible  under  slag  produced  in 
assaying  iron  ore.    A  well  melted,  smooth,  even  button  of  iron,  weigh- 
ing 1638  grains,  was  obtained  under  a  layer  of  dark  green  cinder.  On 
attempting  to  cut  the  button  with  a  44  cold  "  chisel,  the  former  broke 
with  a  very  crystalline  fracture  in  the  direction  of  the  cleavage  planes 
of  the  crystals.    Half  of  tho  button  was  worked  out  by  a  smith  into  a 
bar  J  in.  square.    The  iron  was  very  soft,  and  had  a  fine  face  and  sharp 
even  edges  like  steel ;  two  pieces  were  welded  together:  whilst  at  a 
welding  heat  the  iron  worked  very  well ;  on  cooling  to  a  red  heat  it 
became  cracky  and  broke  ;  the  fracture  of  the  iron  not  exposed  to  a 
welding  heat  was  very  silky,  and  it  was  readily  bent  double  without 
cracking,  the  smith  stating  it  was  some  of  the  toughest  inm  he  had 
ever  worked.     Other  experiments  of  a  similar  kind  woro  made  by 
Mr.  Riley,  who  deduced  from  them  the  conclusion  :  44  The  property  of 
becoming  useless  after  exposure  to  a  welding  heat  appears  from  tho 
above  experiments  to  be  a  special  character  of  fused  wrought  iron. 
The  experiments  have  not  been  carried  far  enough  to  lead  to  any 
explanation  of  this  :  it  may  probably  be  due  to  the  absence  of  a  small 
quantity  of  carbon  usually  present  in  wrought  iron.    In  Bcssemer's 
iron  [Mr.  Riley  believes],  thero  is  no  carbon,  yet  it  certainly  welds, 
though  not  very  well." 

At  present  we  know  nothing  of  tho  working  qualities  of  absolutely 
pure  iron,  and  there  is  certainly  no  evidence  to  prove  that  it  will  not 
weld.  On  the  contrary,  both  a  prv/ri  reasoning  and  tho  facts  advanced 
seem  to  justify  tho  opposite  conclusion.  It  may  be  that  tho  presenco 
of  a  very  minute  proportion  of  carbon  greatly  improves  tho  working 
qualities  of  iron  ;  and  we  have  seen  how  strikingly  the  malleability  of 
copper  is  affected  by  the  presenco  of  very  small  quantities  of  certain 
kinds  of  foreign  matter.  If,  however,  it  should  hereafter  be  clearly 
demonstrated  that  the  welding  quality  of  iron  is  promoted  by  the 
presence  of  a  little  carbon,  the  mode  of  action  which  Schcerer 
ascribes  to  this  element  in  the  oporation  cannot  bo  accepted  without 
adequate  proof. 

It  should  be  here  stated  that  platinum,  which  is  considered  a  weld- 
able  metal,  and  is  usually  classed  with  iron  in  that  respect,  seems 
to  pass  very  rapidly  from  tho  solid  to  tho  liquid  state ;  and  in  tho 
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operation  of  melting  of  several  hundred  ounces  of  platinum  by  oxygen 
and  coal-gas  at  Messrs.  Johnson  and  Matthey's,  which  1  had  the  pleasure 
of  witnessing,  I  was  struck  with  the  great  liquidity  of  the  metal  instantly 
after  fusion.  Copper  in  a  fine  state  of  division,  as  when  precipitated, 
will  cohere  and  form  a  solid  mass  under  great  pressure ;  and  copper  medals 
have  been  struck  by  Ozann  on  this  principle.  Gold  and  silver  in  the 
state  of  fine  powder  may  be  converted  into  a  compact  metallic  mass  in 
the  same  way.  The  powder  of  silver  produced  by  decomposing  chlo- 
ride of  silver  with  zinc,  etc.,  is  gently  heated,  then  compressed,  ham- 
mered, and  reheated  alternately,  the  temperature  always  being  sensibly 
below  the  melting  point  of  silver.  Fournet  obtained  bars  by  this 
means  which  might  be  wrought  like  bars  resulting  froin  fusion.  He 
also  made  damaskeened  bars  by  using  gold  and  silver  powder  in  alter- 
nate layers.  Fournet  regards  this  as  true  welding,  ue.  union  at  a  tem- 
perature below  fusion ;  and  he  considers  that  the  firm  union  effected 
between  two  freshly  cut  surfaces  of  lead  by  simply  pressing  them 
together  is  welding."  It  may,  indeed,  bo  only  a  question  of  degree, 
and  the  conversion  of  a  metallic  powder  like  spongy  platinum  in  the 
usual  manner  by  frequent  compression  and  subsequent  heating  below 
the  melting  point  into  a  compact  metallic  mass  should  be  regarded  as 
analogous  to  the  welding  of  iron. 

Iron  may  be  volatilized  at  extremely  high  temperatures,  such  as 
may  be  attained  by  voltaic  electricity  and  the  combustion  of  the  metal 
in  oxygen. 

Crystalline  and  Fibrous  Iron. 

0 

After  fusion,  iron  is  highly  crystalline ;  and  even  a  small  button, 
weighing  only  an  ounce  or  two,  may  present  on  fracture  large  bright 
cleavage  planes,  and  its  surface  will  always  exhibit  distinct  crystalline 
markings  when  slowly  acted  upon  by  dilute  hydrochloric  or  sulphuric 
acids.  This  etching  action  is  not,  as  some  might  suppose,  duo  to  the 
interposition  of  foreign  matter  symmetrically  diffused  through  the 
mass.  Many  examples  of  the  apparent  development  of  structure  by 
the  action  of  solvents  might  be  mentioned.  The  crystalline  structure 
in  all  such  cases  pro-exists,  and  is  merely  rendered  manifest  by  this 
etching  process.  Different  faces  of  the  same  crystal  are  found  to  be 
attacked  in  different  degrees  by  the  same  solvent;  and  Professor  H. 
Rose  informed  me  long  ago  that  an  excellent  illustration  of  this  fact 
was  presented  by  a  crystal  of  quartz  when  exposed  to  hydrofluoric 
acid.  Similar  faces  were  acted  upon  with  equal  intensity.  But  what 
is  true  of  quartz,  which  is  rhombohedral,  would  not  necessarily  bo 
true  of  iron,  which  is  cubical,  unless  the  crystals  of  the  latter  pre- 
sented original  and  derived  faces,  as  in  the  cubo-octahedron.  The 
crystallization  of  iron  has  excited  much  attention,  especially  amongst 
engineers ;  and,  although  much  has  been  talked  and  written  about  it, 
yet  no  small  confusion  respecting  it  still  prevails.    However,  a  careful 


»  Sur  la  eoudabilite"  de*  metaux  et  sur  I  Fournet.  Ann.  do  Cbim.  et  do  Phys.  1840, 
le  domassc  d'or  et  dargent.     Par  M.  |  74.  p.  435. 
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examination  of  the  subject  will  tend  to  remove  this  obscurity.  Bar- 
iron  acquires  a  largely  crystalline  structure  by  long  exposure  to  a 
temperature  which,  though  high,  is  yet  very  far  below  the  melting 
point  of  the  metal.  On  the  application  of  a  certain  amount  of  heat,  the 
particles  have  sufficient  freedom  of  motion  to  arrange  themselves  in 
crystals.  We  have  previously  had  a  striking  illustration  of  this  fact 
in  the  annealing  of  sheet-zinc  at  a  temperature  bordering  on,  yet 
sensibly  below,  its  melting  point.9  Hence  we  can  readily  understand 
why  iron  which  has  been  frequently  and  strongly  heated,  or  iron 
which  has  been  forged  into  large  masses,  and  which  must  necessarily 
have  been  subjected  during  a  considerable  time  to  a  high  temperature, 
should  tend  to  become  largely  crystalline  in  structure.  The  operation 
of  hammering  iron  while  strongly  heated  and  during  cooling  to  a 
certain  degree  will  obviously  interfere  with  the  action  of  the  forces 
which  determine  crystalline  arrangement,  and  may,  consequently,  be 
expected  to  diminish  the  size  of  the  crystals.  But  in  the  case  of  large 
masses,  it  will  be  difficult  to  affect  the  metal  far  below  the  surface, 
unless  a  very  heavy  hammer  is  employed  and  very  powerful  blows  are 
applied ;  and  even  then  it  is  hardly  possible  to  conceive  that 
uniformity  in  the  size  of  the  crystals  should  be  produced  through  the 
mass.  For,  when  the  exterior  may  be  cooled  down  to  redness,  the 
interior  must  still  be  at  a  much  higher  temperature,  it  may  be  white 
hot ;  so  that  on  subsequent  cooling,  after  the  cessation  of  the  blows, 
the  particles  in  one  part  of  the  mass  will  be  in  a  condition  to  assume 
a  more  largely  crystalline  structure  than  those  in  another  part.  It  is 
this  which  constitutes  the  difficulty  in  large  forgings ;  and  it  cannot 
be  overcome  by  continuing  the  hammering  until  the  metal  in  the 
interior  is  sufficiently  reduced  in  temperature  to  prevent  the  formation 
of  large  crystals  in  that  part ;  for,  if  the  metal  on  the  exterior  were 
hammered  at  too  low  a  temperature,  as  would  certainly  bo  the  case  in 
the  condition  supposed,  it  would  become  brittle  and  tender.  It  must 
be  borne  in  mind  that  these  remarks  relate  to  iron,  and  not  to  steel  or 
iron  containing  any  sensible  proportion  of  carbon.  With  reference  to 
the  size  of  the  crystals,  it  should  here  be  stated  that  the  presence  of 
phosphorus  favours  the  formation  of  large  crystals ;  and  this  element 
occurs  in  most  commercial  varieties  of  British  iron.  The  rapid  cooling 
of  large  forgings  by  immersion  in  water  might  be  expected  to  render 
the  interior  less  largely  crystalline. 

When  iron  is  hammered  cold,  especially  in  various  directions,  the 
crystals  of  which  it  consists  will  obviously  become  moro  or  less  disag- 


*  It  lias  been  previously  shown  that 
a  largely  crystalline  ingot  of  this  metal 
may,  under  certain  special  conditions  of 
temperature,  be  reduced  to  thin  sheet, 
which  is  flexible  to  a  considerable  extent 
without  rupture,  and  which,  on  bending 
hackwards  ami  forwards,  emits  no  crack- 
ling sound  like  tin  when  similarly  treated. 
Bat  this  sheet,  by  exposure  to  a  tempera- 
ture sensibly  below  the  melting  point  of 


zinc,  is  rendered  very  brittle,  emits  a 
J  crackling  sound  OH  bending,  and  breaks 
with  a  comparatively  largely  crystalline 
fracture.  Sufficient  freedom  of  motion 
must,  therefore,  have  been  given  to  the 
particles,  even  while  the  metal  was  still 
I  tolid,  to  euable  the  crvstalline  forces  to 
act  and  reproduce  a  largely  crystalline 
structure. 
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gregated,  and,  therefore,  the  strength  of  the  metal  will  be  diminished. 
The  larger  the  crystals,  the  more  easily  will  the  iron  break ;  for,  as 
fracture  will  occur  in  the  direction  of  least  resistance,  which  is  that  of 
the  cleavage  planes,  and  of  the  planes  of  junction  of  contiguous 
crystals,  it  will  be  facilitated  in  proportion  to  the  size  of  these  planes. 
I  have  buttons  of  fused  iron,  in  which  the  crystals  are  so  large  that 
the  cleavage  planes  extend  completely  across  the  fracture.  On  the 
other  hand,  when  the  crystals  are  comparatively  small,  they  are,  so  to 
speak,  more  interwoven  with  each  other,  there  are  no  large  cleavage 
planes,  and,  consequently,  there  is  less  tendency  to  fracture.  Whether 
the  foregoing  considerations  bo  correct  or  not,  it  is  well  established  in 
practice  that  largeness  of  crystal  in  a  bar  of  iron  indicates  facility  of 
fracture.  In  illustration  of  the  effect  of  cold  hammering  upon  iron,  I 
give  the  following  result  of  experiments  which  my  friend  Mr.  S.  H. 
Blackwell,  of  Dudley,  made  at  my  request : — A  solid  cylinder  of  iron, 
being  part  of  an  axle,  18  in.  long  and  3^  in.  in  diameter,  was  hammered 
cold  by  subjecting  it  first  to  about  twenty  blows  on  the  side  under  a 
helve  of  3  tons,  and  then  upending  it  and  continuing  to  strike  it  on 
end  80  or  90  times ;  it  was  afterwards  hammered  under  a  larger  helve 
of  about  4£  tons,  and  broke  after  10  or  12  blows  from  a  height  of  3  ft- 
Tho  fracture  was  crystalline ;  but  a  piece  forged  out  of  another  part  of 
the  same  axle  exhibited  a  fibrous  fracture  on  bending  it  over  a  sharp 
curve  by  hydraulic  pressure  amounting  to  12  tons. 

When  a  piece  of  iron  which  has  been  melted,  and  which  is  largely 
crystalline,  is  cautiously  hammered  at  a  suitable  temperature  into  a 
shape  adapted  for  rolling,  and  then  rolled  into  a  bar  not  too  thick,  it 
will  present  either  a  fibrous  or  a  crystalline  fracture  according  to  the 
manner  of  breaking  it,  and,  especially,  the  duration  of  the  act.  After 
nicking  it  to  a  slight  depth  on  one  side  with  a  cold  chisel,  and  then 
bending  it  slowly  backwards  from  the  line  of  the  nick,  the  fracture 
will  bo  highly  fibrous,  and  may  be  almost  silky.  On  the  other  hand, 
if  it  be  nicked  all  round,  and  afterwards  suddenly  broken  in  the  line 
of  the  nick,  the  fracture  will  be  crystalline,  with,  it  may  be,  only  here 
and  there  an  indication  of  fibre.  By  the  operation  of  rolling,  the 
crystals  aro  drawn  out  in  one  direction,  into  wires,  as  it  were ;  and  the 
resulting  bar,  therefore,  will  be  composed  of  parallel  and  continuous 
bundles  of  such  wires.  But  the  crystalline  structure  is  not  thereby 
obliterated,  the  crystals  having  been  merely  elongated ;  and,  accordingly, 
every  bar,  even  down  to  the  smallest  size,  should  on  sudden  transverse 
rupture  present  a  crystalline  fracture,  the  appearance  of  which  will 
become  indistinct  in  proportion  to  the  extension  of  the  crystals,  or,  in 
other  words,  to  the  degree  of  rolling.  In  the  process  of  wire-drawing, 
the  same  result  should  occur ;  and  the  fracture,  even  of  the  finest 
wire,  when  suddenly  effected,  should  be  crystalline,  though  it  may  be 
very  minutely  so.  Time  plays  a  most  important  part  in  determining 
the  character  of  the  fracture.  When  the  metal  is  broken  with  extreme 
rapidity,  there  is  no  time  allowed  for  the  exorcise  of  the  property  of 
ductility,  and  the  fracture  will  necessarily  be  crystalline ;  but,  on  the 
contrary,  when  rupture  is  slowly  produced,  there  is  ample  time  for 
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the  exercise  of  that  property,  and  during  the  act  of  bending  a  bar  in 
order  to  break  it,  the  crystals  on  the  convex  side  in  the  place  of  flexure 
actually  undergo  a  process  equivalent  to  wire-drawing,  and  so  tend  to 
develop  fibre  on  fracture.  However,  in  every  rolled  bar,  it  has  been 
shown  that  fibres  in  the  form  of  elongated  crystals  pre-exist.  Henco 
the  fibrous  fracture  of  a  bar  of  rolled  iron  is  partly  the  result  of  the 
operation  of  bending,  and  partly  of  that  of  rolling.  In  a  rolled  bar  of 
iron  the  fibrous  structure  may  be  rendered  manifest  by  the  etching 
action  of  acids,  as  is  the  crystalline  in  a  piece  of  iron  which  has  been 
melted,  and  for  precisely  the  same  reason.  In  an  ordinary  rolled  bar 
of  iron  there  is,  as  will  hereafter  be  explained,  another  cause  inducing 
the  manifestation  of  fibre  by  this  etching  action.  There  is  always 
some  silicate  of  protoxide  of  iron  remaining  in  such  a  bar,  and  this 
becomes  extended  along  with  the  iron  during  rolling ;  as  acids  do  not 
acTupon  this  silicate  and  the  metallic  iron  with  equal  intensity,  it 
is  clear  that  their  solvent  action  will  cause  the  appearance  of  fibre. 
This  silicate  is  apt  to  be  irregularly  diffused,  and  to  occasion  corre- 
sponding irregularity  in  the  etching  process,  deep  furrows  and  holes 
having  been  frequently  the  result. 

Practical  demonstrations  of  the  correctness  of  the  preceding  views 
concerning  the  influence  of  time  on  the  character  of  fracture  have  been 
obtained  at  •Shoeburyness,  in  experiments  to  determine  the  quality  of 
iron  best  aoVapted  for  armour-plates.  What  is  known  as  good  fibrous 
iron  has  presented  a  crystalline  fracture  under  the  impact  of  shot, 
varying  in  velocity  from  1200  to  1C00  ft.  in  a  second.  Moreover,  in 
some  cases,  the  portion  of  the  plate  struck  has  been  shattered  to 
fragments,  as  though  it  had  been  glass. 

The  question  will  naturally  suggest  itself,  whether  gentle  vibration, 
the  result  of  very  frequently  repeated  light  blows,  or  of  vibration  with- 
out impact,  caused  by  jarring-grinding  action,  as  in  an  axle  working 
on  badly  lubricated  bearings,  or  of  straining  and  torsion  in  shafts,  etc., 
very  much  less  intense  than  would  bo  produced  by  heavy  hammering, 
would  tend  to  induce  permanent  disaggregation  of  the  cryHtals  of  iron 
and  consequent  tenderness.  It  is  a  question  of  great  practical  import- 
ance in  reference  to  the  use  of  iron,  as  in  chains  in  coal-pits,  and  on 
railways,  where  the  safety  of  human  life  is  concerned.  Opinions  are 
divided  upon  it,  and  I  am  not  acquainted  with  any  precise  experimen- 
tal data  to  justify  any  very  positive  conclusion  on  the  subject.  Many 
instances  are  recorded  in  which  vibration  is  alleged  to  have  induced 
permanent  brittleness ;  but,  if  I  be  not  mistaken,  the  iron  reported  to 
have  thus  deteriorated  in  strength  has  not,  at  least  in  many  cases,  been 
properly  examined  and  tested.  Changes  in  mechanical  properties  of 
the  metal  may  have  been  attributed  to  vibration,  which  were  in  reality 
due  to  original  and  undetected  flaws.  In  certain  metallic  alloys  it  is 
well  established  that  vibration  may  cause  great  alteration  in  structure, 
and,  as  a  consequence,  extraordinary  brittleness ;  and  in  the  former 
volume,  in  the  article  on  Brass,  decided  instances  of  such  alteration 
are  recorded.  But  it  may  be  objected  that  alloys  are  one  thing,  and  a 
simple  metal  another  and  very  different  thing ;  and  that,  although 
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the  former  may  be  affected  by  gentle  and  sufficiently-repeated  vibra- 
tion, it  by  no  means  follows  that  this  should  be  the  case  with  the 
latter.  Accurate  experiments  will  alone  determine  the  force  of  this 
objection ;  nevertheless,  it  seems  reasonable  to  suppose  that  a  simple 
metal,  like  iron,  should  be  affected  by  exposure  to  the  conditions  in 
question.  The  expression,  gentle  vibrations,  is  after  all  indefinite,  and 
may  include  very  different  degrees  of  concussive  action ;  and  much 
may  depend  on  a  comparatively  slight  difference  in  the  intensity  of 
such  action,  especially  when  occurring  at  different  temperatures  com- 
prised even  within  the  comparatively  narrow  limits  of  ordinary 
atmospheric  variation.  The  frequent  accidents  which  occurred  from 
the  breakage  of  iron  on  railways  a  short  time  ago  during  the  pre- 
valence of  a  severe  frost  are  confirmatory  of  this  opinion.  Moreover, 
it  has  l>een  clearly  demonstrated  that  the  tenacity  of  iron  varies  con- 
siderably at  temperatures  not  far  remote  from  each  other.  It  is  most 
desirable  that  this  subject  should  be  accurately  investigated ;  and  the 
Institution  of  Civil  Engineers  would  render  excellent  service  by  con- 
ducting an  elaborate  experimental  inquiry  concerning  it. 

Another  point  remains  to  be  considered— namely,  whether  vibration 
caused  by  impact,  or  otherwise,  may  induce  a  crystalline  arrangement 
which  did  not  previously  exist,  or  was  only  imperfectly  developed.  1 
have  not  met  with  any  evidence  to  justify  an  answer  in  the  affirmative. 
All  iron  after  fusion,  or  after  having  been  exposed  to  high  tem- 
peratures sufficient  to  induce  softening  and  pastiness,  consists,  as  we 
have  seen,  of  an  aggregation  of  crystals.  In  the  act  of  rolling  or 
extension  of  any  kind,  these  crystals  are  elongated,  but  not  obliterated  ; 
and  they  may  always  be  rendered  manifest  by  sudden  fracture.  Now, 
when  a  bar  becomes  brittle  by  hammering  cold,  there  is  no  reason  to 
suppose  that  this  result  is  due  to  the  actual  development  of  a  crys- 
talline structure ;  for  the  loosening  or  disaggregation  of  the  crystals 
originally  composing  the  mass  appears  quite  adequate  to  account  for 
the  brittleness.  If  such  a  bar  had,  previously  to  hammering,  been 
broken  under  special  conditions  so  as  to  allow  time  for  the  exercise  of 
the  property  of  ductility,  it  would  have  presented  a  fibrous  and  not  a 
crystalline  fracture. 

Neglect  in  observing  the  essential  connexion  between  the  character 
of  the  fracture  and  the  particular  mode  in  which  it  has  been  effected 
has  led  to  the  conclusion,  that  the  crystallization  of  iron  has  originated 
from  mechanical  treatment,  when,  in  reality,  crystalline  structure  pre- 
existed, and  was  only  rendered  easily  manifest  by  fracture  consequent 
on  induced  brittleness. 

An  excellent  digest  of  information  published  on  this  subject  is 
contained  in  Mr.  David  Kirkaldy's   recent  valuable  work  on  the 
Tenacity,  or,  as  it  is  now  termed,  Tensile  Strength  of  Iron  and  Steel 
and  the  author  appears  to  have  arrived  at  nearly  the  same  conclusions 
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as  myself.  I  may  bo  permitted  to  state  that,  during  many  years,  I 
have  annually  communicated  to  the  metallurgical  students  at  the  Royal 
School  of  Mines  the  statements  and  deductions  therefrom  which  I  have 
here  expressed.  A  few  observations  on  the  production  of  crystalline 
and  fibrous  fracture  have  already  appeared  in  the  former  volume.* 

CHEMICAL  PROPERTIES  OF  IRON. 
Atomic  wight.    28.  (Svanberg.) 

Iron  and  Oxygen. 

In  perfectly  dry  oxygen,  iron  in  a  comjxict  state  undergoes  no  change' 
at  the  ordinary  temperature  of  the  atmosphere  ;  but  when  in  a  state  of 
very  fine  division,  like  that  obtained  by  reducing  sesquioxide  of  iron 
by  hydrogen  at  a  very  low  temperaturo,  it  takes  fire  when  gently 
heated  in  atmospheric  air,  and  is  converted  into  sesquioxide.  Iron 
thus  finely  divided  is  stated  to  bo  pyrophoric  when  quite  cold.  Mr. 
Dick  has  made  some  experiments  on  this  subject  in  my  laboratory. 
Pure  sesquioxide  of  iron  was  prepared  by  the  addition  of  ammonia  in 
excess  to  a  solution  of  sesquichloride  of  iron  and  perfectly  washing  the 
precipitate  thus  formed.  Reduction  was  effected  in  a  glass  tube  by 
hydrogen  which  had  passed  through  sulphuric  acid,  and  then  over 
chloride  of  calcium  and  fragments  of  potash.  The  oxido  was  finely 
powdered,  and  gentle  heat  applied  by  means  of  a  spirit-lamp.  The 
reduced  metal  ignited  when  shaken  into  the  air  out  of  the  tube,  but 
only  so  long  as  the  latter  continued  sensibly  warm  to  the  hand.  After 
it  had  become  quite  cold  in  the  atmosphere  of  hydrogen,  it  was  ignited  by 
gently  warming  it  on  a  sheet  of  paper  far  below  100°  0.,  the  product 
of  the  combustion  being  sesquioxide.  The  iron  obtained  in  some  ex- 
periments could  only  bo  ignited  at  somewhat  above  100°.  It  appeared 
that  in  every  cast?  after  perfect  cooling  the  iron  required  a  higher  tem- 
perature for  ignition  than  previously,  but  this,  it  should  bo  stated,  was 
not  confirmed  by  thermometrical  observations.  In  no  experiment  was 
iron  obtained  which  was  pyrophoric  after  having  become  quite  cold. 
When  dropped  into  hot  air,  it  burned  brilliantly.  We  owe  to  Magnus 
the  following  interesting  observations  on  this  subject.  Reduction  of 
sesquioxide  of  iron  in  hydrogen  begins  at  the  boiling-point  of  mercury, 
and  is  completed  between  this  and  the  melting-point  of  zinc  ;  and 
when  the  temperature  at  which  reduction  is  effected  does  not  exceed 
the  last-named  limit,  the  product  is  pyrophoric,  but  ceases  to  be  so  if 
heated  beyond  this  limit.*  On  displacing  the  hydrogen,  after  reduction 
of  the  oxide,  by  a  current  of  carbonic  acid,  and  allowing  the  iron  to 
cool  in  this  gas,  the  pyrophoric  property  was  destroyed.  Hence  it 
was  inferred  that  this  property  depended  upon  the  condensation  of 
hydrogen  in  the  reduced  iron,  which  spontaneously  ignited  in  contact 
with  atmospheric  air.   The  remarkable  property  of  certain  pulverulent 


-  Metallurgy,  First  Part,  p.  7. 
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matters,  such  as  platinum-black,  in  determining  the  combustion  of  gases 
and  vapours  in  contact  with  air,  is  now  well  known.  The  correctness 
of  the  preceding  inference  was  not  confirmed  by  the  experiment  of 
heating  oxalate  of  iron  at  the  lowest  temperature  at  which  decomposi- 
tion occurs,  and  allowing  the  residue  to  cool  in  the  gases  evolved, 
which  consist  chiefly  of  carbonic  acid.  There  was  no  hydrogen,  and 
yet  the  product  was  pyrophoric.  It  will  be  seen  further  on  that  this 
product  is  a  mixture  of  protoxide  of  iron  and  metallic  iron.  When 
Sfesquioxido  of  iron  is  precipitated  in  conjimction  with  about  3  per 
cent,  of  alumina  or  silica  so  as  to  bo  intimately  mixed  throughout,  it 
may  bo  reduced  at  a  red  heat  in  hydrogen  and  yet  be  pyrophoric,  the 
infusible  and  interposed  foreign  matter  tending  to  prevent  the  par- 
ticles of  iron  from  sintering  together,  and  to  keep  them  in  a  state  of 
fine  division. 

Mr.  Dick  endeavoured  to  ascertain  whether  iron  reduced  by,  and 
cooled  in,  hydrogen  retained  any  portion  of  this  gas ;  but  the  results 
were  not  very  conclusive.  Spongy  platinum  and  platinum-black  were 
intimately  mixed  with  the  iron,  without  yielding  decided  evidence  of 
the  formation  of  water.  Some  of  the  iron  was  placed  on  a  little 
chlorate  of  potash,  previously  melted  and  afterwards  solidified  at  the 
bottom  of  a  test-tube ;  heat  was  applied,  ignition  occurred,  but  there  was 
no  appearance  of  the  condensation  of  w^ter  on  the  cold  part  of  the  tube. 

Iron  in  a  compact  state,  heated  to  redness  in  oxygen,  burns  with 
vivid  incandescence,  forming  an  oxide  which  drops  in  well  melted 
globules,  and  of  which  the  composition,  according  to  Marchand,  is 
represented  by  the  formula  Fo*().  Every  one  is  familiar  with  the 
beautiful  experiment  of  plunging  a  thin  iron  wire  with  the  end  red 
hot  into  this  gas.  Iron  also  bums  vividly  at  a  white  heat,  or  some- 
what below,  in  atmospheric  air.  In  the  puddling  furnace,  to  be 
hereafter  described,  this  phenomenon  may  bo  daily  witnessed.  Nail- 
makers,  or,  as  they  are  termed,  nailers,  in  some  localities  avail  them- 
selves of  the  combustibility  of  iron  at  high  temperatures  to  keep  their 
nails  hot  during  the  process  of  forging.  There  is  a  little  blowpipe 
connected  by  a  tube  with  a  small  pair  of  double  bellows  fixed  above, 
and  by  this  means  a  jet  of  air  is  thrown  on  the  iron  when  it  is  becom- 
ing too  cold,  and  immediately  tho  temperature  is  much  increased.  I 
have  seen  this  simple  and  really  beautiful  expedient  in  operation  at 
Kuabon,  North  Wales,  though  I  do  not  remember  observing  it  amongst 
the  nailers  in  the  vicinity  of  Birmingham,  whom  I  have  often  watched 
at  their  work.  Yet  the  late  Mr.  Richard  Phillips  published  the  fact 
of  his  having  seen  it  in  this  locality.4  If  a  rod  of  iron  be  tied  to  a 
piece  of  cord  at  one  end,  heated  to  whiteness  at  the  other,  and  then 
swung  round  rapidly,  a  brilliant  circle  of  sparks  will  be  produced  by 
the  combustion  of  tho  metal,  resembling  a  fire-work.5  Iron  in  a  com- 
pact state  readily  oxidizes  at  a  dull  red  heat  in  atmospheric  air ;  and 
tho  nature  of  the  oxide  produced  varies  considerably  if  the  temperature 
bo  raised  to  bright  redness  or  whiteness. 
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It  has  been  stated  by  some  persons  that  iron  has  the  property  of 
dissolving  oxygen,  or  rather  oxide  of  iron,  in  Hmall  quantity,  just  as 
copper  dissolves  its  dioxide ;  but,  so  far  as  I  am  aware,  no  satisfactory 
evidence  has  ever  been  advanced  in  support  of  this  statement.  One  ex- 
periment on  this  point  has  been  made  in  my  laboratory  by  Mr.  Dick, 
but  the  result  is  inconclusive.  I  publish  it  merely  to  excite  attention 
to  the  subject.  About  400  grains  of  pure  sesquioxide  of  iron  were 
mixed  with  as  much  lampblack,  prepared  in  the  laboratory  from  re- 
distilled oil  of  turpentine,  as  sufficed  to  reduce  :J70  grains  of  the  oxide 
to  the  metallic  state,  thus  leaving  a  considerable  amount  of  unreduced 
oxide.  The  mixture  was  intensely  heated  in  a  French  clay  crucible, 
when  a  well  melted  button  of  iron  was  obtained,  covered  with  a  layer 
of  well-melted  slag.  The  iron  was  very  soft,  and  clogged  the  file. 
Filings  to  the  weight  of  150  grains  were  placed  in  a  combust  ion-tube 
of  hard  glass,  at  one  end  of  which  a  current  of  well-dried  hydrogen 
was  admitted,  passing  out  at  the  opposite  end  through  a  weighed 
chloride  of  calcium  tube.  After  filling  the  combustion- tu be  thoroughly 
with  hydrogen,  the  part  of  the  tube  containing  the  iron  was  heated 
to  redness,  and  kept  at  that  temperature  during  about  half  an  hour, 
hydrogen  slowly  circulating  through  all  the  while.  The  chloride  of 
calcium  tube  increased  0*285  grain  in  weight,  which  would  indicate 
the  presence  of  0  01747,  of  oxygen,  or  0'0t)09%  of  protoxide  of  iron, 
in  the  filings.  This  single  result,  I  repeat,  cannot  be  accepted,  and 
may  possibly  be  proved  erroneous. 

Protoxide  of  iron.  FeO. — It  is  generally  asserted  that  this  oxide  is 
nnknown  in  a  separate  state ;  but,  according  to  Debray,  it  is  produced 
when  hydrogen  and  steam,  in  certain  proportions,  are  passed  over  heated 
sesquioxide  of  iron.8  Thus  prepared,  it  is  described  as  black,  non- 
magnetic, and  easily  burning  in  atmospheric  air,  with  the  formation  of 
magnetic  oxide.  When  dry  oxalate  of  protoxide  of  iron  is  heated 
without  access  of  atmospheric  air,  the  residue,  according  to  Liebig,  is 
protoxide  of  iron  containing  some  metallic  iron,  and  the  volume  of 
carbonic  oxide  evolved  is  consequently  less  than  that  of  the  carbonic 
acid.  It  ignites  spontaneously  in  the  air,  and  is  converted  into  sesqui- 
oxide of  iron.7  Protoxide  of  iron  is  a  powerful  base,  and  in  combina- 
tion frequently  occurs  in  metallurgical  operations  connected  with  iron. 
His  precipitated  by  potash  or  soda  from  aquoous  solutions  of  salts  of 
protoxide  of  iron,  in  the  state  of  a  flocculent  whito  hydrate,  which,  in 
contact  with  air,  immediately  absorbs  oxygon  and  becomes  green, 
owing  to  the  formation  of  some  magnetic  oxide.  It  is  certainly 
soluble,  to  a  slight  extent,  in  fused  potash.  I  was  accustomed  to  pre- 
pare pure  potash  by  the  alcohol  process,  and  in  the  first  evaporation  of 
the  aqueous  solution  I  employed  a  cast-iron  vessel,  when  I  always 
obtained  solid  caustic  potash  of  a  pale  yet  very  decided  green  colour, 
resembling  that  of  green  vitriol.  This  combination  apparently  of 
protoxide  of  iron  and  potash  has  been  descrilied  under  the  name 
offer-rite  of  potash.    It  has  a  powerful  affinity  for  oxygen.  Thus 
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when  equivalent  proportions  of  the  sulphates  of  protoxides  of  copper 
and  iron  are  dissolved  in  water,  and  a  solution  of  caustic  potash  or 
soda  added  to  the  solution,  a  brown-red  precipitate  is  formed,  which 
is  a  combination  having  the  formula  CVO,  Fe*0\  On  treating  this 
compound  in  a  close  vessel  with  ammonia,  dioxide  of  copper  alone  is 
dissolved,  and  the  liquor  is  colourless,  hydrated  sesquioxide  of  iron 
remaining."  It  has  the  power  of  decomposing  water:  thus  when  a 
protosalt  of  iron  is  precipitated  with  excess  of  potass,  and  the  whole  is 
boiled,  hydrogen  is  pretty  copiously  evolved,  and  magnetic  oxide  of 
iron  formed." 

Sesyuioxide  of  iron.  Red  oxide  of  iron.  Fe'O*. — It  crystallizes  in  the 
rhombohedral  system.  In  crystals  it  is  steel-grey,  and  has  a  bright 
metallic  lustre  ;  but  in  powder  it  is  red.  It  gives  a  red  or  brownish- 
red  streak.  The  minerals  termed  sjtecular  iron  and  micaceous  iron-ore  con- 
sist of  this  oxido.  In  thin  scales,  as  it  occurs  in  this  ore,  it  transmits 
red  light.  The  specific  gravity  of  the  native  sesquioxide  ranges  from 
5*191  to  5-230,1  and  that  of  the  ignited  artificial  oxide  was  found  by 
H.  Rose  to  be  5-17.  The  artificially  prepared  oxide  is  non-magnetic, 
but  the  native  crystallized  oxide  is  slightly  so.8  It  is  not  volatile, 
though  the  occurrence  of  specular  iron  in  the  craters  of  volcanoes 
might  induce  the  belief  that  it  was.  Mitscherlich,  however,  showed 
that  this  mineral  had  not  been  sublimed,  but  generated  by  the  contact, 
at  a  high  temperature,  of  the  vapour  of  water  and  that  of  sesquichloride 
of  iron,  which  decompose  each  other,  with  the  formation  of  hydro- 
chloric acid  and  crystallized  sesquioxide  of  iron.8 

It  is  infusible,  except  at  very  high  temperatures,  and  then  not 
without  the  loss  of  oxygen  and  the  formation  of  magnetic  oxide.  Thus, 
according  to  H.  Rose,  it  melts  in  a  porcelain  kiln,  but  at  the  same  time  is 
reduced  to  magnetic  oxide.4  When  sesquioxide  of  iron  is  strongly  heated 
in  contact  with  metallic  iron,  it  is  reduced  to  magnetic  oxide.  Thin 
iron  wire  was  cut  into  short  lengths,  and  put  at  the  bottom  of  a  wrought- 
iron  crucible,  somo  sesquioxide  of  iron  was  placed  upon  it,  and  then 
cut  iron  wire  was  introduced  so  as  to  fill  up  the  crucible,  which  was  en- 
closed in  a  covered  clay  crucible  and  strongly  heated.  When  cold,  the 
wire  was  found  to  cohere  so  strongly  as  to  render  it  necessary  to  cut 
open  the  crucible  with  a  chisel  and  hammer.  The  sesquioxide  of  iron 
was  replaced  by  a  finely  crystalline  black  powder,  which  was  attracted 
by  the  magnet,  and  yielded  by  assay  73  9%  of  iron,  i.e.  1  -5°/0  more  than 
in  magnetic  oxide. 

It  is  easily  reduced  to  the  metallic  state  when  heated  to  redness  in 
contact  with  carbon,  carbonic  oxide,  hydrogen,  ammonia,  or  cyanogen. 
When  reduction  by  any  one  of  these  agents  takes  place  at  a  compara- 
tively low  temperature,  the  metal  is  left  in  a  pulverulent  state ;  but 
whon  the  temperature  is  high,  a  coherent  mass  of  malleable  iron  is 

s  Bcrarlius.  Tr.  2.  p.  G74.  Recently  an  artificial  ml  oxide  has  been 

•  Fremv,  Ann.  de  Chirn.  et  dc  Pliys    prejwred,  which  in  magnetic, 
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produced  which  may  be  readily  forged  w-rth  solid  metal.  It  is  not  ne- 
cessary, as  we  have  previously  seen,  that  there  should  be  intimate 
contact  between  carbon  and  sesquioxide  of  iron  in  order  to  effect  com- 
plete reduction.*  Lumps  of  oxide  of  considerable  size,  say  as  large  as 
the  fist,  may  be  entirely  converted  into  metallic  iron  by  exposing 
them,  imbedded  in  coarse  charcoal-powder,  to  a  bright  red  heat  during 
several  hours.  At  first  there  is  only  reduction  to  the  state  of  magnetic 
oxide  of  iron ;  and,  according  to  Berthier,  if  the  mass  be  not  too  con- 
siderable, it  is  wholly  changed  into  this  oxide  before  any  metallic  iron 
is  formed.  Subsequently  metallic  iron  appears  at  the  surface,  and, 
pari  i*visu,  a  lower  oxide  than  magnetic  oxide,  namely,  that  of  iron 
sztk,  is  produced  in  the  interior  even  to  the  centre.'  In  reduction  by 
hydrogen,  magnetic  oxide  appears  to  be  first  formed  ;  and  if  the  experi- 
ment be  made  at  very  low  temperatures,  the  product  will  sometimes 
be  found  to  consist  almost  entirely  of  magnetic  oxide,  in  which  case  it 
will  be  black,  and  not  grey. 

Sesquioxide  of  iron  is  largely  manufactured  in  the  state  of  amorphous 
powder,  the  colour  of  which  varies  greatly  according  to  the  method  of 
preparation.  It  is  extensively  used  as  a  pigment  in  the  ceramic  arts, 
and  produces  tints  of  red,  brown,  and  violet.7  .Thus,  the  following 
salts  of  sesquioxide  of  iron,  basic  sulphate,  sulphate,  and  nitrate,  yield 
by  calcination  respectively  products  of  a  very  fine  red,  dark  red,  and 
blackish  brown  colour."  Sesquioxide  of  iron  is  also  much  employed  in 
polishing  plate  glass,  and  is  made  for  this  purpose  by  calcining  sul- 
phate of  protoxide  of  iron  (green  vitriol)  at  a  red  heat,  and  subjecting 
the  residue,  called  colcothar,  to  trituration  and  levigation.  The  red 
powder  sold  under  the  name  of  rouge  for  polishing  silver- ware  is  only 
very  finely  levigated  sesquioxide  of  iron.  In  one  specimen  which  1 
exanvjned  I  detected  mercury,  an  ingredient  which  should  not  be 
tolerated;  for  although  it  may  lessen  the  labour  of  the  polisher,  it  will 
certainly  increase  the  wear  of  the  plate.  A  beautiful  micaceous 
variety  of  sesquioxide  of  iron  may  be  obtained  by  carefully  heating 
dried  sulphate  of  protoxide  of  iron  mixed  with  two  or  three  times  its 
weight  of  common  salt.  Sulphate  of  soda  is  formed,  which  along  with 
any  excess  of  common  salt  may  be  removed  by  washing  with  water. 
Ill  us  prepared  the  oxide  is  stated  to  be  well  adapted  for  polishing.  It 
is  acted  upon  even  by  hot  hydrochloric  acid  with  difficulty. 

By  ignition  with  excess  of  sulphur,  sesquioxide  of  iron  is  converted 
into  sulphide  with  the  evolution  of  sulphurous  acid.  At  high  tempe- 
ratures it  acts  the  part  of  an  acid  towards  fixed  bases.  Thus,  as  has 
been  previously  stated,  it  forms  fusible  combinations  with  lime.*  When 
strongly  heated  with  carbonate  of  potash  or  soda,  carbonic  acjd  is 
expelled,  and  by  the  action  of  water  on  the  product  caustic  alkali  is 
dissolved  and  sesquioxide  of  iron  left. 

Sesquioxide  of  iron  is  insoluble  in  water  or  in  solutions  of  the  fixed 
alkalies  or  ammonia.    It  dissolves  in  sulphuric,  nitric,  hydrochloric, 

1  Metallurgy,  First  Part,  pp.  H-18.         2.  p.  516. 

•  Tr  des  Ess.  2.  p.  186.  ■  Berzelius,  Tr.  2.  p.  668. 

*  Bnmgniart.  Tr.  des  Arts  Oram.  1844,      *  Metallurgy,  First  Part,  p.  43. 
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and  various  other  acids,  but  when  crystallized  or  after  ignition,  only 
very  slowly,  even  with  the  aid  of  heat.  UTie  best  solvent  is  hydro- 
chloric acid.  In  effecting  solntion  in  this  acid,  I  have  found  it  con- 
venient first  to  reduce  the  oxide  by  heating  it  to  redness  in  a  porcelain 
crucible,  closed  with  a  cover  having  a  hole  in  it  through  which  a  jet 
of  hydrogen  or  coal-gas  is  introduced.  Complete  reduction  takes  place 
in  the  course  of  a  few  minutes,  after  which  the  metallic  iron  may  be 
rapidly  dissolved ;  and,  if  necessary,  the  protochloride*  of  iron  formed 
may  be  immediately  converted  into  sesquichloride  in  the  usual  manner 
by  boiling  with  a  little  chlorate  of  potass  or  nitric  acid.  Much  time  is 
thus  saved. 

On  heating  a  bead  of  borax  or  platinum  wire  with  a  small  quantity 
of  sesquioxide  of  iron  before  the  blow-pipe  in  the  oxidizing  flame,  it  is 
yellow  while  hot  and  colourless  when  cold ;  with  a  larger  proportion 
of  oxide  it  is  red  while  hot  and  yellow  when  cold;  and  with  a  still 
larger  addition  it  is  deep  red  while  hot  and  deep  yellow  when  cold. 
In  the  reducing  flame  it  becomes  bottle-green  ;  and  when  heated  in 
this  flame  on  charcoal  with  the  addition  of  tin,  it  at  first  becomes 
bottle-green  and  after  long  blowing  acquires  the  colour  of  green  vitriol. 
With  microcosmic  salt  in  the  oxidizing  flame,  a  certain  proportion  of 
this  oxide  produces  a  bead,  which  is  yellowish  red  while  hot,  but  on 
cooling  becomes  at  first  yellow,  then  greenish,  and  at  last  colourless. 
With  a  very  large  addition  of  the  oxide  the  bead  is  dark  red  while  hot. 
and  on  cooling  becomes  brown  red,  then  dirty  green,  and  when  cold 
brownish  red.  The  colours  disappear  on  cooling  much  sooner  than 
in  the  case  of  borax  beads.  In  the  reducing  flame  with  a  small  addi- 
tion of  oxide  tho  bead  does  not  appear  changed  ;  with  a  larger  propor- 
tion, it  is  red  while  hot,  and  on  cooling  becomes  at  first  yellow,  then 
greenish,  and  at  last  reddish.  Treated  with  tin  on  charcoal  the  bead 
on  cooling  becomes  green,  and  at  last  colourless. 1 

Hydrated  sesquioxide  of  iron. — Sesquioxide  of  iron  combines  with  water, 
forming  definite  hydrates,  which  lose  the  whole  of  their  water  at  a  red 
heat.  It  is  precipitated  as  a  bulky  reddish  brown  hydrate  by  the 
addition  of  ammonia,  or  caustic  potash,  or  soda  to  solutions  of  salts 
containing  this  oxide  as  tho  base,  such  as  the  sesquichloride  of  iron. 
It  retains  some  of  the  fixed  alkaline  precipitants  which  cannot  be 
removed  by  washing.  When  first  thrown  down  its  formula  is  stated 
to  be  Fe»0»,  MHO;  in  this  state  it  is  readily  soluble  in  acids,  and 
appears  perfectly  amorphous  under  the  microscope.  If,  however,  it  is 
kept  for  some  time  under  water  it  becomes  crystalline,  is  much  less 
easily  soluble  in  acids,  and  has  the  formula  2Fe*()*,  3110,  so  that  it 
loses  half  tho  water  which  it  originally  contained.*  W  hen  boiled  in 
water  during  3  or  4  minutes  its  formula  becomes  Fe"03,  HO ;  and  after 
exposure  to  the  action  of  water  at  160°(\  or  186°  C,  as  in  closed  tubes, 
during  8  days  it  was  found  by  Senarmont  to  become  anhydrous.* 
Schiflf  examined  a  specimen  of  hydrated  sesquioxide  of  iron  which 

1  Pl»ttnor,  Probirkunst,  1858,  p.  146.     I     1  Ann.  <!«•  Oliim.  et  uV  Phm  1KS1,  32 

2  Biich»«r,amelin.llftiHlho<>k,r).p  l'.»8.  j  p.  H<;. 
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had  remained  longer  than  15  years  under  water  at  the  ordinary 
temperature,  and  ascertained  that  it  had  the  same  formula.4  The 
hydrate  is  much  altered  after  exposure  to  the  action  of  boiling  water 
during  7  or  8  hours.  It  becomes  brick-red  in  colour,  and  is  hardly 
acted  upon  by  strong  and  boiling  nitric  acid ;  and  concentrated  hydro- 
chloric acid  only  dissolves  it  at  the  temperature  of  ebullition,  or  after 
prolonged  contact.  In  the  original  and  important  paper  of  Mr.  Graham 
on  Dialysis  are  recorded  some  interesting  observations  on  hydrated 
sesquioxide  of  iron.  On  dialysing  a  solution  of  highly  basic  se*qui- 
chloride  of  iron,  he  obtained  an  aqueous  solution  nearly  pure  of  sesqui- 
oxide of  iron.  Water  containing  about  1  per  cent,  of  this  hydrate  in 
solution  has  the  dark  red  colour  of  venous  blood.  This  solution  may 
be  concentrated  by  boiling  to  a  certain  point,  when  it  pectizes,  i.e.  the 
hydrate  separates  and  coagulates  into  a  jelly-like  mass.  Coagulation 
in  the  cold  is  induced  by  traces  of  sulphuric  acid,  alkalies,  alkaline 
carbonates,  sulphates  and  neutral  salts  in  general,  but  not  by  hydro- 
chloric, nitric,  or  acetic  acids,  nor  by  alcohol  or  sugar.  The  coagulum 
is  a  deep  red  coloured  jelly,  resembling  the  clot  of  blood;  but  more 
transparent ;  once  formed,  either  by  a  precipitant,  or  in  the  course  of 
time  spontaneously,  without  any  addition  having  been  made  to  the 
solution  of  sesquioxide  of  iron,  it  is  no  longer  soluble  in  water,  hot  or 
cold,  but  readily  dissolves  in  dilute  acids.  It  is,  in  short,  the  ordi- 
nary hydrated  sesquioxide  of  iron,  so  that  there  is  a  soluble  and  in- 
soluble form  of  this  substance  in  the  colloidal  state.  Mr.  Graham  is 
of  opinion  that  native  haematite  in  mammillary  concretions  is  colloidal. 
There  is  also  a  soluble  meta-sesquioxide  of  iron,  which  is  prepared  by 
the  prolonged  action  of  heat  upon  a  pure  solution  of  the  acetate.  The 
characteristic  properties  of  this  substance,  which  indicate  its  allotropic 
nature,  are  the  orange-red  colour  and  the  opalescence  of  its  solution. 
It  is  entirely  precipitated  of  a  brown  ocln-oous  appearance  by  a  trace 
of  sulphuric  acid,  or  of  an  alkaline  salt,  and  is  insoluble  in  all  cold 
acids  even  when  concentrated.* 

Sesquioxide  of  iron  and  lime. — In  the  preceding  volume*  it  was  shown 
that  this  oxide  and  lime  combino  in  the  dry  way,  but  they  also  combine 
in  the  wet  vcay.  Pelouze  has  described  a  compound  of  the  formula 
4CaO,  Fe'O".  It  is  precipitated  by  the  addition  of  an  excess  of  potash 
to  an  aqueous  solution  of  chloride  of  calcium  and  sesquichlorido  of 
iron  in  the  ratio  of  4  equivalents  to  1.  It  is  a  light,  amorphous,  snow- 
white  powder,  which  becomes  brown  on  exposure  to  the  air,  owing  to 
the  formation  of  carbonate  of  lime  and  the  liberation  of  sesquioxide  of 
iron.  It  may  be  kept  for  any  length  of  time  provided  air  be  excluded. 
When  first  produced  it  is  more  or  less  brown,  as  a  littlo  of  the  sesqui- 
oxide is  thrown  down  apparently  not  in  a  free  state,  which  in  the 
course  of  some  hours  afterwards  enters  into  combination  with  lime, 
and  the  precipitate  becomes  white,  though  containing  nearly  half  its 

*  L.  u.  K.  Jahresb.  1860,  p.  188.  chaleur.     Ann.  do  Chim.  rt  do  Pliys. 

*  Phil.  Trans.  June  19*  1861.  p.  208.    1856.  46.  p.  47. 

Viil.  alao  Poan  do  Saint-Gillos,  Rochorclios       •  Motalluruy,  First  Part,  p.  43. 
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weight  of  sesquioxide  of  iron.  It  is  insoluble  in  water,  whether  pure 
or  containing  sugar.  It  is  a  very  unstable  compound,  and  is  decom- 
posed by  carbonic  acid  or  when  boiled  with  a  soluble  carbonate.  It 
may  bo  boiled  with  caustic  potash  without  undergoing  any  change.7 
I  may  state  that  some  time  before  the  publication  of  Pelouze's  paper, 
Mr.  Mercer,  of  Manchester,  informed  me  that  sesquioxide  of  iron  and 
lime  combined  in  the  wet  xcay. 

Magnetic  oxide  of  iron*  Fe3*)4,  or  FeO-f  Fe'O*. — It  crystallizes  in 
the  cubical  system.  It  occurs  well  crystallized  in  nature,  and  also  aa 
a  product  of  various  metallurgical  operations,  especially  in  the  manu- 
facture of  iron.  I  have  very  often  found  it  in  furnace  products,  and 
generally  in  octahedrons;  but  I  have  a  specimen  of  it  from  the 
Blaina  Iron- works,  Monmouthshire,  in  rhombic  dodecahedrons,  almost 
rivalling  in  beauty  the  well-known  native  crystals  from  Travorsella. 
I  have  slags  in  which  small  octahedrons  are  piled  continuously  one 
upon  another,  so  as  at  first  sight  to  appear  like  prisms.  It  is  black  in 
powder  as  well  as  in  mass.  It  gives  a  black  streak.  When  crystal- 
lized it  lias  a  metallic  lustre.  It  is  opaque.  The  specific  gravity  of 
the  native  oxide  ranges  between  4*98  and  5*20.  It  is  not  volatile,  and 
is  fusible  at  very  high  temperatures.  In  certain  processes  in  the  manu- 
facture of  iron,  in  which  jets  of  atmospheric  air  are  made  to  impinge  at 
a  steep  angle  upon  molten  cast-iron,  a  large  quantity  of  minute  hollow 
spherical  shots  which  are  strongly  attracted  by  the  magnet  fall  like  rain 
from  the  surrounding  atmosphere.  I  have  collected  pounds  of  them  at 
a  time  on  the  ground,  and  have  found  them  all  over  my  clothes, 
especially  on  the  brim  of  the  hat.  These  shots,  however,  contain 
silica,  which  is  separated  in  a  gelatinous  state,  by  the  action  of  hydro- 
chloric acid,  in  addition  to  sesquioxide,  and  protoxide  of  iron.  They 
have  Wen  analysed  in  the  Metallurgical  Laboratory  of  the  Koyal  School 
of  Mines  by  Mr.  Smith,  and  found  to  have  the  following  composition  : — 

Protoxide  of  iron   2S*91 

Sesquioxide  of  iron   37 '  44 

Silica.   24-10 

Alumina,  with  &mnll  quantities  of  oxide  of  man- 1  o-i- 

ganesc,  lime,  and  magm-gui   I 

100  00 

Metallic  iron  %    48  70 

This  proportion  of  sesquioxide  would  require  10-85  of  protoxide  of 
iron  to  form  magnetic  oxide,  leaving  12*06  of  protoxide  of  iron  in 
combination  with  silica.  Supposing  the  whole  of  the  iron  to  be 
present  as  protoxide,  and  combined  with  silica  as  3FeO,  SiO\  there 
would  be  a  deficiency  of  silica  to  the  amount  of  2*57.  The  alumina 
was  probably  derived  chiefly  from  the  ashes  of  the  coke  under  which 
the  cast-iron  was  melted  in  the  operation  of  refining.  As  silica  decom- 
poses sesquioxide  of  iron  at  a  high  temperature  with  the  formation  of 
tribasic  silicato  of  protoxide  of  iron  and  evolution  of  oxygen,  it  is 

7  Ann.  de  Chim.  et  do  Phvs.  1851,  33.  p.  5. 
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possible  that  this  action  may  have  been  going  on  at  the  time  of  the 
projection  of  the  shots,  and  that  the  oxygen  liberated  in  consequence 
may  have  in  some  way  determined  the  projection.  What  has  been 
stated  regarding  the  reduction  of  sesquioxide  applies  equally  to  mag- 
netic oxide  of  iron.  It  is  reduced  to  the  metallic  state  by  potas- 
sium or  sodium  at  about  300°  C.  with  a  slight  evolution  of  light 
and  heat ;  whereas,  at  a  high  temperature,  metallic  iron  completely 
reduces  the  oxides  of  these  metals."  Jt  combines  with  about  7  per 
cent,  of  water,  forming  a  hydrate.  It  is  this  compound  which  speedily 
results  from  the  action  of  the  air  on  the  white  precipitate  occasioned 
by  the  addition  of  a  solution  of  potash  or  soda  to  salts  of  protoxide 
of  iron.  It  is  at  first  dull  green,  then  black,  and  on  further  ex- 
posure to  the  air  is  entirely  converted  into  brown  hydratcd  sesqui- 
oxide. It  is  also  immediately  produced  when  the  same  alkaline  pre- 
cipitants  or  ammonia  are  added  to  solutions  of  salts  of  protoxide  and 
sesquioxide  of  iron  mixed  in  the  proper  ratio.  Thus  prepared  by 
desiccation,  it  becomes  an  agglutinated  black  mass,  of  which  the 
fracture  is  vitreous  and  tho  powder  brown.  It  is  magnetic  like  the 
anhydrous  oxide.  Heated  in  a  close  vessel  it  loses  its  water.  Mair- 
netic  oxide  is  formed  by  boiling  iron  filings  in  excess  with  water  and 
hydrated  sesquioxide  of  iron,  such  as  may  conveniently  be  prepared 
by  adding  ammonia  to  a  solution  of  sesquichloride  of  iron  and  well 
washing,  but  not  drying,  the  precipitate  Water  is  decomposed  with 
the  evolution  of  fetid  hydrogen,  and  this  continues  until  sufficient 
protoxide  is  pnxluced  to  form  magnetic  oxide  with  the  sesquioxide 
present.  The  product  is  black  pulverulent  hydrate  of  magnetic  oxide, 
from  which  the  excess  of  metallic  iron  may  l>e  easily  removed  by 
levigation.  When  solid  protochloridc  of  iron  is  heated  with  an  excess 
of  carbonate  of  soda  in  a  crucible,  magnetic  oxide  is  formed,  and  by  wash- 
ing with  water  is  left  in  the  state  of  black  crystalline  ]>owder,  which 
may  be  dried  without  further  oxidation.*  When  magnetic  oxide, 
anhydrous  as  well  as  hydrated,  is  put  into  a  close  vessel  with  a 
quantity  of  acid,  say  hydrochloric,  not  more  than  sufficient  to  dissolve 
the  protoxide  present,  the  latter  alone  will  pass  into  solution. 

Iron  scale. — When  iron  is  heated  to  redness  as  in  the  annealing  of 
sheet-iron,  or  to  a  still  higher  temperature  as  in  forging  bar-iron,  its 
surface  becomes  coated  with  oxide,  which  is  in  great  measure  dotaehed 
either  by  bending  or  hammering  tho  metal  when  cold,  or  by  plunging 
it  while  hot  into  cold  water.  It  is  this  oxide  which  is  known  as  iron 
scale  or  hammer  slag.  It  is  black,  opaque,  slightly  metallic  in  lustre,  melts 
at  a  high  temperature,  and  is  strongly  magnetic.  Berzelius  examined 
a  piece  of  iron  which  had  been  kept  in  the  furnace  during  24  hours  ;  it 
was  covered  with  a  thick  crust,  8""  (0-12  in.)  in  thickness,  which  on 
fracture  was  seen  to  consist  of  two  distinct  layers.  The  internal  one 
was  dark  in  colour,  bubbly,  without  much  lustre,  and  feebly  attracted 
by  the  magnet.  The  external  one  presented  on  its  outer  surface  a  thin 
layer  of  sesquioxide,  which  produced  a  red  tint;  its  fracture  was  com- 
pact, brilliant,  and  iron-grey  in  colour ;  it  was  hard,  tenacious,  and 

•  Gmelia,  Handbook,  5.  p.  192.      9  Liebig  and  Wohler.   Berzelius,  Tr.  2.  p.  »i72. 
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more  strongly  attracted  by  the  magnet  than  the  first.    These  layers 
were  separately  analysed  by  Mosander,  and  the  results  are  as  follow : 

Composition  per  cent. 

Internal  layer.  External  layer. 

Protoxide  of  iron   72  92    G4-23 

Seaquioxide  of  iron   27  08    35 '77 

But  on  further  analysing  apart  the  outer  and  inner  halves  of  the 
external  layer,  Mosander  found  that  the  proportion  of  sesquioxide  of 
iron  diminished  from  without  inwards  ;  whereas  the  internal  layer  was 
homogeneous  throughout,  and  in  composition  might  be  represented  by 
the  formula  oFeO,  Fe*0\  1 

The  following  experiments  on  the  formation  of  iron  scale  have  been 
made  in  my  laboratory  by  Mr.  Smith.  The  iron  taken  for  the  experi- 
ments was  a  piece  of  wrought-iron  bar,  1  in.  square,  4^  in.  in  length ; 
and  (»  pieces  of  flat  hoop-iron,  4£  in.  in  length,  \\  in.  in  width,  and 
,V  of  an  in.  in  thickness,  piled  up,  and  kept  apart  by  transverse  pieces 
of  stout  iron  wire.  The  whole  were  placed  upon  fire-brick,  and  heated 
in  a  muffle,  the  temperature  being  slowly  increased  from  a  cherry- 
red  to  a  full-red  heat.  At  the  end  of  2^  hours  one  of  the  pieces 
of  hoop-iron  was  taken  out,  and  when  cold  the  iron  scale  examined. 
This  scale  was  easily  detached  from  the  surface  of  the  iron,  and  found 
to  consist  of  three  layers  : — ■ 

1.  Outer  layer.— Colour  reddish  grey-black  ;  lustre  dull,  and  in  some 
places  feebly  metallic ;  brittle,  very  thin,  and  raised  in  blisters  in  some 
places ;  not  attractable  by  the  magnet ;  colour  of  fine  powder,  purple 
red-brown. 

2.  Middle  layer. — Colour  greyish-black ;  lustre  metallic ;  fracture 
bright,  and  fibro-cry stall ino ;  the  fibres  arranged  transversely  to  the 
surfaces  ;  strongly  attractable  by  the  magnet :  powder  black ;  thickness 
about  yr  of  an  inch ;  it  forms  the  part  of  which  the  ironscale  is  chiefly 
composed. 

3.  Inner  layer, — Kesting  on  mid  in  contact  with  the  surface  of  the 
iron,  and  forming  a  thin,  black,  crystalline  layer,  covered  with  nume- 
rous minute  octahedral  crystals.  It  was  easily  detached  from  the  iron 
on  bending,  when  the  surface  of  the  iron  was  also  found  to  be  coated 
in  places  with  these  minute  crystals ;  tho  powder  was  black,  and  attract- 
able by  the  magnet,  but  less  so  than  No.  2. 

Portions  of  each  of  the  three  layers  were  carefully  separated  from 
each  other,  and  found  to  have  the  following  percentage  composition : — 

I.  II.  III. 

Outer  layer.     Middle  layer.  Inner  layer. 

Protoxide  of  iron   1-20  59- 19  73  81 

Sesquioxide  of  iron    98-80  40  51  26  19 

10000  10000  10000 

Iron%   .'   70-09  74  04  75 -74 

Formula    FeH)*     SFeKP  +  lOFeO       FVO*  +  OFeO 

or  or 
:{Fe80«  -f  7Fe<)       F<*0«  +  5F«0 

1  Berzeliu*.  Tr.  2.  p.  674. 
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The  experiment  was  continued,  the  heat  of  the  muffle  being  increased 
from  full-red  to  a  yellowish-white  heat ;  and  at  the  end  of  2  hours 
another  of  the  pieces  of  hoop-iron  was  taken  out,  and  the  scale  examined 
as  before.  It  consisted  of  three  layers,  resembling  in  physical  and 
external  characters  those  previously  described.  The  outer  and  middle 
layers  only  were  examined,  and  had  the  following  composition : — 

L  n. 

Outer  layer.  Middle  layer. 

Protoxide  of  iron   0  ■  09  52  •  0 1 

Seaquioxide  of  irou    98  63  47  •  07 

80-82  9968 

Ironu/Q    09-58  72  39 

Formula    Fe'O3        2Fe*0»  +  5FeO 

or 

2FeX)«  +  3Fe() 

The  furnace  was  now  allowed  to  cool  down,  and  on  the  following 
morning  the  remaining  pieces  of  iron  were  taken  out  of  the  muffle. 
The  inner  scale,  detached  from  one  of  the  pieces  of  hoop-iron,  had  the 
following  composition  : —  ^ 

Protoxide  of  iron   S3* 23 

Seaquioxide  of  iron   4 0  ■  77 

100  00 

Iron%    74-14 

Formula    2FeW  +  5FeO 

or 

2Fe»0<  +  3FeO 

The  scale  on  the  square  iron  bar  was  similar  in  external  characters 
to  that  previously  examined,  and  was  chiefly  composed  of  three  layers. 
The  outer  and  middle  layers  had  the  following  composition  : — 

L  II. 

OuUt  layer.  Middle  layer. 

I*mtnxidc  of  iron   0*32  4  0  •  94 

i>ea<iuioxide  ot  iron   99  08  59-00 

100- 00  100  00 

Iron%    70  02  73-18 

FomiulH    Fe*0»  2Fu*03  +  3FeO 

2>W  +  FeO 

Velvet  scale. — The  bar  of  iron,  at  the  end  which  had  been  exposed  to 
the  highest  temperature  at  the  back  of  the  muffle,  was  coated  with  a 
scale  about  T»c  of  an  inch  in  thickness,  which  had  a  velvet  lustre, 
inammillated  structure,  and  crystalline  fracture  ;  the  under  surface  was 
dull,  and  showed  imperfect  crystals ;  powder  reddish  dark-brown,  and 
entirely  taken  up  by  the  magnet   It  is  readily  soluble  in  hydrochloric 
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acid,  leaving  a  trace  of  flocculent  silica,  and  had  the  following  compo- 
sition per  cent. : — 

Protoxide  of  iron    10  73 

Sesquioxide  of  iron    89*27 

100- 00 

Iron  %    65-93 

Formula   4Fe,03  +  FeO 

or 

Fe>-0«  + 

A  piece  of  hoop-iron,  used  in  an  experiment  on  Dinas  brick,  on  with- 
drawal from  the  muffle,  was  found  to  be  completely  oxidized,  but  it 
still  retained  its  shape.  It  was  converted  into  a  black,  vitreous,  com- 
pact, brittle  scale ;  the  external  surface  had  a  feebly  metallic  lustre, 
and  the  powder  was  attractable  by  the  magnet.    It  had  the  following 


composition  : — 

Protoxide  of  iron    54*89 

Sesquioxide  of  iron    37  •  49 

Silica  (by  difference)   7  •  02 


100  00 


Iron%   68-94 


Ferric  acid.  FeOs. "—Fremy,  Denham  Smith,  and  H.  Kose  have  in- 
vestigated this  acid,  and  agree  as  to  its  formula.  It  is  not  known  in  an 
isolated  state.  Its  salts  are  characterised  by  an  intense  purplish  red 
colour.  Ferrate  of  potash  is  very  soluble  in  water,  to  which  it  communi- 
cates a  fine  violot  red  tint.  It  is  precipitated  by  excess  of  potass,  when 
it  appears  black.  The  solution  of  this  salt  spontaneously  decomposes, 
with  the  evolution  of  oxygen,  the  precipitation  of  sesquioxide  of  iron, 
and  the  liberation  of  potash ;  and  when  it  is  heated  to  boiling,  this 
reaction  is  instantaneous.  The  presence  in  it  of  finely  suspended 
matter,  such  as  sesquioxide  of  iron,  hastens  decomposition,  as  is  also 
the  case  with  oxygenated  water.  \\  hat  is  singular,  the  hypochlorites, 
according  to  Fremy,  render  ferrate  of  potass  more  stable— so  much  so, 
that  a  solution  of  this  salt  mixed  with  alkaline  hypochlorite  is  only 
very  slowly  destroyed  by  boiling.  Chlorine  in  excess  decomposes 
ferrate  of  potash,  and  so  does  ammonia,  which  disengages  nitrogen  and 
precipitates  sesquioxide  of  iron.  All  strong  acids  decompose  it,  the 
ferric  acid  being  instantly  resolved  into  oxygen  and  sesquioxide  of 
iron,  which  is  not  the  case  with  permanganate  of  potass. 

By  the  addition  of  hydrochloric  acid  to  ferrate  of  potash,  chlorine  and 
sesquichloride  of  iron  are  produced.  Organic  matters  decompose  it,  so 
that  a  solution  of  ferrate  of  potash  cannot  be  passed  through  a  paper 
filter.  Ferrate  of  potash  may  be  prepared  by  the  following  processes. 
A  Ilessian  crucible  containing  5  grammes  of  filings  of  pure  iron  is 


2  Recherchcs  sur  les  Acides  Me'tal- 
liijucs.  Par  M.  Ed.  Fremy.  Ann.  do 
Chim.  et  de  Phys.  1844,  12..  p.  364.  I 


have  freely  availed  myself  of  this  paper, 
nnd  adhered  as  far  as  practicable  to 
Froray's  language. 
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heated  to  redness,  when  10  grammes  of  the  powder  of  fused  nitre  are 
thrown  in ;  most  lively  action  immediately  occurs,  and  as  a  portion  of 
the  contents  is  thrown  out,  the  operation  requires  care ;  the  crucible 
is  then  covered  and  left  to  cool.    A  violet  red  mass  containing  a  large 
amount  of  ferrate  of  potass  is  thus  procured,  and  may  be  easily 
detached.    This  is  one  of  the  methods  recommended  by  Fremy,  who 
particularly  insists  upon  the  necessity  of.  following  precisely  the 
directions  here  given.    Mr.  Denhain  Smith  '"recommends  the  subjoined 
process  as  having  been  uniformly  successful  in  his  hands : — 44  Wash 
the  firri  sesquioxkium  of  the  shops  with  boiling  water  until  free  from 
sulphate  of  soda,  dry  and  ignite  at  a  low  red  heat ;  this  furnishes  a 
very  pure  oxide  of  iron  and  in  a  state  of  minute  division ;  one  part 
of  this  is  to  be  intimately  mixed  with  four  of  dried  nitre,  reduced  to 
fine  powder:  place  this  mixture  in  a  crucible  of  about  twice  the 
capacity  of  the  bulk  of  the  mixture,  lute  a  well-fitting  cover  on, 
making  a  few  small  holes  in  the  lute  to  allow  the  escape  of  gas,  and 
ignite  at  a  f>dl  red  heat  for  about  an  hour,  if  six  or  eight  ounces  are 
made :  the  time  of  ignition  depends  much  on  the  quantity  prepared, 
and  the  temperature  should  never  be  raised  above  a  full  red.   \N  hen  wel  1 
prepared  it  presents  the  appearance  of  a  dark  reddish-brown  porous 
mass,  rapidly  deliquescing  on  exposure  to  the  air,  so  that  I  have  found 
it  advantageous  to  powder  it  whilst  still  warm,  when  it  may  be  pre- 
served for  use  in  a  well-stoppered  bottle,  apparently  for  any  length  of 
time."    Ice-cold  water  is  recommended  to  be  used  in  dissolving  it. 
Ferrate  of  potash  resulting  from  the  action  of  nitre  upon  iron  is, 
according  to  Fremy,  always  mixed  with  some  |K)roxide  of  potassium, 
which  decomposes  immediately  the  mass  is  treated  with  water.  Fer- 
rate of  potass  is  formed  by  the  long  continued  heating  of  a  mixture  of 
potash  and  oxido  of  iron  in  a  current  of  air,  or,  better  still,  of  oxygen  ; 
by  exposing  a  mixture  of  peroxide  of  potassium  and  sesquioxide  of  iron 
to  a  red  heat  in  an  iron  crucible  ;  and  by  calcining  in  an  iron  crucible 
a  mixture  of  sesquioxide  of  iron,  nitre,  and  potash.    It  may  be  mado 
in  the  wet  way  by  passing  chlorine  not  too  rapidly  through  a  strong 
solution  of  potass  containing  hydrated  sesquioxide  of  iron  in  suspension. 
Fragments  of  potass  should  be  added  from  time  to  time,  as  the  ferrate 
forms  only  in  very  alkaline  solutions.    The  liquor  becomes  hot,  and  a 
considerable  quantity  of  oxygen  is  evolved.    Ferrate  of  potash  has 
been  obtained  by  Poggendorff  in  microscopic  crystals  on  a  plate  of  cast 
iron  immersed  in  a  solution  of  1  part  of  potash  and  4  parts  of  water, 
and  employed  as  the  positive  electrode  in  a  current  from  six  cells  of  ' 
Grove's  battery,  a  plate  of  platinum  being  used  as  the  negative  elec- 
trode-   The  platinum  is  contained  within  a  porous  cell  rilled  with 
solut  ion  of  potash  and  depressed  in  the  first-named  solution.  Ferrate 
of  soda  may  be  easily  produced  by  this  process,  but  not  by  the  dry 
method;  it  is  not  precipitated  by  excess  of  soda.   Its  solution  is  red,  and 
closely  resembles  ferrate  of  potash.    Ferrate  of  baryta  is  precipitated 
by  the  addition  of  nitntte  of  baryta,  or  chloride  of  barium,  to  a  solution 


»  Phil.  Mug.  1843,  23.  p.  219. 
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of  ferrate  of  potash  ;  it  has  a  fine  purplish-red  colour,  is  insoluble  in 
water,  and  is  muck  more  stable  than  the  soluble  ferrates.  It  mav  be 
boiled  for  some  time  in  water  without  decomposing.  Organic  matters 
act  but  slightly  upon  it,  and  it  may  even  be  washed  on  a  paper  filter. 
Strong  acids  destroy  it,  forming  salts  of  iron  and  baryta,  and  liberating 
oxygen.  Dilute  acetic  acid  dissolves  it,  yielding  a  fine  red  solution, 
the  colour  of  which  disappears  on  the  application  of  heat,  acetate  of 
sesquioxide  of  iron  being  produced  and  oxygen  set  free.  Ferrate  of 
potash  yields  no  precipitate  with  salts  of  strontia,  lime,  or  magnesia. 
It  is  decomposed  by  salts  having  metallic  oxides  as  bases,  which  are 
capable  of  passing  to  a  higher  degree  of  oxidation,  such  as  man- 
ganese, nickel,  cobalt,  etc.,  higher  oxides  of  those  metals  being  thrown 
down.  Mr.  Denham  Smith  obtained  enierald-green  solutions  of  stilts 
of  potash  and  soda,  in  which  he  supposed  the  iron  was  in  a  lower  state 
of  oxidation  than  in  ferric  acid.  A  less  proportion,  about  half,  of 
nitrate  of  potash  appeared  to  bo  the  condition  favourable  to  the 
production  of  the  green  salt,  which  was  much  more  stable  than  the 
ferrate,  and  remained  after  the  destruction  of  the  latter  by  boiling. 

Fremy  was  the  first  to  recognize  distinctly  the  nature  of  feme  acid, 
though  it  had  been  known  long  before  that  the  product  of  the  action 
of  nitre  on  iron  at  a  red  heat  communicated  a  deep  red  colour  to 
water.  Stahl,  it  is  stated,  was  aware  of  this  fact.4  In  the  excellent 
translation  by  Dr.  Lewis  of  the  fine  old  German  work  on  Chemistry 
by  Neumann  is  the  following  note  by  the  translator  : — 44  Iwn  with  Nitre. 
A  part  of  the  Iron  is  thus  rendered  soluble  in  water  along  with  the 
alcalized  Salt.  A  mixture  of  equal  parts  of  Iron  filings  and  Nitre, 
injected  into  a  strongly  heated  crucible,  and,  after  the  detonation, 
thrown  into  water,  tinges  the  liquor  of  a  violet  or  purplish-blue 
colour.  This  solution,  however,  is  not  permanent.  Though  the  liquor 
at  first  passes  through  a  filter  without  any  separation  of  the  Iron,  yet, 
on  standing  for  a  few  hours,  the  metal  falls  to  the  bottom  in  form  of  a 
brick  coloured  powder.  It  is  pretty  singular,  that  volatile  alcalies 
instantly  precipitate  the  Iron  from  this  fixed  alcaline  solution."4 

Ikon  and  Water. 

At  the  ordinary  temperature  water  has  no  action  upon  iron,  even 
in  the  most  finely  divided  state,  provided  air  be  excluded  ;  but  the 
pulverulent  metal  decomposes  water  far  below  1<J0°C.  Experiments 
on  this  point  have  been  made  by  Mr.  Dick  in  my  laboratory.  It  was 
found  that  with  iron  reduced  from  sesquioxide  by  hydrogen  at  a  low 
temperature  decomposition  begins  at  55°  ('.,  and  that  the  action  in- 
creases as  the  temperature  rises.  Hydrogen  is  evolved  and  magnetic 
oxide  of  iron  formed.    Iron  thus  reduced,  which  was  ascertained  to  be 


4  Gmelin,  Handb.  5.  p.  2G5.  I  the  latest  discoveries  mid  improvement* 

4  The  Chemical  Works  of  Caspar  Neu-    made  in  Chemistry  and  theurtw  deluding 

mann,  M.D.,  Professor  of  Chemistry  at    thereon.    Hy  William  Lewis,  M.1J.,  F.K.S. 

Berlin,  F.R.S.,  etc.    Abridged  and  me-    London,  1749,  4to.  p.  73. 

thodized,  with  largi-  additions,  containing 
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perfectly  free  from  oxide,  was  boiled  in  water,  and  the  product  ob- 
tained was  shaken  with  a  perfectly  neutral  solution  of  chloride  of 
copper  (CnCl )  and  chloride  of  sodium.    Some  metallic  iron  which  had 
escaped  oxidation  dissolved,  and  there  remained  a  black  substance, 
which  was  attracted  by  the  magnet,  and  dissolved  without  efferves- 
cence in  hydrochloric  acid,  yielding  a  solution  of  protochloride  and 
sesquichloride  of  iron.    The  solution  above  mentioned  may  be  con- 
veniently employed  to  determine  whether  reduction  by  hydrogen  is 
complete  ;  as  the  product  readily  and  wholly  dissolves  when  free  from 
oxide,  which  is  insoluble  in  this  solution.    Iron  reduced  by  hydrogen 
was  found  on  the  application  of  heat  to  decompose  water  in  the  pre- 
sence of  potash  and  ammonia. 

In  order  to  demonstrate  that  water  at  the  ordinary  temperature  has 
no  action  on  iron  when  air  is  excluded,  the  following  experiment  was 
made  by  Mr.  Dick.  A  current  of  pure  hydrogen  was  passed  through  a 
glass  tube  drawn  out  at  both  ends,  and  containing  a  clean  bright  strip 
of  iron  together  with  some  distilled  water  previously  boiled.  The 
tube  was  then  hermetically  sealed,  and  first  at.  the  end  furthest  from 
the  gas  generator.  This  was  done  in  April,  and  not  the  slightest  indi- 
cation of  rust  was  noticed  in  October  following,  nor  indeed  for  a  year 
or  two  afterwards.  When  iron  is  exposed  to  the  conjoint  action  of  air 
and  aqueous  moisture  at  ordinary  temperatures,  oxidation  or  rusting 
occurs  ;  but  not,  it  would  seem,  unless  there  is  actual  deposition  of 
liquid  water  upon  the  surface  of  the  metal.  In  the  Museum  of 
Practical  Geology  are  numerous  specimens  of  iron,  which  have  been 
exposed  in  glass  cases  during  the  last  12  years;  and  though  the  cases 
have  been  frequently  opened,  the  fractured  surfaces  are  as  bright  as 
they  were  when  first  produced.  The  Museum  is  heated  by  hot  water, 
and  the  condensation  of  moisture  upon  these  objects  lias  been  thereby 
effectually  prevented.  It  is  oxygen  in  solution  in  water  which  appears 
to  determine  rusting  in  the  first  instance ;  but  when  the  action  is 
once  commenced,  it  proceeds  in  moist  air  without  the  further  depo- 
sition of  water.  The  presence  of  various  foreign  matters,  even  in 
minute  proportion,  such  as  sulphuretted  hydrogen,  chlorine,  hydro- 
chloric and  acetic  acids,  induces  rusting  in  moist  air,  though  no 
liquid  water  may  come  in  contact  with  the  surface  of  the  metal ;  but 
carbonic  acid  in  small  quantity  and  ammonia  are  stated  to  be  without 
action  in  this  respect.6  It  is  asserted  that  the  rust  of  iron,  which  is 
hydrated  sesquioxide,  always  contains  ammonia,  and  this  is  explained 
by  the  decomposition  of  water  due  to  the  contact  of  the  oxide  and 
metallic  iron,  the  oxygen  combining  with  the  latter,  and  the  hydrogen, 
in  part  at  least,  combining  in  the  nascent  state  with  the  nitrogen  of 
the  air.  But  if  hydrated  sesquioxide  of  iron  have  any  special  power 
of  retaining  ammonia,  or,  as  Herzelius  alleges,  of  combining  with  it, 
then,  in  order  to  establish  the  formation  of  this  alkali  in  the  manner 
described,  it  must  be  shown  that  rust  of  iron  has  not  absorbed  it  from 
the  atmosphere  which  invariably  contains  it.    When  iron  is  immersed 


Botiailorff,  Repertoire  dc  Chimie,  4.  p.  171.    Quoted  from  the  Ann.  <lcr  Cliem. 
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to  some  depth  in  water,  of  which  the  surface  is  exposed  to  the  air, 
black  hydrated  magnetic  oxide  is  produced ;  because,  according  to 
Wohler,  the  atmospheric  oxygen  in  this  case  slowly  reaches  the  metal 
through  the  medium  of  the  water,  and  the  hydrated  sesquioxide  as  it 
is  slowly  generated  induces  the  iron  to  decompose  water  and  form 
protoxide  of  iron,  with  which  the  sesquioxide  combines.  This  may  be 
an  explanation,  but  it  appears  to  mo  to  be  scarcely  more  than  an  ex- 
pression of  the  fact.  Aqueous  solutions  of  potash,  soda,  and  ammonia 
have  been  found  to  preserve  iron  from  rusting,  provided  they  be  not 
too  dilute.  Payen  states  that  1  part  by  measure  of  water  saturated 
with  hydrate  of  potash  at  22°  C.  suffices  to  communicate  this  protective 
action  to  2000  parts  by  measure  of  water ;  and  that  the  same  is  true  of 
a  solution  consisting  of  1  part  by  measure  of  a  saturated  solution  of 
carbonjite  of  soda  diluted  with  any  number  of  parts  by  measure  of 
water  not  exceeding  54.  The  alkali  loses  its  protective  power  when 
converted  into  bicarbonate.  According  to  Hall,  water  containing 
even  not  more  than  ^  of  its  volume  of  lime-water  preserves  iron  from 
rusting.7  It  is  stated  that  ,  in  the  absence  of  atmospheric  air,  carbonic 
acid  in  solution  in  water  dissolves  iron  with  the  disengagement  of 
hydrogen  gas.  Carbonate  of  protoxide  of  iron  is  formed  and  retained 
in  solution  by  excess  of  carbonic  acid  ;  and  when  this  is  driven  off,  it 
is  precipitated  and,  with  access  of  air,  is  gradually  converted  into 
hydrated  sesquioxide  of  iron.8 

C.  von  llauer  found  that  by  passing  a  current  of  carbonic  acid 
during  several  hours  through  water  at  the  ordinary  pressuro  of  the 
atmosphere,  in  which  very  finely  divided  iron  was  suspended,  such 
as  is  produced  by  heating  to  redness  oxalate  of  protoxide  of  iron 
or  by  reducing  oxide  of  iron  by  hydrogen,  the  solution  contained 
0*09  l°/o  carbonate  of  protoxide.  This  solvent  action  appeal's  to  be 
prevented  by  the  presence  of  alkaline  carbonates  * 

Zinc,  in  contact  with  iron,  retards  lusting ;  and  tin,  on  the  contrary, 
promotes  it.  The  late  Mr.  Kichard  Phillips  infoimed  me  that  he  had 
made  precise  comparative  experiments  confirming  this  statement,  by 
exposing  to  the  conjoint  action  of  air  and  water  sheets  of  iron  coated 
respectively  with  zinc  and  tin,  and  partially  denuded  by  scraping  so 
as  to  lay  bare  a  clean  surface  of  iron. 

The  common  practice  adopted  in  order  to  preserve  polished  iron 
bright  is  to  smear  the  surface  with  sweet  oil  or  fatty  substances,  or  to 
apply  a  coating  of  some  kind  of  varnish.  Many  years  ago  a  friend, 
who  was  engaged  in  the  manufacture  of  highly  polished  rolls  for 
exportation,  informed  me  that  soveral  had  been  returned  upon  his 
hands  in  consequence  of  having  been  delivered  in  a  rusty  state,  and 
that  he  had  lost  in  carriage  only  not  an  inconsiderable  sum.  He  had 
taken  the  precaution  to  coat  them  well  with  fat  and  afterwards  wrap 
them  carefully  in  matting;   and  yet  rusting  occurred.    We  tried 


7  (imolin,  Handb.  5.  p.  185.  I  havo  8  (Jolfitr-Bewscvre,  L.  u.  K.  Jahresb. 
not  consult**!  the  original  authorities  for    1851,  p.  H.">8. 

the  statements  immediately  preceding.         »  h.  u.  K.  Jalineb.  18t;o,  p.  lsii. 
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several  experiments  together  on  this  subject,  and  found  common  rosin 
melted  with  a  little  Gallipoli  oil  and  spirits  of  turpentine,  to  answer 
well  as  a  protective  application.  The  proportions  should  be  such 
as  to  form  a  coating,  which  will  adhere  firmly,  not  chip  off,  and 
yet  admit  of  being  easily  detached  by  cautious  scraping.  I  do  not 
remember  what  these  proportions  are,  but  they  may  be  speedily  found 
by  experiment.  The  mixture  proved  an  effectual  preventive  of  rust 
during  long  sea  voyages,  and  no  further  loss  was  sustained  by  my 
friend.  The  method  may,  for  aught  I  know,  have  been  long  previously 
in  use  ;  and  my  only  motive  in  now  publishing  it  is,  that  it  may  still  be 
unknown  to  some  persons  who  may  apply  it  to  their  own  advantage.1 

At  a  red  heat  or  higher  temperatures  iron  decomposes  water  with 
rapidity,  hydrogen  being  evolved  and  magnetic  oxide  (Fe*04)  in  small 
octahedral  crystals  produced.  I  havo  seen  beautifully  crystallized 
magnetic  oxide  formed  by  this  process  mider  some  accidentally 
favourable  conditions.  The  higher  the  temperature  the  finer  are  the 
ciystals,  provided  the  current  of  steam  be  not  too  strong,  and  carefully 
regulated. 

Iron  and  Sulphur. 

Iron  has  a  strong  affinity  for  sulphur.  Combination  between  these 
elements  takes  place  at  a  red  heat,  and  is  attended  with  bright  incan- 
descence. A  very  beautiful,  though  common,  experiment  is  to  heat  a 
bar  of  iron  in  a  smith's  fire  until  it  begins  to  bum  with  the  emission 
of  sparks,  then  to  withdraw  it  and  touch  it  with  a  roll  of  sulphur, 
which  causes  it  to  glow  most  vividly  and  immediately  to  melt  into 
drops  of  sulphide.  There  are  several  definite  sulphides  of  iron.  The 
following  experiments  have  been  made  in  my  laboratory  with  respect 
to  the  direct  formation  of  sulphide  of  iron  in  the  wet  way.  The  mix- 
tures were  enclosed  in  hermetically  sealed  glass  tubes,  and  examined 
long  afterwards.  Iron  filings  in  a  solution  of  polysulphide  of  potassium 
were  washed  with  water  and  dissolved  completely  in  hydrochloric  acid, 
evolving  only  a  trace  of  sulphuretted  hydrogen. 


1  "  Strange  Accident  in  Tttrttmouth  Dock-  w  it  I  r  into  the  roadway.     The  tank  vm 

yard  —  In  the  north-east  portion  of  Torts-  built  tip  of  cast-iron  flanged  pint*  *,  fastened 

mouth  Dockyard,  and  exactly  opposite  the  together  with  Ijolts,  nut*,  screws,  etc.,  in 

«rn»un<Ls  which  enclose  the  residence  of  the  the  usual  manner.    Some  of  the  plans 

Admiral-Superintendent,  is  a  large  iron  have  hcen  separated  at  the  fastenings,  tlie 

t*lt- water  tank,  standing  on  lolly  iron  nuts  having  been  torn  off  the  screw  ends 

columns  over  some  stores  of  oak  planking,  of  the  bolts  by  the  pressure  of  the  water. 

It  is  100  ft.  long,  40  ft.  wide,  and  5  ft.  In  other  instances  the  iron  plates  have 

deep,  aud  is  kept  filled  with  salt  water  to  been  broken  through  diagonally,  like  j>ot- 
assist  in  quenching  any  fire  which  might  1  tery-ware.    The  weight  of  the  water  in 

break  out  in  its  neighbourhood.  AI>out  the  mnk  was  calculate  at  890  tons,  and 
half-past  eleven  on  Wednesday  cv.  niug  an  ,  the  pressure  against  the  side  of  the  tank 

alarm  was  given  that  it  had  burst,  and  which  lias  given  way  at  about  f>0  tons, 

that  the  water  which  rushed  out  was  com-  An  inspection  of  the  broken  parts  of  the 

mitting  gn-at  ravages  upon  the  roadways  tank  disclosed  the  somewhat  extraordinary 

and  the  Admiral-Superintendent  8  grounds  fact  that  the  wrought-iron  tie-rods  in  the 

and  gardens  adjoining.    It  was  found  on  interior  of  the  tank  were  very  much  eaten 

examination  that  about  70  ft.  of  the  iron  away  at  their  Junction  with  "the  cast-iron 
plates  forming  one  side  of  the  tank  had  plates,  where  they  had  lx«n  submerged  in 
given  way,  and  had  been  hurled  with  the   the  salt  water."—  Timet,  June  19,  1868. 
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A  strip  of  clean  sheet-iron  was  immersed  in  a  solution  of  poly- 
snlphide  of  potassium  (Feb.  1 1,  1853),  and  the  mouth  of  the  bottle  was 
tied  down  with  sheet  indiarubber  to  exclude  air.  In  January,  1863, 
the  bottle  was  opened,  when  the  following  changes  were  found  to  have 
occurred :  — Tale  yellow,  semi-transparent  crystals  of  sulphur  had  col- 
lected at  the  bottom  of  the  solution.  The  iron  was  coated  with  a  sub- 
stance which  externally  had  a  black,  dull,  and  mainmillated  appearance  ; 
on  bending  the  iron  it  was  found  to  be  nearly  corroded  through,  except 
a  thin  portion  in  the  centre,  and  converted  into  a  compact,  feebly 
metallic,  bronze-coloured  sulphide,  not  attractable  by  the  magnet.  The 
outer  black  film  was  carefully  removed,  the  sulphide  washed  rapidly 
with  water,  dried  between  bibulous  paper,  and  examined  by  Mr.  Smith. 
The  powder  is  black,  but  changes  slowly  to  brown  when  kept  in  a 
closed  glass  tube.  It  is  slowly  acted  upon  when  digested  with  cold 
water,  but  hot  water  dissolves  out  quickly  an  alkaline  sulphide.  It  is 
decomposed  by  hydrochloric  acid,  with  the  evolution  of  sulphuretted 
hydrogen,  and  the  separation  of  a  small  quantity  of  sulphur.  Dried  at 
about  110°  C,  it  lost  5-00°/o  of  water,  and  the  powder  appeared  to  be 
unchanged.    It  contained,  per  cent. : — 

I.  II.      Calculated  dried  at  C. 

Iron   52-68  52 -GO  55  41 

Sulphur    29-00  ..  31-48 

Supposing  the  iron  and  sulphur  to  exist  as  protosulphide  of  iron, 
o")-41  of  iron  would  require  31-04  of  sulphur  to  form  FeS.  Potassium 
was  also  found  to  be  present.  Owing  to  the  small  amount  of  sub- 
stance collected,  no  further  examination  could  be  made;  and  as  pow- 
dered fused  sulphide  of  iron  is  acted  upon  by  boiling  in  solution  of 
potash  with  the  formation  of  alkaline  sulphide,  it  is  doubtful  in  what 
form  the  potassium  exists. 

A  strip  of  bright  iron  which  had  been  immersed  in  a  solution 
of  hyposulphite  of  soda  (NaO,  8*0*)  was  quite  black.  Hydrochloric 
acid  dissolved  the  black  coating  with  the  evolution  of  sulphuretted 
hydrogen,  so  that  sulphide  of  iron  had  been  produced.  Sesquioxide 
of  iron  in  the  stato  of  red  haematite  in  coarse  and  fine  powder  had 
undergone  no  change. 

Lowest  ndphkk,  FeHS.— This  low  sulphide  has  been  received  on  the 
authority  of  Arfvedson.  who  describes  it  as  a  blackish  grey  powder, 
which  rubbed  against  a  hard  substance  produces  a  grey  metallic  streak. 
It  contains  Vr()l°/0  of  sulphur.  The  gas  evolved  from  it  by  the  action 
of  dilute  acids  consists  of  7  volumes  of  hydrogen  to  1  of  sulphuretted 
hydrogen.  It  is  made  by  passing  hydrogen  over  disulphate  of  sesqui- 
oxide of  iron  (2Fe*Oa,  SO"),  heated  to  redness  :  water,  sulphurous  acid, 
and  a  large  quantity  of  sulphuretted  hydrogen  escape.  Sulphur  should 
also  result  from  the  reciprocal  action  of  the  last  two  of  these  products. 

Bisulphide  of  iron.  Fe*S.— This  was  also  discovered  by  Arfvedson. 
In  external  characters  it  exactly  resembles  the  last  sulphide,  and  is 
prepared  in  the  same  manner  by  substituting  anhydrous  sulphate  of 
protoxide  of  iron  for  di  ulphate  of  sesquioxide.    It  is  strongly  attracted 
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by  the  magnet.  It  dissolves  in  dilute  acids  with  the  evolution  of 
hydrogen  and  sulphuretted  hydrogen  in  equal  volumes.  15oth  this 
and  tho  former  sulphide  when  heated  to  redness  in  a  current  of  sul- 
phuretted hydrogen  are  converted  into  a  higher  sulphur  of  tho  same 
composition  as  native  magnetic  pyrites. 

Protwulphide  of  iron.    FeS. — This  sulphide  may  be  formed  by  heating 
together  sulphur  and  iron.    It  may  be  made  on  a  large  scale  by  heating 
thin  wrought-iron  scrap  to  redness  in  crucibles  and  dropping  in 
sulphur  from  time  to  time,  taking  care  to  prevent  access  of  air  as 
much  as  possible.    The  waste  scrap  which  is  largely  produced  in 
Birmingham   by  button-makers   is  extremely  suitable   and  indeed 
extensively  used  for  the  purpose.    It  consists  of  thin  sheet -iron  riddled 
with  holes  punched  out  in  making  44  button  blanks."    It  is,  however, 
not  easy  to  prepare  a  definite  protosulphide  by  this  process,  even  by 
re-melting  with  sulphur.    It  is  apt  to  contain  an  excess  of  iron,  nnd, 
therefore,  by  the  action  of  dilute  acids  to  evolve  free  hydrogen  in  addi- 
tion to  sulphuretted  hydrogen.    To  prevent  this  excess,  it  is  recom- 
mended that  the  temperature  at  which  the  process  is  conducted  should 
not  be  sufficient  to  melt  the  sulphide  after  its  formation.    In  this  case 
hoop  or  sheet-iron  of  some  thickness  must  be  used,  in  order  that  when 
cold  the  scale  of  sulphide  adherent  to  the  metal  may  be  detached  by 
bending  the  latter  backwards  and  forwards.    If.  on  the  contrary,  there 
is  excess  of  sulphur,  a  sulphide  of  iron  is  obtained,  which  on  solution 
in  dilute  acids  yields  a  residue  of  sulphur.'    Protosulphide  of  iron  pie 
tared  by  Mr.  Hochstiitter  in  my  laboratory,  according  to  the  directions 
of  Berzelius.  contained  00*6!%  of  iron,  U.  3%  less  than  definite  proto- 
sulphide;  the  powder  was  feebly  attracted  by  the  magnet.    On  tin- 
other  hand,  protosulphide  made  by  Mr.  Weston  also  in  my  laboratory 
in  the  usual  manner  contained  70-1%  of  iron,  i.e.  6*5%  more  than 
definite  protosulphide;  the  powder  was  not  attracted  by  the  magnet. 
Mr.  Hochstiitter  prepared  sulphide  of  iron  containing  i\'2-'.V2  °/0  of  iron, 
by  dropping  sulphur  on  thin  hoop-iron  heated  to  bright  redness  in  a 
crucible,  and  allowing  the  product  to  cool  therein.    The  product  was 
finely  pulverized,  and  rernelted  with  excess  of  sulphur,  and  again 
left  to  cool  in  the  crucible;  and  this  second  product  was  again  treated 
in  a  similar  manner.    Mr.  Weston  poured  the  molten  sulphide  into 
an  ingot-mould,  whereby,  no  doubt,  loss  of  sulphur  was  oceasioned. 
Protosulphide  of  iron  is  left  when  bisulphide  of  iron  (FeS*)  is  exposed 
to  a  strong  red  heat  in  a  covered  crucible,  half  of  the  sulphur  being 
driven  off.    It  may  be  formed  by  suitably  heating  together  bisulphide 
of  iron,  which  is  found  abundantly  in  nature,  and  metallic  iron  in  tho 
right  proportions;  and,  when  it  is  only  required  for  the  generation 
of  sulphuretted  hydrogen  intended  for  tho  precipitation  of  certain 
metals  from  solution,  this  method  may  be  conveniently  adopted  on  the 
score  of  economy.    Sulphuretted  hydrogen  is  largely  consumed  with 
this  object  in  certain  metallurgical  processes,  and  as  the  presence  of 
free  hydrogen  does  not  interfere  with  its  action,  it  is  immaterial 
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whether  the  sulphide  of  iron,  from  which  it  is  prepared,  is  very- 
definite  in  constitution  or  not. 

Thus  prepared,  protosulphide  of  iron  is  very*  brittle,  uneven  in 
fracture,  coarsely  granular  in  structure  and  not  crystalline,  dark 
bronzy  grey  in  colour,  very  feebly  metallic  in  lustre,  aud  not  attracted 
by  the  magnet.  It  fuses  at  a  red  heat,  and  when  melted  is  very- 
liquid,  but  does  not,  like  galena,  permeate  the  substance  of  clay 
crucibles.  It  is  fixed  aud  undecomposable,  if  air  be  excluded,  at  the 
highest  temperatures.  In  dry  air  it  suflers  no  change,  but  in  moist  air 
absorbs  oxygen  with  the  development  of  much  heat,  and  is  slowly 
converted  into  sulphate  of  protoxide  of  iron.  It  readily  dissolves  in 
dilute  acids  with  the  evolution  of  sulphuretted  hvdrocen. 

Protosulphide  of  iron  is  precipitated  as  a  black,  amorphous,  floc- 
culent  substance  by  the  addition  of  sulphide  of  ammonium  or  mono- 
sulphide  of  potassium  or  sodium  to  neutral  aqueous  solutions  of  proto- 
salts  of  iron.  It  is  not  redissolved  by  an  excess  of  the  precipitant  ; 
yet,  under  certain  conditions,  a  deep  green  transparent  liquor  is  pro- 
duced, which,  on  standing  a  short  time,  loses  its  green  colour  and 
deposits  black  flocks  of  protosulphide.  Thus,  in  the  preparation  of 
artificial  ultramarine,  in  washing  on  a  filter  the  'product  obtained  in 
the  first  in-<ance  in  the  usual  manner  by  heating  a  mixture  of  kaolin, 
carbonate  of  soda,  and  sulphur,  a  deep  green,  bright  solution  passes 
through,  which  soon  afterwards  acquires  the  brownish  yellow  colour 
characteristic  of  a  solution  of  alkaline  sulphide  containing  more 
sulphur  than  monosulphide.  Bunsen  in  his  admirable  paper  on  the 
Pseudo-volcanic  Phenomena  of  Iceland  particularly  notices  this  fact. 
44  No  one,"  he  writes,  44  who  is  familiar  with  analytic  investigations 
can  be  ignorant  of  the  facility  with  which  these  bodies  i  alkaline  poly- 
sulphides]  dissolve  slight  traces  of  protosulphide  of  iron  with  a  green 
tint,  and  then  again  are  able  to  deposit  it  under  peculiar  circum- 
stances."8 The  green  solution,  however,  has  been  supposed  by  II.  lfose 
to  contain  a  sulphide  of  iron  of  a  much  higher  degree  of  Milphuration 
than  protosulphide  of  iron.  Perhaps  this  solvent  action  may  one  day 
tend  to  explain  the  occurrence  of  gold  in  a  state  of  fine  division  in 
certain  varieties  of  iron-pyrites,  which  there  is  reason  to  suppose  have 
been  deposited  from  solution,  the  sulphide  of  gold  being,  as  is  well 
known,  a  powerful  sulphur  acid  which  forms  soluble  salts  with  alkaline 
sulphides.  Precipitated  protosulphide  of  iron  is  described  as  a  hydrate, 
but  I  am  not  aware  whether  the  existence  of  such  a  definite  compound 
has  been  established.  The  same  variety  of  sulphide  is  formed  by  the 
action  of  sulphuretted  hydrogen  water  or  aqueous  solutions  of  alkaline 
polysulphides  on  metallic  iron,  or  by  the  admixture  of  iron  filings, 
sulphur,  and  water.  The  old  so-called  artificial  volcanoes  of  Lemery 
were  made  by  burying  such  a  mixture  in  large  quantity  at  a  slight 
depth  below  the  surface  of  the  ground.  After  the  lapse  of  several 
hours  the  mass,  it  is  stated,  may  become  incandescent.  A  mixture  of 
iron  filings  and  sulphur  moistened  with  water  absorbs  oxygen  with 
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great  rapidity,  sulphate  of  protoxide  of  iron  being  formed.  It  was 
such  a  mixture  that  Scheele  used  in  his  experiments  on  the  composition 
of  atmospheric  air.  It  is  also  produced  by  contact  of  organic  matters, 
such  as  leaves,  etc.,  with  a  solution  of  sulphate  of  protoxide  of  iron.  It 
oxidizes  rapidly  when  exposed  to  the  air,  with  the  formation  of  hydrated 
sesquioxide  of  iron,  water,  and  some  sulphuric  acid,  and  the  liberation 
of  sulphur.  The  action  is  energetic,  and  is  attended  with  the  evolution 
of  so  much  heat,  that  when  the  mass  is  considerable,  inflammation,  it 
is  stated,  may  take  place.  As  might  be  anticipated,  it  dissolves  much 
more  rapidly  in  dilute  acids  than  the  sulphide  prepared  by  the  dry 
way.  It  decomposes  the  salts  of  cadmium,  lead,  copper,  and  silver, 
converting  these  metals  into  sulphides.4 

When  protosulphide  of  iron  is  strongly  heated  with  metallic  iron, 
well  melted  apparently  homogeneous  products  are  obtained,  contrary 
to  what  might  have  been  inferred  from  the  results  of  similar  experi- 
ments with  disulphide  of  copper  and  metallic  copper.  Sulphide  of 
iron  was  prepared  by  heating  together  thin  sheet  iron  and  sulphur ; 
the  compound  was  not  attracted  by  the  magnet  in  the  slightest  degree, 
and  had  precisely  the  same  appearance  as  defuiite  protosulphide, 
though  it  was  found  to  contain  only  29*9%  instead  of  30-36%  of  sul- 
phur, the  proportion  in  protosulphide.  Its  composition  might,  therefore, 
be  represented  by  the  formula  Fe2S-f  2FeS.  The  following  experiments 
were  made  of  melting  together  under  plate  glass  in  a  clay  crucible  fine 
iron  wire  cut  into  short  pieces  with  this  sulphide  of  iron  : — 

1.  Iron  wire    1920  grains. 

Sulphide  of  iron  iu  powder  containing  2!)  •  9%  of  sulphur   900    , , 

A  well  melted  product  was  obtained  with  some  black  vitreous  slag  on 
the  top :  it  was  highly  crystalline  and  appeared  homogeneous  through- 
out ;  the  loss  in  weight  was  80  grains.  If  there  had  been  no  loss,  it 
would  have  contained  9-9(3  of  sulphur. 

2.  In>n  wire    H40  grains. 

Sulphide  of  iron  (sumo  as  used  in  the  first  experiment)     1440    , , 

The  product  was  well  melted,  covered  with  black  slag,  and  crystalline 
like  the  preceding,  though  not  in  a  less  degree ;  the  loss  in  weight 
was  100  grains.  If  there  had  been  no  loss,  it  would  have  contained 
14*95%  of  sulphur.  In  neither  case  was  there  any  indication  of  sepa- 
ration into  two  layers.  Thus  sulphide  of  iron  seems  to  dissolve  in  iron 
in  very  variable  proportions. 

Protosulj)hkk  of  iron  exposed  to  the  action  of  hydrogen  at  a  hiijh  temperature, 
— It  is  not  decomposed  when  heated  in  hydrogen. 

Protosidphide  of  iron  exposed  to  the  action  of  the  vapour  of  icater  at  a  high, 
temperature. — Heated  to  redness  in  a  current  of  steam,  it  is  decomposed 
with  much  greater  energy  than  disulphide  of  copper  ;  hydrogen  in 
large  quantity  and  sulphuretted  hydrogen  are  disengaged,  and  a 
black  substance  remains  which  is  partially  attracted  by  the  magnet. 
IJegnauk  found  that  in  operating  upon  4  grammes  (about  fiO  gTains) 
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in  a  glass  tube  during  3  hours  only  half  tho  sulphur  was  removed. 
The  free  hydrogen  results  from  the  decomposition  of  the  water  b}'  the 
protoxide  of  iron  formed  in  the  first  stage  of  the  reaction.5 

Protosulphide  of  iron  heated  with  carbon.— Heated  very  strongly  in  con- 
tact with  charcoal,  it  parts  with  a  small  quantity  of  sulphur,  which 
probably  escapes  in  the  state  of  bisulphido  of  carbon.8  The  following 
experiments  on  this  subject  have  been  made  by  Mr.  Ilochstatter  in  my 
laboratory.  The  protosulphide  of  iron  operated  on  was  the  same  as 
referred  to  in  p.  31,  and  contained  (50 •03%  of  iron,  i.e.  3%  less  than 
in  the  definite  compound  FeS.  Of  this  sulphide  250  grains  were  heated 
under  a  layer  of  powdered  charcoal,  in  a  covered  brasqued  crucible,  to 
strong  whiteness,  during  '1\  hours.  Tho  button,  which  had  been  per- 
fectly molted,  weighed  230  grains ;  it  had  a  dark  bronze-coloured  crys- 
talline fracture,  was  magnetic,  and  dissolved  readily  in  hydrochloric 
acid,  with  copious  evolution  of  sulphuretted  hydrogen.  At  the  bottom 
of  this  button  there  was  a  globule  which  weighed  12  grains,  and  had 
the  following  characters  : — It  was  hard,  brittle,  silver-white  in  frac- 
ture, and  strongly  magnetic ;  it  partially  dissolved  in  strong  boiling 
hydrochloric  aeid,  sulphuretted  hydrogen  and  hydrogen  being  libe- 
rated, and  a  black  powder  remaining.  This  powder  was  boiled  with 
nitro-hydrochloric  acid,  when  a  white  powder  was  obtained  which  dis- 
solved completely  by  boiling  in  a  solution  of  carbonate  of  soda,  and 
which  therefore  was  silica.  The  experiment  was  repeated  twice,  when 
the  same  products  were  obtained.  The  large  buttons  and  small  globules 
from  each  experiment  were  examined  analytically,  and  tho  results  were 
as  under :— 


No.  or 

expcri- 

Weight  of 
proUwulphide 
t&ken. 

Weight 
Of  button 

with  globule. 

Weight  or 
globule. 

Loss 
of  Wright 
per  cent. 

Composition  of  button 
jKsr  cent. 

Iron 
per  cent,  in 
globule. 

Iron. 

Sulphur. 

gT8. 

gre. 

grs. 

I 

•250 

2:10 

12 

8 

66  04 

not  deter. 

87  26 

2 

200 

1057 

not  weighed 

175 

66*11 

do. 

not  determ. 

3 

160 

144 

do. 

10 

00-25 

33  55 

do. 

mean. 

06  13 

Exp.  4.  An  intimate  mixture  of  1500  grains  of  protosulphide  of  iron, 
with  a  considerable  excess  of  charcoal,  was  exposed,  in  a  covered 
brasqued  crucible,  during  3  hours  to  a  white  heat.  The  product  con- 
sisted of  small  globules  of  tho  sulphide  diffused  through  charcoal  • 
these  globules  being  magnetic,  were  separated  from  tho  charcoal  by 
the  magnet,  and  then  remelted  in  a  plumbago  crucible  into  a  single 
button.  At  tho  bottom  of  this  button  were  several  globules,  as  in  tho 
preceding  experiments.  The  button  contained  07-09%  of  iron.  The 
globules  contained  89*53%  of  iron,  and  9*41  of  silicon ;  they  evolved 


*  Regnault,  Ann.  dea  Mines,  3.  a.  11.  I  6  Berthier,  Tr.  1.  p.  488,  and  2.  p.  191. 
p.  45.  I     7  The  whole  waa  not  collected. 
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both  sulphuretted  and  free  hydrogen  by  digestion  with  hydrochloric 
acid. 

The  composition  of  the  button  may  be  represented  by  the  formula 
Fe*S+6FeS,  from  which  the  calculated  percentage  composition  would 
be  iron  66*66%  and  sulphur  33-34%. 

Taking  the  mean  proportion  of  iron  of  the  first  three  experiments, 
the  loss  of  sulphur  on  100  parts  of  the  original  protosulphide  was  8*32°/0, 
and  on  100  parts  of  sulphur  21*13. 

Protosidjihide  of  iron  heated  with  sesquioaride  of  iron. — There  is  no  sepa- 
ration of  metallic  iron  when  protosulphide  of  iron  is  heated,  even  at 
very  high  temperatures,  in  admixture,  in  any  proportions,  with  sesqui- 
oxide.  Berthier  supposed  that  the  sesquioxido  was  reduced  to  prot- 
oxide, with  the  formation  of  sulphurous  acid  and  oxysulphide  of  iron  ; 
but  this  supposition  has  been  proved  incorrect,  as  will  appear  from  the 
following  experiments  made  in  my  laboratory  by  Mr.  Hochstiitter. 
Artificial  sesquioxide  of  iron  and  protosulphido  of  iron,  prepared  by 
fusion,  and  containing  a  little  excess  of  sulphur,  viz.  3%,  were  em- 
ployed : — 

Sulphide  of  iron  Oxide  of  Iron 

Ratio  of  mixture.  In  grain*.  in  grain*. 

L  FeS     +  10  Fe=03    11    200 

2.  FtS    -f   5  Fe^O3    22    200 

3.  2  FeS  +   3  FeH)3    88    240 

The  sulphide  and  oxide  of  iron  were  intimately  mixed,  and  the 
mixture  was  heated  in  a  covered  clay  cruciblo  enclosed  in  a  covered 
graphite  crucible,  the  space  between  the  two  being  filled  with  pounded 
burnt  fireclay.    The  results  of  these  experiments  are  as  follow : — ■ 

No.  1.  Heated  during  an  hour  at  gentle  redness.  The  product  was 
a  sintered  slightly  coherent  mass,  which  was  easily  and  completely 
detached  from  the  crucible.  It  was  wholly  attracted  by  the  magnet. 
It  contained  only  a  very  small  quantity  of  sulphur.  The  loss  in 
weight  was  8  grs.  There  was  an  excess,  it  will  be  borne  in  mind,  of 
3C/C  of  sulphur  in  the  sulphide  of  iron  employed  in  these  experiments, 
so  that  the  ratio  between  the  sulphur  and  oxygen  was  not  exactly  that 
indicated  by  the  formula.  The  experiment  was  repeated  with  300  grs. 
of  oxide  of  iron  instead  of  200  grs.  The  product  was  similar  in  appear- 
ance to  that  of  the  first  experiment,  but  did  not  retain  any  trace  of 
sulphur.  It  yielded,  by  wet  assay,  70*7%  of  iron,  i.e.  only  1*7%  less 
than  pure  magnetic  oxide  of  iron.  It  contained  a  little  silica.  The 
following  formula  will  explain  the  reaction  : — 

FeS  +  10  F<XP  =  7  FeHJ*  +  SO-. 

No.  2.  The  same  temperature  was  employed.  The  product  was  a 
fritted  mass,  easily  removable  from  the  crucible,  and  attracted  by  the 
magnet.    It  retained  a  considerable  quantity  of  sulphur. 

No.  3.  The  mixture  was  subjected  to  a  strong  red  heat  during  an 
hour.  The  product  was  a  melted  black  mass,  vitreous  in  fracture,  and 
having  small  particles  of  sulphide  of  iron  disseminated  through  it. 
The  clay  crucible  was  much  acted  on. 

D  2 


Digitized  by  Google 


36 


IKON  AND  SULPHUR. 


Protosulphide  of  iron  heated  tcith  sulphate  of  protoxide  or  sesquioxide  of 
iron. — It  is  decomposed  when  heated  with  a  6iilphate  of  the  same 
metal,  sulphurous  acid  being  copiously  evolved ;  and  if  the  mixture  bo 
in  suitable  proportions,  neither  sulphuric  acid  nor  sulphur  will  be 
found  in  the  residue.  For  example,  according  to  Berthior,  this  result 
is  obtained  by  gradually  heating  to  whiteness  2*4  grms.  of  proto- 
sulphide  of  iron  with  13*2  grms.  of  anhydrous  bisulphate  of  sesqui- 
oxide  (Fo*Oa,  2SOa),  i.  e.  in  the  ratio  of  1  to  3  equivalent*. 

Protosulphide  of  iron  heated  tcith  protoxide  of  lead. — The  following  re- 
sults are  due  to  Berthior.8  To  scorify  1  part  by  weight  of  proto- 
sulphide of  iron  30  parts  of  litharge  are  required,  and  the  iron  is  only 
oxidized  to  the  minimum  :— 

Ratio  of  mixture  in  grammes. 
1.      2.       S.  4. 

Protosulphide  of  iron    10       10       10  10 

Litharge    GO     125     250  300 

1.  The  product  was  a  pasty,  scoriaceous  mass,  metalloidal  grey  in 
colour,9  and  strongly  magnetic :  it  consisted  of  sulphide  and  of  prot- 
oxides of  iron  and  lead. 

2.  The  product  consisted  of  a  very  liquid,  metalloidal  black,  opaque 
mass,  bright  in  fracture  and  very  magnetic,  and  of  36  grms.  of  metallic 
lead. 

3.  The  product  consisted  of  a  compact,  vitreous,  transparent,  fine 
resin-red  coloured  mass,  and  of  67  grms.  of  lead. 

4.  The  product  was  similar  in  appearance  to  the  last,  but  free  from 
combined  sulphide,  and  70  gnns.  of  lead  were  separated. 

If,  as  Berthier  inferred,  the  iron  is  only  converted  into  protoxide, 
it  may  fairly  be  asked,  on  what  did  the  magnetic  property  of  Nos.  1 
and  2  depend  ?  The  fine  red  colour,  which  is  said  to  have  charac- 
terized the  products  in  Nos.  3  and  4,  seems  to  point  to  the  conclusion 
that  the  iron  was  partially,  if  not  wholly,  converted  into  sesquioxide. 

Protosulphide  of  iron  heated  with  carfwnate  of  potash  or  soda. — At  a  red 
heat  protosulphide  of  iron,  in  admixture  with  once  or  twice  its  weight 
of  carbonate  of  potash  or  soda,  forms  a  very  liquid  product,  which 
solidifies  on  cooling  into  a  crystalline,  homogeneous,  black,  and  very 
magnetic  mass.  When  this  compound  is  digested  in  water,  alkaline 
sulphide,  with  a  little  excess  of  sulphur,  but  quite  free  from  sulphate, 
dissolves :  hence  the  oxygen  of  the  alkaline  oxido,  converted  into  sul- 
phide, must  combine  wholly  with  iron,  and  not  in  any  degree  with 
sulphur,  so  that  oxido  of  iron  should  exist  in  the  product  of  this  fusion. 
W  hen  the  foregoing  mixture  is  melted  in  contact  with  carbon,  the 
result  is  different,  and  metallic  iron  is  separated,  which,  at  a  suffi- 
ciently high  temperature,  fuses  into  a  lump  easily  detached  from  the 
slag.1    Berthier  has  recorded  the  following  experiment : — 

l*rotosulplude  of  iron,  1  cquiv   =    10-80  grms. 

Carbonute  of  soda,  1  equiv   =    13  32 


■  Tr.  I.  p.  309. 

9  (iris  metalloldo.  It  may  bo  trans- 
luted  metalloidal  grey,  indicating  that  it 


is  somewhat  less  in  degree  than  metallic 
properly  so  ealled. 

'  Berthier,  Tr.  2.  p.  192. 
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Tbo  mixture,  heated  in  a  brasqued  crucible  to  150°  (Wedgwood's 
pyrometer),  yielded  a  button  of  white  crystalline  cast-iron,  which 
flattened  sensibly  under  the  hammer  before  breaking,  and  weighed 
5*3  gnus.,  or  more  than  $  of  the  iron  contained  in  the  sulphide.  The 
slag  was  lamellar,  black,  feebly  metallic  in  lustre,  with  a  slight  bronzy 
tint ;  it  had  partially  infiltrated  into  the  brasque. 

Protosulphide  of  iron  heated  in  admixture  tdth  charcoal  and  baryta  or 
time. — Protosulphide  of  iron  is  in  great  measure  reduced  when  heated 
in  admixture  with  charcoal  and  baryta  or  lime ;  but  as  the  double 
sulphide  formed  is  very  slightly  fusible,  the  metallic  iron  remains 
disseminated  through  the  mass  in  particles  so  minute  as  to  be  hardly 
visible.2 

Protosulphide  of  iron  heated  with  other  metallic  sulphides. — It  combines  in 
the  dry  teat/  with  various  metallic  sulphides,  which  aro  not  volatile  at 
high  temperatures  ;  and  we  have  previously  had  examples  of  its  occur- 
rence in  the  different  kinds  of  regulus  produced  in  copper-smelting.  It 
combines  also  in  the  dry  xcay  with  the  alkaline  and  earthy  sulphides  ; 
but  these  compounds  have  as  yet  been  most  imperfectly  studied.  The}' 
are  decomposable  by  water,  which  dissolves  out  the  soluble  sulphide 
and  leaves  the  protosulphide  of  iron  in  a  finely  disintegrated  state. 
They  may  be  easily  made  either  by  heating  in  covered  crucibles  the 
mixed  sulphides,  or  reducing  mixtures  of  the  respective  sulphates  with 
charcoal. 

The  two  following  experiments  were  made  by  Berthier' : — 

1.  Protosulphide  of  iron   37 

8ulphidc  of  barium   63 

It  melted  at  ISO3  (Wedgwood's  pyrometer),  was  compact,  homogeneous, 
dark  metallic  grey  in  colour,  and  even  or  crystalline  in  fracture. 

2.  Protogulphide  of  iron   51 

Sulphide*  of  calcium    41) 

It  fused  with  difficulty  at  150°,  intumesccd,  and  was  'metallic  grey  in 
colour  with  feeble  lustre. 

The  following  experiments  have  been  made  in  my  laboratory  by 
Mr.  Smith  : — 

Weight*  umiI  in  grain*. 


Ratio  or  mixture.  Sulphide  of  lead.  I'rotwiulublde  of  iron. 

L  2PbS  +  FeS    5700  1060 

2.  PbS  -f  FeS    5700  2120 

3.  PbS  +  2FtS   57C0  4240 


1.  The  mixture  was  melted  under  charcoal,  stirred  with  a  piece  of 
wood,  and  slowly  cooled.  The  product  consisted  of  two  tolerably 
distinct  layers:  an  upper  one  ^crystalline,  and  like  galena  in  colour; 
and  a  lower  one,  more  largely  crystalline,  rather  darker  in  colour,  and 
with  less  lustre. 

2.  The  mixture  was  melted  under  borax.  The  product  was  a  dark 
bluish-grey  crystalline  mass,  which  presented  no  sign  of  separation  into 

=  Berthier.  Tr.  2.  p.  193.  3  Tr.  2.  p.  102. 
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distinct  layers.  It  was  covered  with  a  black  slag,  lined  on  its  under 
surface  with  beautiful  acicular  crystals. 

3.  The  product  of  fusion  was  a  dark  grey  crystalline  mass,  which, 
like  the  last,  appeared  homogeneous  throughout. 

Protosiilphide  of  iron  heated  with  silica. — The  following  experiments  have 
been  made  by  Mr.  Hochstatter  in  my  laboratory.  Of  protosulphide  of 
iron,  containing  62  4%  of  iron,  GOO  grains  in  fine  powder  were  inti- 
mately mixed  by  trituration  with  1500  grains  of  fine  white  sand.  The 
mixture  was  subjected  during  2  hours,  in  a  covered  clay  crucible,  to  a 
white  heat.  The  product  was  a  fritted  mass,  consisting  apparently  of 
the  unchanged  sulphide  and  silica.  A  portion  of  the  mass  was  digested 
with  hydrochloric  acid  until  everything  soluble  was  extracted;  sul- 
phuretted hydrogen  was  copiously  evolved,  and  the  sulphide  of  iron 
dissolved  was  found  to  contain  61*33%  of  iron.  The  residual  silica 
contained  4*7%  of  the  total  iron  of  the  original  sulphide,  which  iron 
was  extracted  after  fusion  with  bisulphate  of  potash.  The  result  of 
this  experiment  would  lead  to  the  conclusion  that  silica  does  not  act 
in  a  sensiblo  degree  upon  protosulphide  of  iron  at  a  high  temperature. 

Protosulphide  of  iron  footed  with  silica  and  carbon. — The  following  expe- 
riments have  been  made  by  Mr.  Hochstatter  in  my  laboratory :— Of 
protosulphide  of  iron,  containing  60*63%  of  iron,  600  grains  in  fine 
powder  were  intimately  mixed  by  trituration  with  600  grains  of  fine 
white  sand,  and  300  of  charcoal-powder.  The  mixture  was  heated  to 
whiteness,  during  2  hours,  in  a  covered  plumbago  crucible.  The  pro- 
duct was  a  slightly  coherent  mass,  in  which  largo  and  small  metallic 
globules  were  diffused.  These  globules  woro  removed  by  tho  magnet, 
freed  as  far  as  practicable  from  adherent  sand  and  charcoal,  and  then 
fused,  with  the  addition  of  a  little  alumina,  in  a  covered  crucible.  Two 
buttons  were  thus  obtained,  which  were  hard  and  brittle ;  the  fracture 
was  light-grey,  largely  crystalline,  yet  dull  in  lustre,  owing  to  the 
cleavage  pianos  being  finely  granular  in  structure.  The  fine  powder 
was  only  feebly  acted  on  by  digestion  with  hydiochloric  acid,  a  little 
sulphuretted  hydrogen  being  evolved.  A  large  amount  of  insoluble 
matter  remained  even  after  long  boiling  with  hydrochloric  or  nitro- 
hydrochloric  acid.  In  the  analysis  of  this  product,  its  fine  powder  was 
fused,  in  a  platinum  crucible,  with  a  mixture  of  1  part  of  chlorate  of 
potass,  and  4  of  the  mixed  carbonates  of  potash  and  soda. 

Two  other  experiments,  similar  to  the  foregoing,  were  made,  and  the 
results  are  stated  in  the  following  table.  The  specific  gravity  of  the 
button  obtained  in  the  last  was  6  88 :  — 


experi- 
ment*. 

Sulphide  or 
Iron. 

Silica.  Clwrciwl. 

 1 

i 

Sulphur. 

i 

t 
II. 
III. 

600 

lf>00« 
2000  ■ 

000 

1500 
2000 

300 
800 
1100 
• 

80-23 
83  28 
81  53 

18-77 
15-32 
16  70 

100 
1-40 
1  71 

100 


id  part* 
sulphur. 


of 


07-40 
90-28 
92-82 


4  The  sulphide  of  iron  contained  02  4%  of  iron. 
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From  the  results  of  the  foregoing  experiment*,  it  appears  that  proto- 
sulphide  of  iron  is  nearly  completely  decomposed  at  a  high  tempera- 
ture by  the  joint  action  of  silica  and  carbon.  If  in  each  experiment 
we  assume  that  the  residual  sulphur  exists  in  combination  with  iron, 
according  to  the  formula  Fe"S  +  6FcS  (see  p.  35),  the  composition 
of  the  first  and  third  products  may  be  nearly  represented  by  the  for- 
mula Fe*Si,  and  that  of  the  second  by  the  formula  Fe4Si.  The  per- 
tage  composition  calculated  from  these  formula*  will  be  respectively 
as  follow  :— Fe  79-1%,  Si  20-9/5o,  and  Fo  83-46%,  Si  10-54%. 

ProtosulfjJiide  of  iron  heated  xcith  alkaline  silicates  or  borates. — Berthier 
states  that  the  alkaline  silicates  and  borates,  containing  a  certain 
proportion  of  acid,  have  no  action  on  protosulphide  of  iron  ;  but  that 
the  contrary  occurs  when  they  contain  excess  of  base  and  carbon  is 
present.  In  this  case  part  of  the  alkaline  base,  in  accordance  with 
the  reaction  previously  considered,  decomposes  part  of  the  sulphide 
of  iron,  and  in  amount,  caiteris  jxtribits,  proportionate  to  the  elevation 
of  temperature.  The  same  may  also  bo  stated  of  ba*ic  silicate  of  lime, 
whether  free  or  in  combination  with  basic  silicate  of  alumina,  as  is 
the  case  in  the  slags  generally  produced  in  iron-smelting  furnaces  in 
this  country,  where  coal  or  coke  is  used  as  fuel.  One  common  variety, 
previously  referred  to,  has  the  formula 

Al'O3,  SiO5  +  2(3CaO,  SiO3). 

■ 

Hydrochloric  acid  decomposes  it,  and  there  is  always  the  disengage- 
ment of  sulphuretted  hydrogen.  Moreover,  I  have  observed  in  several 
analyses  of  this  slag,  which  1  have  made,  that  the  odour  of  sulphur 
was  sensibly  evolved  on  first  heating  the  silica  preparatory  to  weighing 
it."  This  desulphurizing  action  of  basic  silicate  of  lime  is  of  great 
practical  importance  with  respect  to  the  smelting  of  iron. 

Protosulphide  of  iron  heated  with  silicates  or  borates  of  manganese. —  The 
silicates  and  borates  of  manganese  appear,  according  to  lierthier,  to 
behave  towards  protosulphide  of  iron  like  the  alkaline  silicates  and 
borates.  Our  knowledge  of  this  subject  is  vague  and  unsatisfactory, 
and  in  place  of  facts  we  have  scarcely  more  than  conjectures. 
Mr.  Tarry,  of  the  Kbbw  Vale  Iron-works,  informs  me  that  he  has 
always  found  a  considerable  quantity  of  sulphur  in  blast-furnace  slags 
which  contained  much  manganese.  Thus,  in  the  slag  produced  in 
smelting  spathic  iron  ore,  the  manganese,  estimated  as  protoxide, 
amounted  to  H0/o,  and  the  sulphur  to  not  less  than  2°/0  ;  whereas,  with 
the  same  fuel,  but  with  other  ores  not  rich  in  manganese,  the  slag 
contained  less  sulphur,  and  the  cast-iron  a  proportionately  larger 
amount  than  in  the  first  instance. 

Se$qimulphide  of  iron.  Fe*S*. — We  are  indebted  to  Berzolius  for  tho 
following  information  respecting  this  sulphide.  It  is  thrown  down  as 
a  black  precipitate  by  adding  a  solution  of  sulphate  of  sesquioxide  of 
irou  drop  by  drop  into  a  solution  of  a  hydrosulphate,  but  not  on 
pouring  the  latter  into  the  former,  as  in  this  case  the  sesquioxide  of 


•  Vid.  Metallurgy,  Fir»t  Tart,  p.  M4. 
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iron  would  be  reduced  to  protoxide  with  tho  precipitation  of  sulphur. 
It  is  decomposed  by  desiccation  in  the  air.  This  sulphide  is  very 
slowly  formed  in  the  dry  way  by  passing  a  current  of  sulphuretted 
hydrogen  over  sesquioxide  of  iron  heated  at  the  most  to  100°  C.  The 
process  is  continued  until  water  ceases  to  escape.  If  the  temperature 
bo  too  high,  tho  iron  decomposes  the  sulphuretted  hydrogen,  and 
bisulphide  of  iron  is  the  product.  The  sesquisulphide  may  also  be 
made  by  the  same  process  at  the  ordinary  temperature,  by  substituting 
very  dry  artificial  hydratcd  for  anhydrous  sesquioxide  of  iron.  If 
the  hydrate  be  moist,  decomposition  proceeds  very  rapidly  and  without 
sensible  rise  of  temperature  ;  but  the  sulphide  thus  obtained  passes 
very  quickly  in  contact  with  air  into  a  mixture  of  sesquioxide  and 
sulphur,  and  can  only  bo  dried  in  vacuo.  Once  thoroughly  dry,  it 
Buffers  no  chango  in  tho  air.  It  is  grey  with  a  yellow  tinge  ;  but  is 
neither  so  yellow  nor  bright  as  common  iron-pyrites.  It  is  not  attracted 
by  the  magnet.  At  incipient  redness,  it  parts  with  f  of  its  sulphur 
and  is  converted  into  magnetic  pyrites.  It  partially  dissolves  in 
dilute  sulphuric  and  hydrochloric  acids,  sulphuretted  hydrogen  being 
evolved,  and  an  insoluble  residue  of  bisulphide  of  iron  left,  which 
retains  the  form  of  the  pieces  operated  on,  but  which,  in  the  moist 
state,  is  so  finely  divided  as  to  offer  no  resistance  when  spread  with 
the  finger  over  tho  skin  :  however,  by  washing  and  desiccation,  it 
becomes  solid  and  coherent.  Sesquisulphide  of  iron  is  a  sulphobase, 
and,  as  wo  have  seen,  is  supposed  to  exist  in  copper-pyrites  (Cu*S  + 
Fe'S3),  and  variegated  copper  ore  (3CusS4-FeeS3). 6 

Bisulphide  of  iron,  or  iron-jty  rites.  FeS*. — It  is  found  abundantly  in 
nature,  and  of  late  years  has  become  extremely  valuable  as  a  source 
of  sulphur  in  the  manufacture  of  sulphuric  acid.  It  is  dimorphous, 
crystallizing  in  the  cubical  and  prismatic  systems.  Cubical  iron- 
pyrites  presents  numerous  and  beautiful  modifications  which  are 
highly  prized  by  mineralogists;  it  has  a  bright,  metallic  lustre  and 
fine  brass  or  golden  yellow  colour,  which  has  caused  it  to  be  mistaken 
for  gold;  its  specific  gravity  ranges  from  4*9  to  5*1.  The  prismatic 
variety  is  termed  white  iron-pyrites,  from  its  greyish  or  light  greenish 
yellow  colour ;  its  specific  gravity  ranges  from  4*65  to  4-9 ;  it  is  not 
so  widely  diffused  as  the  cubical ;  it  is  the  usual  concomitant  of  coal, 
and,  unlike  the  cubical,  is  particularly  liable  to  spontaneous  decompo- 
sition in  the  air.  Both  varieties  also  occur  massive  and  in  different 
forms  of  aggregation,  such  as  the  botryoidal,  reniform,  etc.  Both  are 
brittle,  extremely  hard,  giving  sparks  with  steel,  and  non-magnetic. 
Their  chemical  reactions  are  the  same,  so  that  henceforward  they  will 
be  considered  under  tho  general  term  of  iron-pyrites.  Bisulphide  of 
iron  may  be  formed  by  the  following  methods.  An  intimate  mixture, 
prepared  by  triturating  well  together  protosulphide  of  iron  made  in 
the  dry  way  with  half  its  weight  of  sulphur,  is  heated  so  that  the 
excess  of  sulphur  may  be  separated  by  distillation,  and  the  tempera- 
ture not  rise  quite  to  redness,  when  bisulphide  of  iron  will  bo  obtained 


BeneliOfl,  Tr.  2.  p.  0*2. 


Digitized  by  Google 


BISULPHIDE  OF  IRON,  OR  IRON-PYRITES. 


41 


as  a  bulky,  deep-yellow  pulverulent  residue,  metallic  in  appearance, 
not  attractable  by  the  magnet,  and  proof  against  the  action  of  hydro- 
chloric or  hot  dilute  sulphuric  acid.  Scsquioxide  of  iron,  anhydrous 
or  hydrated,  is  heated  in  a  current  of  sulphuretted  hydrogen  at  a  tem- 
perature exceeding  100c  G,  but  below  cherry -redness.  At  first  water 
and  sulphurous  acid  are  formed,  and  as  this  gas  is  decomposed  by  sul- 
phuretted hydrogen,  the  water  which  pisses  over  is  milky  from  the 
presence  of  sulphur.  Hence  a  lower  sulphide  is  generated,  which  is 
subsequently  converted  into  bisulphide  at  the  expense  of  the  sulphur 
of  the  sulphuretted  hydrogen,  and  with  the  liberation  of  an  equivalent 
proportion  of  hydrogen.  The  process  is  completed  when  the  produce 
ceases  to  increase  in  weight.  If  natural  crystals  of  magnetic  oxide,  or 
scsquioxide  of  iron,  anhydrous  or  hydrated,  or  of  carbonate  of  prot- 
oxide of  iron,  be  employed,  they  are  changed  without  losing  their  forms 
into  bisulphide  of  iron,  thus  producing  pseudomorphous  crystals.7 
Wohler  obtained  bisulphide  of  iron  in  small  cubes  and  octahedrons  by 
exposing  an  intimate  mixture  of  scsquioxide  of  iron,  sulphur,  and 
chloride  of  ammonium  to  a  temperature  a  little  exceeding  that  at  which 
this  salt  sublimes.8  My  friend,  Mr.  George  Lowe,  formerly  of  the 
Chartered  Gas  Company,  has  recorded  the  following  interesting  fact  of 
the  artificial  formation  of  iron-pyrites  in  cubes  and  octahedrons.  In 
subliming  at  a  long  continued  and  dull  red-heat  rough  sal-ammoniac 
containing  sulphate  of  ammonia  in  iron  vessels  coated  internally  with 
clay,  the  crystals  were  found  upon  this  coating,  which  had  become  im- 
pregnated with  chloride  of  iron*  Mr.  Hobert  Weir  Fox,  of  Falmouth, 
showed  me  very  beautiful  and  perfect  cubes  of  iron-pyrites,  which,  if  I 
mistake  not,  were  formed  in  a  similar  manner.  In  nature  there  can  be 
no  doubt  that  iron-pyrites,  crystallized  as  well  as  massive,  has  fre- 
quently been  produced  in  the  wet  tray  ;  and  of  this  every  mineralogical 
cabinet  presents  numerous  and  striking  examples.  It  is  often  met  with 
well  crystallized  in  nodules  of  argillaceous  iron  ore,  or  impure  carbonate 
of  protoxide  of  iron  in  the  coal-measures;  and  from  this  geological 
position  it  certainly  cannot  have  resulted  from  even  the  most  moderate 
igneous  action.  Moreover,  there  is  positive  evidence  of  its  formation 
in  liquids.  Thus,  the  remains  of  a  mouse,  which  had  accidentally 
fallen  into  a  solution  of  sulphate  of  protoxide  of  iron  and  had  continued 
there  a  considerable  time,  were  found  covered  with  small  crystals  of 
iron-pyrites ;  and  Bischof  has  recorded  several  recent  instances  of  its 
production  under  similar  conditions.'  The  aqueous  solutions  of  alka- 
line and  earthy  sulphates,  containing  a  salt  of  iron,  are  decomposed  by 
the  action  of  decaying  organic  matter,  with  the  deposition  of  bisulphide 
of  iron  and  disengagement  of  sulphuretted  hydrogen. 

W  hen  iron-p3frites  is  subjected  to  a  red  heat  in  a  close  vessel, 
sulphur  sublimes,  and  the  residue,  according  to  Berzelius,  consists  of 
magnetic  pyrites  (6FeS,  FeS8) ;  but  at  a  strong  red  heat  it  is  converted 
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to  protosulphide,  and  in  a  current  of  hydrogen  a  lower  temperature 
will  suffice  to  produce  this  result,  though  sulphuretted  hydrogen  is 
formed  only  in  very  small  quantity.  The  vaporization  of  sulphur 
appears,  therefore,  to  take  place  less  easily  in  its  own  vapour  than  in 
other  gases.*  For  the  same  reason  a  current  of  steam  promotes  the 
liberation  of  carbonic  acid  from  carbonate  of  lime  heated  in  close 
vessels.  Iron-pyrites  is  reduced  to  protosulphide  when  heated  to 
redness  in  admixture  with  carbon,  bisulphide  of  carbon  being  evolved. 
It  is  dissolved  by  nitric  and  nitro-hydrochloric  acids,  and  by  hot 
sulphuric  acid  with  the  separation  of  sulphur ;  but  is  not  attacked  by 
hydrochloric  or  dilute  sulphuric  acids. 

Bisulphide  of  iron  heated  with  protoxide  of  lead. — The  following  results 
are  duo  to  Berthier."  Native  iron-pyrites  and  litharge  were  em- 
ployed. 

Ratio  of  mixture  in  gram  met. 
1.        2.        3.         4.        5.  6. 

Iron-pyrites    10        10        10        10        10  10 

Litharge   00       125       200      300      400  500 

These  mixtures  melted  very  easily,  with  the  copious  dispngagement  of 
sulphurous  acid. 

1.  The  product  was  a  metallic  button  free  from  slag,  which  con- 
sisted of  two  parts  :  a  lower  one,  which  was  most  abundant,  and  was 
regarded  as  sub-sulphide  of  lead  ;  and  an  upper  one,  similar  in  ap- 
pearance to  compact  galena,  but  magnetic,  which  was  composed  essen- 
tially of  sulphides  of  iron  and  lead,  and  probably  contained  a  small 
quantity  of  these  metals  in  the  state  of  oxide. 

2  and  3.  The  products  were  vitreous,  opaque,  black  masses,  stain- 
ing the  crucibles  brown,  and  hard  metallic  lead  (ploinb  aigre),  granular 
in  fracture  and  dark  grey  ;  in  No.  2,  the  lead  weighed  35  grins.,  and 
in  No.  3,  40  grms. ;  in  each  case  the  lead  was  impregnated  with  a 
small  quantity  of  slag,  and  contained  from  0*8%  to  1  0%  of  sulphur, 
together  with  a  little  iron. 

Nos.  4,  5,  and  6.  The  products  were  vitreous,  transparent  masses, 
fine  resin  red  in  colour,  and  buttons  of  lead,  weighing  respectively 
45  4  grms.,  54-8  gnus.,  and  86  grms. 

A  larger  proportion  of  litharge  did  not  produce  more  than  8G  grms. 
of  lead ;  so  desulphurization  is  complete  wheu  iron-pyrites  is  scorified 
with  50  times  its  weight  of  litharge. 

Magnetic  pyrites.  6  FeS,  FeS*,  or  5  FeS,  Fe*S3.— It  is  feebly  attracted 
by  the  magnet,  and  is  often  itself  magnetic  :  hence  its  name.  It  crys- 
tallizes in  the  rhombohedral  system.  It  is  brittle,  has  a  metallic 
lustre,  and  a  bronze-like  colour.  Its  specific  gravity  is  4*(>  or  4-7.  In 
dissolving  in  acids  it  yields  a  residue  of  sulphur.  It  is  readily  fusible. 
It  is  met  with  pretty  abundantly  in  nature,  though  rarely  crystallized, 
and  is  not  unfrequently  nickeliferous.  According  to  lierzelius,  it  is 
this  compound  which  is  usually  produced  artificially  in  the  dry  way. 
Thus  it  may  be  made  by  heating  together  without  access  of  air  an 
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intimate  mixture  of  sesquioxide  of  iron  or  iron  scale  and  sulphur, 
so  long  as  sulphurous  acid  continues  to  escape;  or  by  heating  iron 
until  it  begins  to  bum  with  sparks  and  touching  with  a  roll  of 
sulphur,  when  the  molted  sulphide  immediately  drops  and  may  bo 
collected. 

Sujiposed  oxysulphide  of  iron. — Berzelius  states,  that  when  a  mixture 
of  sesquioxide  of  iron  and  sulphur  is  melted  in  a  glass  retort,  at  a 
temperature  below  redness,  yet  sufficient  to  drive  off  the  sulphur  in 
excess,  sulphurous  acid  is  disengaged,  and  a  dark  chestnut-brown  powder 
remains.  This  powder  is  strongly  attracted  by  the  magnet,  takes  fire 
when  gently  heated,  burns  like  tinder,  and  slowly  dissolves  in  acids, 
producing  a  protosalt  of  iron  without  evolution  of  sulphuretted  hy- 
drogen. The  same  compound  is  also  formed  by  heating  in  imperfectly 
closed  vessels  iron-pyrites  (FeS*)  in  coarse  powder,  so  as  to  expel  the 
sulphur  ;  the  calcined  mass  during  cooling  combines  with  oxygen,  and 
retains  very  little  tendency  to  dissolve  in  acids,  with  disengagement  of 
sulphuretted  hydrogen.4 

Sulphate  of  protoxide  of  iron,  copjjeras,  or  green  vitriol.  FeO,  SO*. — This 
salt  is  on  several  accounts  specially  interesting  to  the  metallurgist, 
and  is  largely  manufactured.  Sulphate  of  protoxide  of  iron  crystallizes 
with  several  proportions  of  water.  The  salt  of  common  occurrence  is 
in  pale  green  transparent  crystals  belonging  to  the  oblique  prismatic 
system,  and  having  the  formula  FeO,  S03+7  HO.  At  a  gentle  heat  it 
melts  in  its  water  of  crystallization  ;  above  280°  C.  it  loses  G  equivalents 
of  water ;  -at  a  higher  temperature  it  becomes  anhydrous,  forming,  pro- 
vided air  be  excluded,  a  wrhite  gritty  powder,  which  dissolves  wry 
slowly  in  water.  Heated  more  strongly  it  is  decomposed  with  the 
evolution  of  sulphurous  acid  and  the  production  of  sulphate  of  scsqui- 
oxide,  as  the  following  equation  will  explain  :  ;/r :        -  v^ 

2(FeO.  SO*)  =  Fe=0»,  SO*  +  80«.(   ***V/  , 

At  a  still  higher  temperature  the  whole  of  the  sulphuric  afckl  is  expelled 
from  this  sulphate,  partly  as  anhydrous  acid  and  partly  being  T4solvod 
into  sulphurous  and  oxygen,  and  there  remains  only  sesquioxidcTrf-rron. 
Prior  to  this  result  it  is  stated  that  a  basic  sulphate  of  sesquioxide  of 
iron  is  produced.  The  well  known  sulphuric  acid  of  Nordhausen  is 
distilled  from  this  salt  heated  in  earthen  retorts  after  having  been  pre- 
viously deprived  of  about  40%  of  its  water  of  crystallization;  the 
fumes  which  it  emits  are  due  to  the  anhydrous  sulphuric  acid  con- 
tained in  it.  The  acid  is  collected  in  stoneware  receivers  containing 
water.  In  Bohemia  the  distillatory  apparatus  is  exactly  similar  in  con- 
struction to  the  old  gallery  furnace  for  the  distillation  of  cinnabar.* 
The  manufacture  of  sulphuric  acid  by  this  process  has  long  been 
carried  on  at  various  smelting  works  in  Europe.  When  green  vitriol 
is  gently  heated,  with  free  access  of  air,  stirring  all  the  while,  it  is  con- 
verted into  Fe*Oa,  2  SOa.    By  gently  heating  a  mixture  of  the  dry  salt 
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and  charcoal  in  a  retort,  sulphurous  acid  and  carbonic  acid  arc  given 
off  in  the  ratio  of  78  volumes  to  22,  and  the  residuo  consists  of  sesqui- 
oxide  of  iron  freo  from  sulphide/  Green  vitriol  dissolves  in  1'64  parts 
by  weight  of  water  at  10°  C— in  1-43  at  15°— in  0-87  at  24°— in  0  66  at 
33°— in  0-44  at  46°—  in  0-38  at  60°— in  0-37  at  84°— in  0-27  at  90°— 
and  in  0*3  at  100°. 7  The  aqueous  solution  is  pale  green,  and  reddens 
litmus ;  sulphuric  acid  precipitates  the  salt  from  it  as  a  white  crystal- 
line powder  of  the  formula  FeO,  SO"+IIO.  When  an  aqueous  solu- 
tion of  this  or  other  salt  of  protoxide  of  iron  is  put  into  a  close  vessel, 
either  with  zinc  or  cadmium,  metallic  iron  is  slowly  reduced.8  In  one 
experiment  in  my  laboratory  the  reduced  iron  appeared  on  the  surface 
of  a  atrip  of  zinc  in  the  form  of  small  round  masses,  neutral  sulphate  of 
protoxide  of  iron  being  tho  salt  used.  I'oumarede  states  that  zinc  at 
a  somewhat  increased  temperature  partially  reduces  salts  of  protoxide 
of  iron,  the  iron  being  thrown  down  with  its  usual  colour  and  of  the 
specific  gravity  7*84.  v  W  hen  the  solution  is  exposed  to  the  air,  a 
yellow  pellicle  appears  on  the  surface,  oxygen  is  absorbed,  with  tho 
formation  of  soluble  sulphate  and  insoluble  yellow  disulphate  of  ses- 
quioxide.  Owing  to  the  suspension  of  more  or  less  of  tho  latter,  the 
solution  is  muddy,  and  has  a  yellowish  brown  colour ;  but,  on  stand- 
ing, the  basic  sulphate  subsides,  leaving  the  supernatant  liquor  per- 
fectly transparent  and  of  a  deep  brown-red  colour.  Tho  following 
equation  will  explain  tho  reaction : 

10  FeO,  SO3)  +  O*  =  2FesOa,  SO3  +  S^VO3,  3S03). 

By  exposure  to  tho  air  at  tho  ordinary  temperature  the  crystals 
effloresce,  becoming  first  white,  and  afterwards  rusty  brown  on  the 
surface,  in  consequence  of  the  formation  of  a  basic  sulphate  of  sesqui- 
oxide  of  iron.  This  is  especially  the  case  when  they  have  been  de- 
posited in  a  neutral  solution,  tho  presence  of  an  excess  of  acid  appear-  # 
ing  to  check,  or  at  least  to  retard,  oxidation.  An  aqueous  solution  of 
sulphate  of  protoxide  of  iron  absorbs  nitric  oxide  (NO*),  forming  a  dark 
greenish  brown  liquid  in  which  the  gas  and  tho  sulphuric  acid  are  in 
the  ratio  of  1  to  4  equivalents.  This  remarkable  compound  may  be 
procured  in  small  brown  crystals,  of  which  the  formula  is  4  FeO,  SO* 
+  N02.  The  whole  of  the  nitric  oxide  escapes  in  vacuo.  It  may  also 
bo  expelled  at  a  gentle  heat,  but  not  without  undergoing  slight  de- 
composition, and  producing  an  equivalent  proportion  of  sesquioxide  of 
iron.  If  the  solution  saturated  with  nitric  oxide  be  exposed  to  the 
desiccating  action  of  solid  chloride  of  calcium  under  a  glass  receiver 
filled  with  nitric  oxide,  some  sesquioxide  of  iron  is  generated  at  the 
expense  of  the  oxygen  of  this  gas. 

Green  vitriol  is  easily  produced  by  dissolving  metallic  iron  in 
dilute  sulphuric  acid,  filtering  the  boiling  solution,  evaporating,  and 
crystallizing.    It  is  desirable  that  tho  solution  should  be  acid.  In 


6  Gay-Lussae.  Gmelin,  Ilandl).  5.  p.  Wrwaiubchaft  zur  gulvanisehen  Elektri- 
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some  metallurgical  works  it  is  largely  produced  as  an  accessory  product 
in  making  sulphuretted  hydrogen  by  the  action  of  dilute  sulphuric 
acid  on  protosulphide  of  iron.  It  is  formed  by  the  spontaneous 
oxidation  of  a  sulphide  of  iron  in  moist  air,  or  by  roasting  a  sulphide 
at  a  comparatively  low  temperature  with  free  access  of  air.  It  not 
unfrequently  occurs  in  the  water  from  old  coal-mines,  and  care  should 
be  taken  not  to  employ  such  water  in  steam  boilers,  as  it  tends  to 
corrode  the  iron  with  rapidity.1  Its  presence  may  be  instantly  recog- 
nized by  the  inky  taste.  The  commercial  salt  is  largely  consumed  in 
dyeing,  and  in  the  manufacture  of  colcothar.  It  may  contain  various 
impurities,  such  as  manganese,  zinc,  copper,  alumina,  magnesia,  lime, 
etc.,  and  is  often  mixed  with  more  or  less  of  sulphate  of  sesquioxide  of 
iron.  It  may  be  deprived  of  the  latter  by  passing  sulphuretted  hy- 
drogen through  the  solution,  heating  to  expel  the  gas,  and  then  sepa- 
rating  the  sulphur  formed  in  the  reduction  of  the  sesquioxide,  or  by 
simply  boiling  with  metallic  iron.  On  the  addition  of  sufficient 
alcohol  it  is  thrown  down  as  a  greenish  crystalline  powder,  which  may 
be  readily  dried  after  washing  with  alcohol,  and  preserved  without  change 
in  a  stoppered  bottle  ;  it  contains  7  equivalents  of  water  as  usual, 
and  20*143%  of  iron.  We  have  been  accustomed  to  use  the  salt 
thus  prepared  in  standardizing  solutions  used  for  assaying  of  iron 
ores :  and  we  have  kept  it  for  years  without  having  found  the  least 
change  in  its  composition.  It  is  stated  that  green  vitriol  is  sometimes 
contaminated  with  arsenious  acid.  Both  arsenic  and  copper  would  bo 
completely  separated  by  metallic  iron,  and  the  process  would  be  much 
accelerated  by  boiling.  The  commercial  salt  has  frequently  a  grass- 
green  colour,  caused  by  the  presence  of  a  sulphate  of  sesquioxide. 

Not  fewer  than  four  hydrates  are  stated  to  exist  besides  the  common 
or  hepta-hydrated  variety,  but  of  these  I  shall  only  refer  to  three.  A 
salt  with  one  equivalent  of  water  is  obtained  by  heating  green  vitriol 
to  140°  C.  in  vacuo.  The  second  with  three  equivalents  of  water  is 
produced  by  evaporating  at  80°  0.  a  solution  of  green  vitriol  containing 
a  considerable  excess  of  sulphuric  acid,  until  a  white  crust. appears, 
which  is  the  hydrate  in  question.  The  third  with  four  equivalents 
of  water  is  in  chrysoprase-green  coloured  crystals  by  evaporating  at 
80°  C.  a  solution  of  green  vitriol  free  from  an  excess  of  sulphuric  acid. 

Double  salts  of  the  formula}  KO,  SO'+FeO,  SO'-j-OHO  and  NH40, 
SO9-}- FeO,  SO"  +61 10  have  been  described.  They  may  bo  formed  by 
the  evaporation  of  an  aqueous  solution  of  green  vitriol  and  sulphate  of 
potash  or  ammonia  respectively.  They  are  nearly  colourless,  and  have 
the  same  crystalline  form  as  the  analogous  compounds  of  magnesia, 
oxide  of  zinc,  and  the  protoxides  of  manganese,  nickel,  and  cobalt. 

Salts  of  the  formula  FeO,  SO*  (sulphite),  FeO,  S'O5  (hyposulphato 
or  dithionate),  FeO,  S'O1  (hyposulphite  or  dithionite),  FeO,  S405  (tetra- 
thionate),  have  also  been  described.  The  sulphite  and  dithionite  are 
formed  in  equal  equivalents  by  the  action  of  sulphurous  acid  dissolved 
in  water  upon  iron  filings.1 


1  Riley.  2  Berzolins,  Tr.  3.  p.  572. 


Digitized  by  Google 


4»i 


IRON  AND  SULPHUR. 


Neutral  tersulphate,  or  sulphate  of  sesquioxide  of  iron.  FefO",  3SO\ — 
Ulrich  has  described  the  anhydrous  salt  It  was  observed  at  the  sul- 
phuric acid  works  at  Oker,  in  the  Harz,  on  pouring  out  the  concen- 
trated acid  from  the  platinum  stills,  in  the  state  of  glittering  particles, 
which  subsided  on  leaving  the  acid  at  rest.  '1  ho  deposit  consisted  of 
minute  palo  peach-coloured  crystals  in  truncated  rhombic  octahedrons 
The  largest  did  not  exceed  0ro001  in  diameter.  The  salt  was  nearly 
insoluble  in  water ;  nor  did  it  dissolve  to  a  much  greater  extent  in 
hydrochloric  acid.  It  was  instantly  decomposed  by  ammonia,  with 
the  separation  of  hydratod  sesquioxide  of  iron.  On  keeping  it  was 
changed  into  a  tender  yellow  powder,  from  the  absorption  of  water, 
from  which  it  had  not  been  protected."  It  occurs  near  Copiapo,  in 
Coquimbo,  forming  a  bed  in  a  felspathic  rock,  and  near  Calaina,  in 
Bolivia.  It  is  massive  or  crystallized  in  the  rhombohedral  system, 
and  has  the  formula  Fe"0\  aSCP+^HO.  It  may  be  made  by  boiling 
2  equivalents  of  sulphate  of  protoxide  of  iron  with  1  of  sulphuric 
acid,  and  adding  nitric  acid  in  small  quantities  until  it  ceases  to 
produce  an  evolution  of  gas.  It  may  also  bo  directly  prepared  by 
mixing  strong  sulphuric  acid  and  sesquioxide  of  iron  and  stirring 
them  well  togother;  much  heat  is  evolved,  and  on  further  raising 
the  temperature  slightly  the  excess  of  acid  is  expelled.  It  dissolves 
in  water,  forming  a  red  solution  which  on  evaporation  yiolds  a  pale 
yellow  deliquescent  residue.  In  this  state,  according  to  Berzelius, 
it  usually  contains  an  excess  of  acid,  owing  to  incomplete  saturation 
with  the  oxide  of  iron  in  the  first  instance.  On  gently  heating 
tho  residue  not  quite  to  redness  the  free  acid  is  driven  off,  and 
the  neutral  salt  is  left  in  the  state  of  white  powder,  which  dissolves 
very  slowly  in  water.  The  solution  reddens  litmus,  is  orange  coloured, 
and  by  evaporation  is  converted  into  a  reddish-yellow  syrup  which 
dissolves  in  alcohol.  A  dilute  aqueous  solution  does,  and  a  concen- 
trated ono  does  not,  become  turbid  on  boiling.  Tho  more  dilute,  the 
greater  the  turbidity  and  the  lower  tho  temperature  required  to 
produce  it :  tribasio  sulphate  is  thrown  down.  Tho  salt  is  insoluble 
in  strong  sulphuric  acid.  It  is  changed  by  the  action  of  sulphuretted 
hydrogen  into  sulphate  of  protoxide  with  liberation  of  sulphuric  acid 
and  the  deposition  of  sulphur.  By  digestion  of  its  solution  with  iron 
filings  hydrogen  is  evolved,  wdth  the  formation  of  sulphate  of  protoxide 
of  iron  and  the  precipitation  of  a  basic  sulphate  of  sesquioxide.  It  is 
better  adapted  than  any  other  salt  for  the  preparation  of  anhydrous 
sulphuric  acid  by  dry  distillation.  A  solution  of  this  salt,  cold  as 
well  as  hot,  particularly  when  free  acid  is  present,  dissolves  most  of 
tho  metals,  yielding  oxygen  to  them  and  being  reduced  to  sulphate 
of  protoxide:  sulphates  of  the  metals  are  formed.  Silver  and  all 
other  metals  exceeding  it  in  affinity  for  oxygen  are  dissolved  in 
this  menstruum.4  It  is  stated  that  a  solution  of  neutral  sulphate  of 
sesquioxido  of  iron  decomposes  chlorido  of  sodium  at  60°  C.  with  the 


3  Berg.  u.  hutteiun.  Zeit.  18,  p.  219.  !  4  I  have  frtclv  us«<l  Bcrzclhu's  deacrip- 
1859.  |  tion  of  this  wilt."  Vul.  Tr.  3.  p.  583. 
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separation  of  hydrochloric  acid  ;  and  that,  when  a  mixture  of  tho  dry  salt 
and  chloride  of  sodium  is  sufficiently  heated  with  access  of  air,  chlorine 
is  evolved  and  sulphate  of  soda  and  sesquioxide  of  iron  are  left. 

Sulphates  of  sesquioxide  of  iron  having  the  following  formulae  have 
been  described : 

(1.)  FS-O3,  2S03,  or  2(Fe»03,  3S03)  +  Fe'O*.  Bisulphate  of  sesquioxide  of 
iron  (Gmelin). 

(2.)  2F*r03.  3SO\  or  FrO\  3SO»  +  Fe^O3,  sesquisulphate  of  sesquioxide  of 
iron.  This  formula,  with  the  addition  of  SlIO,  is  assigned  to  the  mineral 
from  Chili  which  Pridcaux  designated  fibro-ftrritc,  and  which  he  was  the 
first  to  analyse.*  It  consists  of  delicate  silky  fibres  parallel  to  each  other. 
It  has  a  pale  greenish  yellow  colour,  and  is  a  very  pretty  mineral. 

(1)  Ft-O3,  SO3,  or  FeaO\  3S03  +  2Fe2Os.  Monosulphate  of  sesquioxide  of  iron 
(Gmelin),  and  biferric  sulphate  (Berzelius).  It  is  stated  to  contain  3  equi- 
valents of  water.  According  to  Soubeiran,  it  is  deposited  as  a  light  yellow- 
ish-red powder  by  heating  an  aqueous  solution  of  neutral  sulphate  of 
sesquioxide  (Fe^O3,  3S01)  to  which  carbonate  of  jKjtash  has  been  added  so 
long  i\s  the  precipitate  produced  ceases  to  be  re-dissolved. 

(4.)  2Fe503  SO5,  or  Fe^O3.  3S03  +  5Fe20»  Bibasic  or  dhnilphate  of  sesqui- 
oxide of  iron  (Gmelin).  and  quintiferric  sulphate  (Berzelius).  According  to 
Berzelius,  this  is  the  rust-coloured  deposit  formed  when  an  aqueous  solution 
of  green  vitriol  is  left  exposed  to  the  air  ;  but  Wittstein  states  that  this  is 
an  error,  and  that  the  salt  forming  by  the  action  of  the  air  on  a  solution  of 
green  vitriol  has  the  formula  2Fe203,  3S03  +  8110. 6  The  true  salt  is 
deposited  as  a  red,  flocculent,  and  somewhat  gelatinous  substanco  by 
incompletely  precipitating  a  solution  of  neutral  sulphate  of  sesquioxide 
with  ammonia.    When  hydrated  it  contains  6  equivalents  of  water. 

(ftO  3F«*H  SO3,  or  Fe20*,  3S03  +  8Ft?0*.  Terbasic  or  trisulphate  of  sesqui- 
oxide of  iron  (Gmelin),  and  octaferric  sulphate  (Berzelius).  It  is  deposited 
by  boiling  a  dilute  aqueous  solution  of  neutral  sulphate  of  sesquioxide 
(Fe^O",  3S03).  It  has  a  red  colour,  and  resembles  sesquioxide  of  iron ;  but 
on  desiccation  it  acquires  an  ochre-yellow  colour.  Its  formula  is  stated  by 
Scheerer  to  be  2(3Fe203,  SO3)  +  9HO. 

(6.)  4Fe20\  SO3,  or  Ftt^O3,  3S03  +  HFe20'.  Quadrobasic  sulphate  of  sesqui- 
oxide of  iron  (Gmelin).  The  existence  of  this  stilt,  on  the  authority  of 
Anthon,  seems  to  need  confirmation. 

(7.)  GFe'O3,  SO3,  or  FesOa,  3S03  +  17Fe*0".  Sexbasio  sulphate  of  sesquioxide 
of  iron  ((imelin).  It  is  stated  to  be  the  product  of  the  weathering  of  iron- 
pyrites  in  alum  slate,  and  is  described  as  dark  brown,  massive,  fatty  in 
lustre,  yielding  a  brownish-yellow  powder,  insoluble  in  water,  but  slowly 
soluble  in  hot  hydrochloric  acid.  Scheerer  assigns  for  it  the  following 
formula  :  2(7Fe203,  SO3)  4-  14H0.  ' 

It  will  be  remarked  that  the  equivalents  of  base  in  excess  of  that 
required  to  form  Fe'O",  3S0*  increase  in  the  following  ratios  from  No.  3 
inclusive:  2,  5,  8,  11,  17  ;  14  being  absent. 

Salts  of  the  following  formulae  are  described,  but  for  information 
concerning  them  the  reader  is  referred  to  Berzelius : 

FeO,  StP-p-Fe'O3,  3S0'.    It  is  produced  when  green  vitriol  is  ex- 

*  Phil.  Mag.  1841,  18.  p.  307.  I     7  Gmelin,  Handb.  5.  p.  241. 

•  Gmelin,  5.  p.  242. 


Digitized  by  Google 


48 


IRON  AND  SULPHUR. 


posed  to  the  air  until  the  ochrcous  basic  sulphate  of  sesquioxide  of 
iron  ceases  to  bo  formed. 

3FoO,SO,+2(Fe«0>,  3SOa)+4IIO.  This  salt  was  discovered  by 
Abich.  It  crystallizes  in  the  cubical  system.  Although  this  compound 
has  no  special  reference  to  the  metallurgy  of  iron,  yet  it  lias  points  of 
interest  which  induce  me  to  describe  its  mode  of  preparation.  Of 
crystals  of  green  vitriol  16  parts  by  weight  are  dissolved  in  water  so 
as  to  form  a  concentrated  solution  :  this  is  mixed  with  its  own  weight  of 
strong  sulphuric  afid,  and  heated  to  the  boiling  point ;  1  part  of  common 
nitric  acid  and  a  concentrated  solution  containing  5  or  0  parts  of  alum 
are  added,  after  which  the  whole  is  evaporated  in  a  water-bath  at  a 
temperature  not  exceeding  70°  C.  During  evaporation  a  dark-brown 
crystalline  powder  is  deposited,  which,  after  well  draining  off  the 
mother-liquor,  is  dissolved  in  water  strongly  acidulated  with  sulphuric 
acid.  This  solution  is  slowly  evaporated,  when  partly  at  the  bottom 
and  partly  at  the  surface  dark  coloured  crystals  are  formed  which 
collect  into  a  crust  and  gradually  fall  to  the  bottom.  The  crystals 
are  a  combination  of  the  cube  and  octahedron.  To  free  them  from 
water  they  are  washed  with  very  strong  alcohol  and  afterwards 
rapidly  dried.  Their  colour  is  dark  green,  approaching  black.  Their 
facets  have  nearly  the  lustre  of  diamond.  They  may  be  preserved  in 
dry  air  in  a  well-stoppered  bottle.  Abich  states  that  this  salt  is  not 
produced  unless  a  small  quantity  of  the  sesquioxide  of  iron  is  replaced 
by  alumina.  If  the  evaporation  of  the  acid  solution  takes  place  too 
quickly,  the  salt  separates  in  crystalline  scales  with  a  less  proportion 
of  water;  but,  what  is  singular,  this  may  be  prevented  by  the  addi- 
tion of  sulphate  of  copper  to  the  extent  of  [V  of  the  weight  of  the 
green  vitriol  employed,  though  no  copper  enters  into  the  crystals  of 
the  salt.  Barreswill  obtained  this  salt  of  a  deep-bluo  colour  by  the 
following  process:— A  saturated  solution  of  green  vitriol  is  divided 
into  4  and  f  by  measure.  The  former  is  boiled  with  sulphuric  acid 
and  nitric  acid  so  as  to  change  it  into  sulphate  of  sesquioxide  of 
iron,  and  is  afterwards  mixed  with  the  f  of  tho  original  solution. 
To  this  mixture  strong  sulphuric  acid  is  added  in  small  quantities, 
and  at  intervals  sufficient  to  prevent  any  sensible  rise  of  temperature 
until  the  whole  of  tho  salt  of  iron  has  been  precipitated.  The  preci- 
pitate has  almost  the  colour  of  Prussian  blue,  and  may  be  freed  from 
moisture  on  a  dry  brick.  In  this  state  it  does  not  dissolve  in  pure 
water  without  losing  its  blue  colour.8 

FeO,  SO'-MKFe'O",  3SOa)-f  10IIO. 

Fe'O3,  3SO'.  According  to  Berzelius,  it  is  formed  by  dissolving 
hydrated  sesquioxide  of  iron  in  sulphurous  acid. 

Berzelius  bis  described  a  curious  salt  of  the  formula  :>FeO,  'iSCF+S 
(Fe*0*,  2SO*)-l-36HO.  It  was  found  in  large  stalactites  in  the  copper- 
mine  at  Fahlun.  It  occurs  in  red,  transparent,  small  crystals,  mixed 
with  sulphate  of  magnesia  :  it  is  soluble  in  water. 

There  are  also  various  double  salts  of  much  interest  in  a  scientific 


*  B.  m  liu*.  Tr.  :i.  p.  :>K<>.    isf.l.  ,,.  08. 


Digitized  by 


SULPHIDES  OF  IRON  ROASTED  WITH  ACCESS  OF  AIR.  49 


point  of  view.  I  have  devoted  considerable  space  to  the  sulphates  of 
iron,  because  a  knowledge  of  them  is  desirable  in  reference  to  certain 
special  departments  of  metallurgy  to  be  considered  horcaftcr. 

Sulphides  of  Iron  Roasted  with  access  of  Air. 

The  reactions  are  substantially  the  same  in  roasting  every  variety 
of  sulphide ;  but.  thcro  are  two  sulphides,  namely,  tho  protosulphido 
and  tho  bisulphide,  which  require  separate  consideration. 

Protosulphide. — Heated  to  dull  redness  it  is  rapidly  oxidized  with  the 
evolution  of  sulphurous  acid.  The  nature  of  the  roasted  product  vanes 
considerably  with  the  temperature  at  which  tho  process  is  conducted. 
At  a  low  temperature  much  sulphate  of  protoxide  of  iron  is  formed,  which 
at  a  higher  temperature  is  resolved  into  sulphate  of  sesquioxido  of  iron 
(Fe*(r\  S(Y)  and  sulphurous  acid;  and  at  a  still  higher  temperature 
this  salt  loses  tho  whole  of  its  acid,  leaving  sesquioxido  of  iron  as 
the  final  product.  These  reactions  have  been  previously  stated. 
Whether,  supposing  the  temperature  be  gradually  increased,  the  basic 
sulphate  of  sesquioxido  Fe*()*,  SO1,  derived  from  the  sulphate  of 
protoxide,  loses  only  a  portion  of  its  acid  and  becomes  more  highly 
basic  before  its  final  and  complete  decomposition,  seems  probable  ;  but, 
so  far  as  my  knowledge  extends,  the  production  of  such  a  salt  during 
the  latter  part  of  tho  process  has  not  been  established  ;  notwithstand- 
ing, it  has  been  announced  as  a  fact,  and  the  formula  3Fe"Os,  SO* 
assigned  to  it.1 

Plattner  has  explained  the  mode  in  which  ho  conceives  the  for- 
mation of  sulphate  of  protoxide  of  iron  to  be  effected ;  and,  according 
to  his  views,  contact-action  plays  an  important  part."  The  production 
of  sulphuric  acid  by  this  action  in  tho  roasting  of  disulphido  of 
copper  ha«  already  been  fully  described  in  tho  First  Part  of  this 
work,  and  much  of  what  was  stated  under  that  head  is  applicable  to 
the  case  of  sulphide  of  iron,  and  need  not  bo  hero  repeated.  Sulphu- 
rous acid  and  protoxide  of  iron  are  supposed  to  be  generated  in  the 
first  instance.  Immediately  afterwards  tho  acid  by  contact  with  tho 
protoxide  of  iron  and  oxygen  of  tho  air  is  moro  or  less  completely 
converted  into  sulphuric  acid,  and  the  protoxide  for  the  most  part 
into  magnetic  oxide  of  iron.  As  the  sulphuric  acid  forms,  it  exerts 
an  oxidizing  action  upon  the  magnetic  oxide  and  converts  it  into 
sesquioxido,  with  the  liberation  of  sulphurous  acid ;  while,  at  the 
same  time,  the  portion  of  protoxide  remaining  unchanged  combines 
with  an  equivalent  proportion  of  sulphuric  acid  to  form  sulphate  of 
protoxide  of  iron.  Then  follow  the  reactions  whereby  sulphate  of 
sesquioxide  of  iron  and  finally  sesquioxido  of  iron  are  produced.  This 
theory  may  be  very  ingenious,  but  I  am  disposed  to  doubt  whether 
it  rests  on  satisfactory  experimental  evidence.  It  would  appear  that 
at  the  ordinary  temperature,  with  tho  simple  access  of  moist  air,  sul- 
phide of  iron  is  converted  into  sulphato  of  protoxide  by  the  direct 

1  Cihitzner.  Die  Auguatm'nchc  Silber-  I     8  Die  metall.  Roatproze&se,  p.  133. 
extraction,  1851,  p.  54.  | 
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oxidation  of  both  its  elements,  the  moisture  present  simply  promoting 
oxidation,  probably  in  the  same  way  as  in  the  rusting  of  metallic 
iron  ;  and,  if  this  be  so,  why,  it  may  reasonably  bo  asked,  should  not 
sulphate  of  protoxide  of  iron  proceed  from  tho  direct  oxidation  of  both 
elements  of  the  sulphide  in  the  ordinary  process  of  roasting,  heat  in 
this  instance  being  the  agent  in  exciting  and  favouring  the  reaction? 
Assuming,  as  Plattner  does,  the  distinct  formation  and  isolated  exist- 
ence of  protoxide  of  iron  in  the  first  stage,  I  have  difficulty  in  under- 
standing why  sulphuric  acid  should  not  be  produced  pari  jxissu, 
especially  as  this  oxide  is  a  powerful  base.  Assuming,  on  the  other 
hand,  that  in  the  process  of  roasting,  magnetic  oxide,  and  not  protoxide 
of  iron,  is  the  immediate  result  of  the  direct  oxidation  of  the  iron  of 
sulphide  of  iron,  the  evolution  of  sulphur  as  sulphurous  acid  is 
intelligible.  As  soon  as  magnetic  oxide  of  iron  exists,  Plattner 's 
contact-action  may  come  into  play,  and  sulphate  of  protoxide  of  iron 
be  then  generated.  There  is  no  doubt  of  tho  fact  that  magnetic 
oxide  of  iron  is  always  produced  in  greater  or  less  quantity  in  all 
roasting  operations  in  practice,  whether  on  the  large  or  the  small 
scale. 

Bisulphide  of  iron. — In  roasting  this  sulphide  there  is  direct  combus- 
tion of  a  portion  of  tho  sulphur  with  the  characteristic  pale  blue  flame 
and  tho  development  of  much  heat.  In  other  respects  the  reactions 
appear  to  be  identical  with  those  occurring  in  the  case  of  protosulphide 
of  iron,  except  that,  under  suitable  conditions  of  temperature,  bisul- 
phide of  iron  may  in  an  early  stage  of  the  process  be  changed  more  or 
less  completely  into  magnetic  sulphide. 

Iron  and  Nituooen. 

It  has  been  considered  of  late  that  nitrogen  plays  a  very  important 
part  in  the  metallurgy  of  iron,  and  it  is  even  maintained  by  some 
persons  that  it  is  an  essential  constituent  of  all  ordinary  kinds  of  steel. 
Tho  demonstration  of  the  presence  of  nitrogen  in  iron  is  by  no  means 
easy,  and  its  quantitative  determination  in  a  satisfactory  manner  is  a 
difficult  problem.  Hence,  the  results  of  different  chemists  who  have 
investigated  this  subject  are  far  from  concordant ;  and  I  shall,  there- 
fore, present  a  detailed  account  of  them.  The  effect  of  heating 
nitrogenous  matters,  such  as  leather  parings,  horn,  ferrocyanide  of 
potassium,  etc.,  with  iron,  has  long  been  known  in  tho  process  of  case- 
hardeniwj  ;  but  it  is  only  recently  that  the  theory  of  the  process  has 
been  elucidated  by  the  aid  of  chemical  analysis. 

Berthollet  found  many  years  ago  that  when  iron  is  strongly  heated  in 
a  current  of  ammoniacal  gas,  it  becomes  brittle,  without,  as  he  believed, 
increasing  in  weight.  Thenard"  subsequently  repeated  Berthollet's 
experiment,  and  arrived  at  the  conclusion  that  ammonia  is  resolved  by 
contact  with  iron  at  a  high  temperature  into  nitrogen  and  hydrogen 
gases,  and  that,  although  the  metal  undergoes  a  remarkable  change  in 
its  physical  properties,  its  weight  is  only  very  slightly  increased. 

"  TmitftU'  Oh.  1834,  1.  p.  434, 
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Savart*  proved  that  iron  thus  treated  increases  in  weight,  and 
that  ite  specific  gravity  was  reduced  from  7-78  to  7  (>G  ;  and  he  attri- 
buted the  increase  to  the  combination  of  ammonia  or  one  of  its 
elements  with  the  metal.  Despretz*  confirmed  Savart's  results  as  to 
the  increase  in  weight  and  decrease  in  specific  gravity :  in  five  experi- 
ments the  maximum  increase  was  1 1-538  and  the  minimum  o-04t>  for 
100  parts  of  iron,  the  average  being  7-798.  These  experiments  gene- 
rally lasted  from  6  to  8  hours.  Porcelain  tubes  were  employed,  and 
the  temperature  was  that  of  redness.  The  iron  is  rendered  white, 
brittle,  and  even  friable,  lighter,  and  less  liable  to  change  in  tho  air 
or  water  than  ordinary  iron.  It  is  attracted  by  the  magnet,  and 
dissolves  readily  in  acids.  Its  specific  gravity  is  occasionally  reduced 
to  5.  It  was  several  times  observed  that  the  metal  increased  consi- 
derably in  volume,  though  not  in  weight  moro  than  T61ot>'  When 
iron  which  had  been  thus  exposed  to  tho  action  of  ammonia  was  heated 
to  redness  in  a  current  of  hydrogen,  ammonia  was  evolved.  When  it 
was  treated  with  sulphuric  acid,  tho  hydrogen  liberated  was  found  to 
be  mixed  with  nitrogen,  but  less  gas  was  produced  than  from  an  equal 
weight  of  pure  iron,  owing  to  the  formation  of  ammonia,  which  was 
detected  in  large  quantity  in  the  solution.  Despretz  remarked  that 
the  carbonaceous  residue  obtained  by  the  solvent  action  of  tho  acid 
on  iron  which  had  been  treated  with  ammonia,  differed  in  appearance 
from  that  of  ordinary  iron,  yet  the  amount  of  residue  is  stated  to  have 
been  sensibly  the  same  in  each  case. 

In  1840  Sehafhautl  published  tho  results  of  quantitative  determi- 
nations by  himself  of  nitrogen  in  cast-iron.  He  employed  Dumas' 
method  of  burning  the  iron  in  vacuo,  and  another  exactly  similar  in 
principle  to  that  of  Will  and  Varrentmpp  for  nitrogenous  organic 
substances,  except  that  instead  of  soda-lime  he  used  a  mixture  of 
caustic  potawh  and  caustic  baryta.*  In  white  cast-iron  from  Maestog, 
»South  Wales,  he  found  0'76371%  of  nitrogen  ;  in  grey  cast-iron  from 
Creuzot,  France,  0-7202%;  in  English  cast-steel,  0-1831  %;7  and  in 
spiegeleisen.  l'20%* 

In  1850  Marchand  published  the  results  of  an  investigation  con- 
cerning tho  presence  of  nitrogen  in  iron.  By  the  application  of 
Lassaigne'K  test,  nitrogen  was  detected  in  numerous  varieties  of  cast- 
iron,  and  in  still  greater  proportion  in  steel,  but  never  in  malleable 
iron.  This  test,  which  is  stated  to  be  extremely  sensitive,  consists  in 
heating  to  redness  in  a  glass- tube  nitrogenous  carbonaceous  matter 
in  admixture  with  potassium  or  sodium.  Cyanide  of  the  metal  is 
formed,  which  is  dissolved  out  by  water;  and  to  the  solution  a  mix- 
ture of  proto  and  sesquichloride  of  iron  is  first  added,  and  then  a  little 
hydrochloric  acid,  when  Prussian  blue  is  precipitated.  Tho  iron 
tested  by  Marchand  was  in  the  state  of  fine  powder.  In  tho  presence 
of  iron  ferrocyanide  of  potassium  is  formed. 

«  Despretz,  Ann.  rte  Cli.  ft  do  Phy«.  I     7  Op.  eit.  pp.  517,  521,  585. 
1829,  42.  p.  122.  |     •  Teehlt.  Encyklnp  i.lie.  IWhtl.  1847, 

1  Op  cit  15.  p.  384. 

*  Phil.  Mug  1X1".  K  l».  44. 
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A  mixture  of  carbon  and  puro  iron,  however  intimate— such,  for 
example,  as  is  obtained  by  heating  succinate  or  benzoate  of  sesqui- 
oxido  of  iron— gave  no  indication  of  cyanogen  by  Lassaigne's  test. 
In  operating  upon  the  residue  of  oxalate  of  protoxide  of  iron,  Marchand 
once  obtained  very  faint  traces  of  Prussian  blue. 

When  cast-iron  is  heated  with  an  excess  of  potassium  the  formation 
of  cyanogen  is  completely  prevented ;  and  the  same  result  occurs 
when  the  mixture  is  heated  to  redness  with  free  access  of  air,  tho 
potassium  in  this  case  being  too  readily  converted  into  potash. 

When  the  residual  iron  in  an  experiment  was  tested  a  second  time, 
after  having  been  thoroughly  washed  and  rapidly  dried,  Prussian  blue 
was  again  formed  ;  and  as  this  substance  continued  to  be  produced 
by  repeatedly  operating  upon  the  same  specimen  of  iron,  Marchand  was 
led  to  suspect  that  the  nitrogen  might  have  been  derived  from  atmo- 
spheric air  rather  than  from  tho  iron.  He,  therefore,  proceeded  to 
apply  the  test  both  in  an  atmosphere  of  hydrogen  and  of  carbonic 
acid ;  and  found  that  numerous  specimens  of  cast-iron,  which  had 
previously  furnished  Prussian  blue  in  sensible  quantity,  now  produced 
a  much  less  amount  of  it,  and  it  was  only  after  5  or  6  days  that  a  very 
feeble  and  often  very  doubtful  indication  of  a  blue  precipitate  appeared 
on  tho  bottom  of  the  glass  vessel.  However  the  experiments  wero 
modified  with  respect  to  the  kind  of  iron  or  steel,  the  proportion  of 
potassium,  the  degree  of  heat,  the  same  negative  result  was  always 
obtained. 

In  order  to  prove  that  the  hydrogen  or  carbonic  acid  did  not  prevent 
the  formation  of  cyanogen,  Marchand  heated  animal  charcoal  with 
potassium  in  each  of  these  gases,  and  found  that  cyanogen  was  copiously 
produced. 

Marchand  next  ascertained  that  when  Lassaigne's  test  is  applied  to 
cast-iron  in  an  atmosphere  of  nitrogen,  this  gas  is  sensibly  absorbed. 

Marchand  considered  it  desirable  to  repeat  Sehafhautl's  experi- 
ments, and  subjected  iron  to  the  old  method  of  analysing  nitrogenous 
organic  compounds,  namoly,  by  heating  in  admixture  with  protoxide 
of  copper,  when  tho  nitrogen  is  evolved  in  a  free  state,  and  may  bo 
collected  and  measured.  Every  precaution  appears  to  have  been  taken 
to  ensure  accuracy.  In  one  determination  10  grms.  (about  153  grains) 
were  operated  on,  and  found  to  contain  0*0189%  of  nitrogen.  In 
several  combustions  of  cast-iron  and  steel  with  protoxide  of  copper, 
Marchand  obtained  tho  same  result. 

By  tho  soda-lime  process,  which  was  conducted  with  every  possiblo 
precaution,  Marchand  obtained  the  following  results : — 

No.             Nature  of  ihe  Iron.                    Locality.           Nitrogen  per  cent 
L  Cast-iron,  grey    Rottleberodc   0  009 

2.  Do.    (mother  specimen  ...  Do   0  003 

3.  Steel  from  a  filo    Englund    0  014 

120  grms.  of  steel  from  tho  same  file  were  dissolved  in  hydro- 
chloric acid  with  tho  aid  of  heat;  tho  residue,  which  weighed 
0-287  grin.,  and  consisted  chiefly  of  earthy  silicates  in  admixture  with 
carbon,  contained  0  0004 7  grm.  of  nitrogen. 
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In  six  other  experiments  with  English,  Swedish,  and  Miigdesprung 
cast-iron,  Marchand  obtained  precisely  the  same  results.  The  }>ossifjle 
amount  of  nitrogen  never  exceeded  0*015  °/0. 

It  was  ascertained  that  tho  presence  of  iron  does  not  affect  the 
accuracy  of  the  soda-lime  process  by  heating  cast-iron  in  fine  powder 
in  admixture  with  a  known  weight  of  uric  acid,  when  all  tho  nitrogen 
in  the  latter  was  obtained. 

Marchand  concludes  from  his  researches  that  the  presence  of 
nitrogen  in  cast-iron  and  steel  cannot  be  admitted  with  absolute  cer- 
tainty,— that  most  probably  it  never  reaches  0-02  %»  and  is  generally 
considerably  le«s,— that  any  nitrogen  which  may  be  present  evidently 
belongs  to  enclosed  foreign  matters,  which  are  no  more  to  bo  regarded 
as  essential  constituents  of  the  iron  than  enclosed  slag,— and  that 
when  iron  containing  carbon  is  heated  in  admixture  with  potassium 
to  redness  with  access  of  atmospheric  air,  nitrogen  is  absorbed  with 
the  formation  of  cyanogen. 

Three  different  kinds  of  artificial  graphite  were  submitted  to 
Lassaigne's  test,  but  not  the  smallest  traco  of  cyanogen  could  be 
detected. 

In  1852,  Buff  published  tho  results  of  some  experiments  which  ho 
had  made  in  Liebig's  laboratory  on  nitrogenized  iron.*  He  states  that 
when  iron  wire  was  heated  to  redness  in  a  current  of  ammoniacal  gas, 
it  became  brittle,  crystalline, and  white,  and  increased  6%  i*1  weight; 
its  specific  gravity  was  reduced  by  this  treatment  from  7-416  to  7-145 ; 
on  burning  it  with  soda-lime  ammonia  was  formed.  By  heating 
sesquichloride  of  iron  to  redness  in  ammoniacal  gas,  he  procured  scales 
of  tough  metallic  iron,  which  contained  0*043  %  °f  nitrogen.  Iron, 
which  he  reduced  from  sesquioxido  in  a  current  of  ammoniacal  gas, 
contained  0  079  °/c  of  nitrogen.  He  found  that  when  iron  containing 
1*8  °/0  of  carbon  was  heated  to  redness  in  a  current  of  ammoniacal  gas, 
it  lost  its  deep  black  colour,  became  grey-white,  and  contained  1*159  °/0 
of  nitrogen ;  the  iron,  upon  which  he  operated  in  this  experiment,  was 
prepared  by  reducing  sesquioxido  of  iron  in  a  current  of  carbonic 
oxide.  In  a  specimen  of  cast-iron  smelted  from  bog  iron- ore,  he  found 
0-26  %  of  nitrogen. 

Fremy  has  confirmed  the  accuracy  of  Despretz's  results  with  regard 
to  the  action  of  ammonia  on  iron  at  a  red  heat,  and  shown  that 
nitrogen,  and  not  an  amidogen  compound,  combines  with  tho  iron ; 
for,  when  the  nitrogenized  iron  is  heated  to  redness  in  a  tube  in  a 
current  of  oxygen,  the  metal  is  wholly  converted  into  sesquioxide  of 
iron,  nitrogen  is  disengaged,  but  not  the  smallest  trace  of  water  is 
formed.1 

The  action  of  pure  and  dry  nitrogen  upon  iron  has  been  examined 
by  Fremy,  and  he  finds  that  while  "  it  only  combines  with  great  diffi- 
culty with  iron  prepared  by  the  ordinary  processes  of  manufacture,  it 
may  combine  with  the  metal  when  the  latter  is  in  a  nascent  state." 


9  Ann.  (1.  Phanu.  u.  Chew.  1852,  new  st-rii*.  7.  p.  375.  1  Comp.  Rend.  1801,  52. 
1>.  322. 
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He  thus  obtained  nitrogenized  iron  by  passing  nitrogen  over  oxide 
of  iron  at  the  moment  of  its  reduction,  whether  by  hydrogen  or 
carbon. 

In  order  to  nitrogen ize  nearly  completely  small  bits  of  iron  wire  by 
ammonia,  Freniy  often  found  it  necessary  to  pass  a  current  of  the  gas 
over  the  metal  heated  to  redness  during  three  entire  days.  This  led 
him  to  seek  for  a  more  rapid  method,  and  he  states  that  he  has  com- 
pletely attained  his  object  by  exposing  anhydrous  protochloride  of  iron 
to  the  action  of  a  current  of  diy  ammoniacal  gas  at  a  bright  red  heat. 
He  states  that  chloride  of  ammonium  is  disengaged,  and  "a  very 
curious  amidogen  salt,  which  immediately  decomposes  water  with  the 
production  of  water  and  oxide  of  iron."  About  200  grs.  (3086  grains) 
of  protochloride  of  iron  are  thus  treated  at  a  time  in  a  porcelain  tube. 
This  method  of  preparation  had  been  long  previously  described  by 
Buff.*  After  the  operation,  the  metallic  product  will  occur  in  the 
state  of  an  intumesced  partially  melted  mass ;  it  is  sometimes  grey, 
but  often  motallic,  white,  and  brilliant  ;  it  is  identical  with  the  nitn»gen- 
ized  iron  produced  by  Despretz's  process ;  it  may  easily  be  reduced  to 
powder ;  it  is  less  oxidizable  than  pure  iron  ;  it  is  very  slowly  attacked 
by  nitric  acid,  but,  on  the  contrary,  rapidly  by  sulphuric  and  hydro- 
chloric acids ;  on  solution  in  acids,  salts  of  iron  and  ammonia  arc 
formed ;  it  is  not  decomposed  at  a  red  heat,  and  oxygen  only  attacks 
it  at  a  high  temperature,  changing  it  into  sesquioxide  of  iron  j  it  is 
immediately  decomposed  by  exposure  to  a  gentlo  heat  in  a  current  of 
dry  hydrogen  with  the  formation  of  ammonia  and  a  residue  of  pure 
iron ;  it  is  easily  magnetized,  and,  like  steel,  permanently  retains 
magnetism,  but  it  appears  to  possess  this  property  in  a  less  degree 
than  common  steel.  When  nitrogenized  iron  is  heated  in  a  charcoal 
brasque,  it  is  converted  into  a  metallic  mass  which  resembles  steel, 
and,  like  it,  acquires  great  hardness  in  the  usual  process  of  tempering. 
Fremy  remarks  that,  if  nitrogen  still  exists  in  the  metal  after  having 
been  thus  treated,  it  is  no  lunger  in  the  same  state  as  in  simple  nitro- 
genized iron  ;  for,  when  it  is  heated  in  a  current  of  hydrogen,  no  trace 
of  ammonia  is  evolved. 

According  to  Fremy  tho  proportion  of  nitrogen  in  simple  nitro- 
genized iron  may  bo  easily  determined  by  tho  loss  which  the  metal 
undergoes  when  heated  to  redness  in  a  current  of  dry  hydrogen ;  and 
in  this  manner  ho  found  that  the  substance  produced  by  heating  proto- 
chloride of  iron  in  nitrogen  contained  9  3  %  OI  nitrogen.  This  corre- 
sponds to  the  formula  Fe*N,  but  this  may  not  be  correct,  for,  as 
Fremy  remarks,  it  is  not  certain  that  tho  compound  thus  obtained  is 
in  a  state  of  absolute  purity :  the  temperature  at  which  it  is  formed 
and  the  atmosphere  of  hydrogen  which  surrounds  it  at  the  moment 
may  cause  its  composition  to  vary. 

Fremy  found  9*8  °/  of  nitrogen  in  a  specimen  of  nitrogenized  iron, 
which  he  prepared  by  exposing  a  small  cylindrical  piece  of  very  pure 
iron  to  the  action  of  ammonia  at  a  red  heat  during  20  hours. 


:  Ann.  <ler  Ghem.  u.  PImnn.  1S.V2,  S3,  p.  375. 
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Fremy  examined  English,  French,  and  German  steel  of  well  known 
"makes"  and  of  high  repute  in  commerce,  and  detected  nitrogen  in 
them  all,  as  was  shown  by  the  evolution  of  ammonia  which  occurred 
when  dry  hydrogen  was  passed  over  fine  filings  of  the  metal  heated  to 
redness  in  a  porcelain  tube. 

Several  years  ago  the  action  of  ammonia  at  a  high  temperature  upon 
iron  wast  examined  in  the  metallurgical  laboratory  by  Mr.  Dick. 
Porcelain  tubes  were  used  containing  thin  iron  wire  in  the  form  of  a 
helix.  In  one  experiment,  which  was  only  continued  li  hour,  the 
helix  increased  in  weight  from  254*17  grs.  to  255*30  grs.  A  piece  of 
straight  thick  iron  wire  was  operated  on  at  the  same  time,  and  increased 
in  weight  from  302*03  grs.  to  302*60  grs. ;  its  surface  was  white  ; 
it  was  only  superficially  changed,  and  on  bending  it  the  altered 
portion  scaled  off:  the  scales  were  attracted  by  the  magnet.  The 
helix  was  white  and  remarkably  brittle,  and  tho  fracture  very  bril- 
liant. A  piece  of  the  helix  was  dissolved  in  hydrochloric  acid,  care 
being  taken  to  exclude  air ;  ammonia  was  distinctly  evolved  from 
the  solution  by  the  addition  of  excess  of  potash.  A  comparative 
experiment  was  made  with  unaltered  iron  wire  of  the  same  kind  as 
that  of  which  the  helix  consisted,  but  not  a  trace  of  ammonia  was 
detected. 

31.  Bouis,  by  the  direction  of  General  Morin,  sought  for  the  presence 
of  nitrogen  in  malleable  iron,  steel,  and  cast-iron,  and  in  every  instance 
succeeded  in  finding  it.'  He  employed  the  process  of  passing  dry 
hydrogen  over  the  metal  heated  to  redness.  Hie  gas  after  desiccation 
passed  over  a  long  column  of  pumice  stone  heated  to  redness,  and 
afterwards  through  a  succession  of  several  cylindrical  glasses  filled 
with  fused  chloride  of  calcium.  In  every  experiment  two  porcelain 
tubes  were  placed  in  the  furnace  side  by  side,  and  through  both 
currents  of  the  same  dry  hydrogen  were  passed.  To  each  was  attached 
a  Will's  tube  containing  very  dilute  sulphuric  acid  of  known  strength 
as  determined  by  the  method  of  standard  solution.  The  metal  to  bo 
tested  was  put  into  one  of  the  tubes,  tho  other  remaining  empty,  and 
serving  as  a  check.  Bouis  states  that  whenever  iron  or  steel  was 
heated  in  hydrogen  white  vapour  appeared  and  traversed  the  acid 
solutions  without  condensing ;  it  had  a  strong  odour  of  burnt  organic 
matter  different  from  that  of  burning  horn,  and  only  lasted  during  a 
few  moments.  The  hydrogen  merely  removed  the  nitrogen  rapidly 
from  the  surface  of  the  metal ;  for  when  bars  of  steel,  which 
had  been  subjected  to  the  action  of  hydrogen  during  a  whole  day, 
were  filed  and  again  operated  upon,  as  much  nitrogen  was  evolved 
in  the  state  of  ammonia  as  in  the  first  experiment.  Hence  Bouis 
remarks  that  the  quantitative  estimation  of  nitrogen  cannot  be  made 
by  this  process,  unless  the  metal  is  in  a  state  of  very  fine  division 
or  the  process  is  continued  during  a  very  long  time.4  The  following 
are  Bouis'  results : — 


3  Comp.  Bend.  1861,  52.  p.  1195.  *  Ibid.,  p.  124'J. 
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Percentage 

Nature  of  the  metaL  of  nitrogen.  Kenmrka. 

Km*.  *d  total.  d-**r)       0  085  {H^d"ri Jf*  and 

D»-  *>   0-011  |V^'^~b-i  With  «*" 

Cast-Bteel  in  blades   0  059    Surface  presented 380  cub.  centira. 

Do  do  0  037  /Nuuhmvus  blisters  ibeaucoup  de 

******  \  boursouffiurcs^. 

The  last  after  filing    0  031 

Jackson's  cast  steel   0-058  {^^ZwZt*™**  '*  *  ^ 

Wootz   4   0*12     In  very  fine  aud  very  tbin  sbavings. 

Wrougbt  iron  (fer  doux)  in  blades  0*18     Surface  presented  200  cub.  centim. 

Gold  Win   0*14     350  metres  in  length. 

Wbi  te  cast-iron  in  small  fragments  0*15     Very  hard  and  manganesiferous. 

Grey       do.      fragmeuts   0-00 

Boms  states  that  he  found  very  small  quantities  of  nitrogen  in  the 
residues  obtained  by  the  action  of  acids  or  iodine  from  Jackson's  and 
Krupp's  steel,  and  from  Wootz. 

Houssingault  lias  estimated  the  proportion  of  nitrogen  in  different 
kinds  of  iron  by  two  methods.  In  the  first,  the  determination  is  mado 
by  volume,  just  as  in  the  original  nitrogen  analysis  of  organic  com- 
pounds. The  metal  in  wire  or  shavings  is  placed  in  the  middle  of  a 
glass  combustion  tube  surrounded  with  copper  foil,  of  which  one  end 
communicates  with  a  carbonic  acid  gas  generator,  while  the  other  is 
connected  with  a  delivery  tube  proceeding  to  a  mercurial  trough.  The* 
metal  is  mixed  with  cinnabar  which  extends  beyond  towards  the 
carbonic  acid  generator.  Atmospheric  air  is  completely  expelled  from 
the  combustion  tube  by  a  current  of  carbonic  acid,  which  is  then 
stopped  and  the  delivery  tube  put  in  communication  with  an  inverted 
receiver  containing  solution  of  caustic  potash.  The  metal  is  now 
heated  and  tho  wholo  of  the  cinnabar  is  gradually  passed  over  it  in 
the  shite  of  vapour.  W  hen  the  operation  is  finished  and  the  combus- 
tion tube  has  cooled  down  much  below  redness,  a  current  of  dry  car- 
bonic acid  is  sent  through  in  order  to  drive  the  remaining  nitrogen 
into  the  mercurial  receiver. 

By  this  method  nitrogen ized  iron  prepared  by  Despretz's  process 
was  found  to  contain  2*06  %  of  nitrogen,  a  specimen  of  cast  steel  0*057  °/c* 
a  wire  of  malleable  iron  0*124%,  and  another  specimen  of  similar 
wire  0-0G8  % . 

In  tho  second  method,  Boussingault  estimated  the  nitrogen  as  am- 
monia.* Tho  iron  is  dissolved  in  hydrochloric  or  dilute  sulphuric 
acid,  and  tho  solution  is  boiled  with  tho  addition  of  excess  of  potash 
or  lime  in  a  large  flask  connected  with  a  suitable  condensing  appa- 
ratus. The  distillate  in  successive  portions  of  50  cub.  centim.  is 
tested  for  ammonia.  It  is  essential  that  the  potash  should  be  abso- 
lutely free  from  nitrate  or  nitrite ;  for,  otherwise,  some  ammonia  is 
always  produced  by  tho  action  of  the  protoxide  of  iron  thrown  down. 
From  the  difficulty  ot  obtaining  potash  sufficiently  free  from  these 
impurities  lime  is  preferred.    The  ammonia  which  passes  over  in  the 

b  Oonip.  Keud.  1861,  53.  p.  77. 
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distillate  is  estimated  by  a  standard  solution  of  sulphuric  acid.  When 
this  process  is  properly  conducted,  it  would  appear  that  in  soine  caw* 
the  whole  of  the  nitrogen  is  evolved  in  the  form  of  ammonia.  The 
following  are  some  of  Boussingault's  results  : — 

iVrcrnUitre 
of  nUiop  o. 

Iron  nitrogenized  by  Deepretz's  method  gavo  by  wet  method  (just  described)  2  •  655 

Do.  do.  do.  cinnahur  method    2*  (160 

C^t  steel    wet  way    0  042 

Do.    cinnabar  method    0  057 

Pure  iron  prepared  by  Pe'ligot   wet  way   none. 

Wrought  iron  wire   do   0  0075 

Piano  wire  (corde  de  Berlin)    do   0  0070 

Do.    do   0  0080 

Krapp's  steel    do   0-022 

From  the  experimental  evidence  which  has  now  been  advanced  wo  may 
conclude,  1st.  That  nitrogen  does  combine  with  iron.  2dly.  That  its 
presence  has  been  detected  in  malleable  iron,  cast  iron  and  steel. 
3dly.  That  when  present  in  sensible  proportion  in  iron  it  modifies 
certain  of  the  physical  properties  of  tho  metal  in  a  remarkable  manner. 

Nitrate  of  protoxide  of  iron.  FeO,NO*. — It  is  prepared  by  dissolving 
sulphide  of  iron  in  dilute  cold  nitric  acid.  Towards  the  end  of  tho 
operation,  in  order  completely  to  saturate  the  acid,  the  liquor  may 
even  be  gently  heated.  Sulphuretted  hydrogen  is  disengaged,  so  that 
the  iron  is  oxidized  at  the  expense  of  water.  A  greenish  blue  solution 
is  thus  obtained,  which  by  evaporation  in  vacuo  yields  pale  green 
crystals  very  soluble  in  water.  In  the  presence  of  an  excess  of  acid, 
the  solution  is  easily  decomposed  by  heat ;  but  a  solution  of  tho  neutral 
salt  is  only  decomposed  at  about  100  °C,  when  nitric  oxide  (NO*)  is 
disengaged,  and  a  subnitrate  of  sesquioxide  is  copiously  deposited.' 
If  metallic  iron  be  substituted  for  sulphide  of  iron,  ammonia  is 
produced. 

The  action  of  nitric  acid  upon  iron  varies  much  with  the  specific 
gravity  of  the  former/  The  metal  dissolves  in  acid  of  sp.  gr.  10.J4 
without  any  evolution  of  gas,  nitrate  of  protoxide  of  iron  and 
nitrate  of  ammonia  being  formed,  as  is  explained  by  tho  following 
equation  : — 

lONO*  +  8Fe  +  3HO  =  8(FeO,  NO5)  +  NIP,  NO*. 

Nitric  acid  of  sp.  gr.  1*073  dissolves  iron  slowly,  but  not  without 
sensible  disengagement  of  gas;  and  the  solution  contains  nitrate  of 
sexprioxide  as  well  as  protoxide  of  iron,  and  nitrate  of  ammonia. 
Acid  of  *p.  gr.  1*115  in  dissolving  iron  produces  only  nitrate  of  sesqui- 
oxide without  any  ammonia,  so  that  this  alkali  only  appears  when 
nitrate  of  protoxide  of  iron  is  formed.  l»y  tho  action  of  acid  of  higher 
specific  gravity  than  1-115  nitrate  of  sesquioxide  of  iron  is  always 


*  Berzelhis,  Tr.  3,  p.  573.  whole  of  the  following  information  on 

7  An  interesting  puper,  entitled  "  Ke-    the  nitrates  of  tho  sesquioxide  of  iron. 

cherches  sur  lea  Azotatcs  do  Fer,"  has    Ann.  do  Chim.  et  de  l'liys.  :i.  «.  55.  pp. 

been  published   by   Hcheurer  -  Keatner,   330-342.  1850. 

and  from  this  I  have  taken  neurly  the  1 
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exclusively  generated.  But  the  nature  of  this  nitrate  varies  according 
to  certain  special  conditions.  Thus,  on  leaving  the  acid  to  act  during 
some  time  upon  the  metal,  more  or  less  basic  salts  are  produced,  which 
gelatinize  in  the  liquid  and  dissolve  by  digestion  in  water  at  40°  ('.  in 
the  course  of  24  hours.  In  order  to  prevent  the  formation  of  basic 
salts,  which  renders  the  preparation  of  the  neutral  salt  difficult,  the 
iron  should  be  taken  out  of  the  acid  as  soon  as  the  reaction  begins  to 
moderate  itself. 

Nitrate  of  sesquioxide  of  iron.  Fe8Os,3XO\— By  the  action  of  nitric- 
acid  of  sp.  gr.  1*332  upon  a  suitable  quantity  of  iron,  a  solution  of 
sp.  gr.  1-580  is  obtained,  which  on  cooling  deposits  the  salt  in  fine 
rectangular  prisms  of  a  brown  colour,  owing  to  the  interposition  of 
mother-liquor.  These  crystals,  when  dried  between  bibulous  paper, 
aro  nearly  colourless.  The  proportions  recommended  to  obtain  the 
finest  crystals  aro  4  equivalents  of  nitric  acid  of  sp.  gr.  1*332,  and  2  of 
iron.    The  following  equation  explains  the  reaction  : — 

4NO*  +  2Fe  =  Fe*0»  3NO»  +  NO*. 

The  action  is  very  energetic,  and  solution  is  effected  in  about  half 
an  hour.  On  employing  3  kil.  of  acid  of  the  above  strength  and  0k  850 
of  iron,  proportions  in  accordance  with  the  equation,  a  slightly  basic 
nitrate  is  produced,  because  some  acid  is  evaporated  by  the  heat 
evolved  in  the  operation.  But  on  employing  25  parts  by  weight  of 
acid  and  3$  of  iron,  a  neutral  solution  is  formed,  which  easily  crystal- 
lizes. The  crystals  aro  very  deliquescent,  and  dissolve  in  all  pro- 
portions in  water  and  alcohol,  producing  brown  solutions,  which  are 
rendered  colourless  by  the  addition  of  nitric  acid ;  after  desiccation  in 
a  current  of  hydrogen,  they  had  the  following  formula : — 

Fe20»,  3NO*  +  18HO. 

Considerable  lowering  of  temperature  is  caused  by  the  solution  of 
tho  crystals.  The  salt  is  very  readily  decomposed  by  heat.  At  50°  C. 
vapour  of  nitric  acid  is  evolved,  and  below  a  red -heat  the  whole  of  tho 
acid  is  driven  off*,  pure  seNquioxide  of  iron  remaining.  The  salt,  when 
enclosed  in  a  glass-tube  hermetically  sealed,  undergoes  no  change  at 
100°  C. ;  nor  does  it  suffer  any  change  by  ex]K>surc  to  sunlight."  On 
boiling  an  aqueous  solution  of  the  salt,  an  insoluble  basic  salt  i« 
thrown  down.  All  the  nitrates  of  sesquioxide  of  iron,  soluble  or 
insoluble,  are  completely  decomposed  by  boiling  in  water  with  car- 
bonate of  lime. 

Nitrate  of  the  formula  Fe'O",  2XO*  (sesquibasic)  may  be  prepared  un- 
dissolving the  required  proportion  of  hydrated  sesquioxide  of  iron  in  a 
solution  of  the  first  described,  or  neutral  salt.  By  cautious  evaporation 
between  30°  C.  and  40°  C,  the  solution  of  this  salt  becomes  thick  and 
syrupy,  and  afterwards  converted  into  an  amorphous  shining  black 


K  Scheuxer-Keatuer,  Arm.  de  Ohitu.  el 
tie  riiys.  3.  s.  57,  p.  231.  1859.  Vide 
ulao  a  pu]ier  by  the  same  author,  entitled 


"  Nouvellea  Reeherehes  t«ur  l'Azotatc 
Ferriquc."  Op.  eit.  3,  a.  65,  p.  110. 
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mass.  It  dissolves  in  all  pr<  'portions  in  water,  tmt  is  insoluble  in 
nitric  acid,  which  throws  it  down  as  an  ochreous  deposit  from  its 
aqueous  solution.  By  prolonged  contact,  nitric  acid  converts  it  into 
the  neutral  salt. 

Nitrate  of  the  formula  Fe"0*,  NO*  (tribasic)  may  he  formed  in  pre- 
cisely the  same  manner  as  the  last,  which,  moreover,  it  closely 
resembles  in  all  respects. 

By  boiling  the  solutions  of  three  nitrates  of  sesquioxide  above 
described,  the  three  following  basic  salts,  it  is  stated,  are  respectively 
deposited  : — 

1.  2Fe<<>\  XO»  +  HO,  or  Fc'O3.  NO4  +  Fe*0»  HO. 

2.  3Fe»0\  NO*  +  2HO,  or  *VO\  NO»  +  2  YvH  >\  HO). 

3.  NO*  +  3HO,  or  Fe'O3,  NC  +  3^F.  -O3,  HO). 

\\  ildenstein 9  and  Hausmann 1  obtained  crystals  to  which  they 
asMgned  the  formula  Fe*0»,  3N 0*4-12110.  The  fonner  states  they 
were  cubical,  but  the  latter  that  they  were  prismatic ;  and  this  agree« 
with  the  statement  of  Scheurer-Kestner,  and  also  with  an  observation 
of  Vauquelin,*  whu,  having  left  nitric  acid  in  contact  with  iron  scales 
during  several  months,  obtained  colourless  crystals  in  the  form  of 
rectangular  prisms.  Wildenstein's  cubes  were  as  limpid  as  water,  and 
had  been  very  slowly  deposited  from  a  solution  prepared  by  saturating 
slightly  diluted  nitric  acid  with  iron,  and  evaporating  to  the  specific 
gravity  of  about  1*5. 

Scheurer-Kestner  kept  hermetically-sealed  glass-tubes  containing 
the  sesqui-  and  tribasic  nitrates  of  iron  during  a  long  time  at  100°  C.8 
After  the  lapse  of  a  few  hours  the  colour  of  these  two  basic  salts  was 
considerably  changed,  having  passed  from  brown-red  to  brick-red. 
The  solution  appeared  limpid  by  transmitted  light,  and  turbid  by 
reflected  light.  On  opening  the  tubes  no  odour  of  nitric  acid  was  per- 
ceived. Yet  these  basic  salts  had  acquired  new  properties.  A  drop  of 
sulphuric  or  hydrochloric  acid,  or  of  a  solution  of  sulphate  of  potash  or 
soda,  occasioned  a  precipitate  in  them ;  whereas,  before  having  been 
subjected  to  the  action  of  heat,  only  strong  nitric  or  hydrochloric  acid 
produced  a  precipitate.  After  exposing  the  tribasic  nitrate  in  the 
manner  described  to  100°  C.  during  72  hours,  the  liquid  separated  from 
the  precipitate  contained  neutial  nitrate  (Fe'O",  3NO*).  No  further 
change  occuiTed  in  an  experiment,  prolonged  during  144  houra.  It  is, 
then,  only  these  two  basic  salts  which  are  susceptible  of  decomposition 
under  the  conditions  stated.  The  precipitate  caused  by  sulphate  of 
soda,  dried  first  on  unglazed  porcelain  and  then  in  a  current  of  dry  air, 
was  in  the  fonu  of  little  black  plates,  insoluble  in  concentrated  acids, 
but  very  soluble  in  pure  water,  reproducing  a  solution  bright  by 
reflected  light  and  turbid  by  transmitted  light.  This  solution  no  longer 
gave  the  characteristic  reactions  of  the  salts  of  iron  on  the  addition  of 
the  ferrocyanides  or  sulphocyanides,  but  yielded  precipitates  with 


•  L.  u.  K.  Jahiesb.  18ol,  p.  306. 

'  Ibi.1.,  1853,  p.  371. 

:  Berzelium  Tr.  3.  p.  5U2. 


J  Ann.  do  Cliim.  el  <k>  Phvs.  3.  s.  .r>7. 
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acids  and  sulphate  of  soda.  The  oxide  thrown  down  had  the  formula 
Fe*0",  HO,  and  that  obtained  after  heating  during  144  hours  had  the 
same  composition.  The  basic  nitrates,  then,  arc  resolved  by  tho  action 
of  heat  into  neutral  nitrate  and  hydrated  sesquioxide.  These  basic 
salts  suffer  change  by  long  exposure  to  sun-light,  tho  liquors  separated 
becoming  precipitable  by  sulphuric  acid  or  sulphate  of  soda;  but  in 
the  dark  they  undergo  no  change. 

The  description  of  tho  nitrates  of  iron  must  not  be  concluded  with- 
out a  few  observations  on  the  jxissivity  of  iron.  This  is  a  very  curious 
and  interesting  subject,  which  may,  possibly,  be  one  day  found  to 
admit  of  valuable  practical  application.  It  has  been  investigated  by 
several  able  observers,  yet  many  of  tho  phenomena  are  still  unex- 
plained. Iron  dissolves  very  rapidly  in  nitric  acid  of  sp.  gr.  1-384  ; 
but  when  the  liquor  approaches  saturation,  tho  metal  becomes  bright, 
and,  as  it  is  termed,  jxussive,  i.  e.,  it  is  no  longer  acted  on.  It  may  bo 
taken  out  and  put  into  acid  of  lower  specific  gravity  without  causing 
any  evolution  of  gas.  On  immersing  it  in  the  acid  in  contact  with 
another  piece  of  iron,  it  is  instantly  attacked  as  at  first.  If  now 
removed  and  placed  in  the  solution  of  nitrate  of  sesquioxide,  it  again 
becomes  passive  after  a  few  instants.  Scheurer-Kestner  ascertained 
.  that  the  passivity  of  the  iron  did  not  depend  on  the  greater  or  les« 
degree  of  saturation  of  the  acid.  Schonbein  states  that  iron  made 
passive  by  fuming  nitric  acid  continues  so  after  exposuro  to  tho 
air  during  several  hours,  or  even  days ;  and  Buff  asserts  it  loses 
its  passivity  when  all  the  acid  is  washed  off.  Iron  wire,  which  is 
passive  in  cold  nitric  acid  of  sp.  gr.  1*5,  gives  off  gas  somewhat  below 
80°  C. 4 

Iron  and  Phosphorus. 

These  elements  dp  not  combine  at  the  ordinary  temperature  ;  but 
when  phosphorus  comes  in  contact  with  red-hot  iron,  combination 
takes  place  with  much  increase  of  incandescence. 

r/iosphkle  of  iron  of  the  formula  FelfP. — The  product  thus  directly 
obtained  has  this  formula ;  it  is  readily  fusible,  and,  when  melted,  very 
liquid ;  it  does  not  permeate  the  body  of  clay  crucibles.  I  have  pro- 
pared  many  pounds  of  it  at  a  time  by  dropping  bits  of  phosphorus  on 
small  pieces  of  thin  sheet-iron  or  iron-wire,  or  on  iron-filings  heated  to 
redness  in  a  crucible,  taking  care  to  prevent  access  of  air  as  completely 
as  possible.  This  process,  however,  is  very  wasteful,  as  a  large  propor- 
tion of  phosphorus  escapes,  with  whatever  care  tho  manipulation  may 
be  conducted.  I  have  not  succeeded  in  thus  introducing  sensibly  more 
than  about  8  7U  of  phosphorus  into  the  iron.  Jn  one  specimen  made  in 
considerable  quantity,  1  found  8*23 °/Q  of  phosphorus ;  and  another  pre- 
pared recently  in  my  laboratory  by  Mr.  Ilochstattor  with  iron-wire 
contained  8-28°/0«  A  portion  of  the  latter  was  again  treated  in  a 
similar  manner  with  phosphorus,  after  which  the  total  amount  was  only 


*  (oneliii,  Hundb.  I,  pp.  :J55-:U)2.  All  the  fucta  published"  on  the  subject  prior 
to  1S48  ore  hero  collected. 
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8-4Q5  70«  It  is  possible  that  this  compound  consists  only  of  iron  con- 
taining in  solution  or  suspension  a  phosphide  with  a  larger  percentage 
of  phosphorus,  such,  for  example,  as  Fe4P.  The  fact  of  its  having  been 
obtained  in  distinct  crystals  is  no  certain  proof  of  the  contrary;  for 
Professor  Josiah  Cooke  has  shown  that  alloys  of  antimony  and  zinc  of 
very  variable  composition  have  the  same  crystalline  form. 

A  specimen  resulting  from  direct  combination  in  the  manner 
described,  and  left  to  cool  in  the  crucible,  had  the  following  characters  : 
Ite  upper  or  flat  surface  was  highly  crystalline,  presenting  long, 
slender,  interlacing  prisms ;  and  similar  crystals  were  also  visible 
round  the  sides.  On  breaking  up  the  button,  beautiful,  brilliant, 
iridescent,' prismatic  crystals  were  found  towards  the  central  portion, 
which  was  cavernous.  These  crystals,  as  well  as  those  round  the  sides, 
had  for  the  most  part  a  superficial  blue  colour,  like  that  of  watch- 
springs.*  The  fracture  was  very  uneven,  and  confusedly  crystalline ; 
when  freshly  made,  its  colour  was  greyish  white,  but  it  soon  acquires 
a  somewhat  variegated  tarnish,  of  which  the  prevailing  tint  is  reddish 
grey.  This  phosphide  is  easily  pulverizable.  It  is  very  hard,  being 
only  just  scratched  by  felspar,  but  not  at  all  by  apatite.  The  specific 
gravity  of  a  piece  of  the  mass  was  7*245.  It  is  strongly  attracted  by 
the  magnet.  Its  composition  may  be  represented  by  the  formula  Fe"T. 
It  is  only  partially  soluble  in  hydrochloric  acid,  cold  or  hot,  with  tho 
evolution  of  hydrogen,  an  insoluble  black  powder  remaining.  This 
residue  is  in  an  extremely  fine  state  of  division  ;  it  subsides  very 
slowly,  and  passes  readily  through  the  filter.  On  diluting  with  water 
the  hot  concentrated  acid  liquor  containing  the  residue  in  suspension, 
the  odour  of  phosphuretted  hydrogen  was  distinctly  perceived  ;  but  on 
diluting  tho  same  liquor  when  cold,  the  odour  of  this  gas  could  not  be 
detected.  After  subsidence  and  thoroughly  washing  with  alcohol,  the 
residue  when  dry  was  dark  brown.  Heated  before  the  blowpipe,  it 
emitted  a  bluish  light  and  the  odour  of  phosphorus,  and  melted 
globules  of  phosphorized  iron  were  obtained.  The  phosphide  was 
completely  decomposed  by  digestion  in  hot  sulphuric  acid,  sulphurous 
acid  being  evolved,  and  a  micaceous  white  precipitate  of  sulphate  of 
sesquioxide  of  iron  formed.  It  dissolves  only  partially  in  dilute  sul- 
phuric acid,  with  the  formation  of  a  residue  similar  to  that  resulting 
from  the  action  of  hydrochloric  acid.  The  phosphide  is  slowly,  yet 
perfectly,  dissolved  by  digestion  either  in  strong  nitric  or  nitro- 


fc  I  submitted  some  of  these  crystals  to 
Professor  Miller,  of  Cambridge,  who  has 
favoured  me  with  the  following  results  of 
his  examination  of  them  :— "  They  belong 
to  the  pyramidal  system,  and  present  un- 
doubted "cleavages  parallel  to  the  facts 
of  the  form  I  O  O  [of  his  system]. 
The  crystals  are  square  prisms,  having 
remarkably  bright  and  even  faces,  with- 
oat  a  trace  of  end  faces  of  any  kind. 
These  prisms  are  for  the  most  |mrt  at- 
tached at  both  ends  to  the  crystalline 
masH  of  phosphide.    When  broken  out  I 


tho  broken  ends  exhibit  a  very  bad 
cleavage  much  interrupted  by  conchoid*! 
fracture.  The  surface  is  gold  yellow, 
and  the  fractured  surface  more  nearly 
tin-white.  One  of  the  square  prisms 
which  I  detached  had  the  two  sides 
which  were  exposed  of  a  gold  yellow 
colour.  The  other  two  sides  were  tin- 
white.  I  therefore  conclude  that  these 
sides  were  obtained  by  cleavage.  The 
reflection  from  them  wus  not  so  good  as 
from  the  exposed  faces,  but  verv  much 
I  better  than  from  the  end  cleavage." 
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hydrochloric  acid.  It  dissolves  also  in  dilute  nitric  acid  with  the  aid 
of  heat.  The  phosphide  is  not  acted  upon  by  an  aqueous  solution  of 
potash  cither  cold  or  hot.  By  fusion  with  three  times  it«  weight  of 
carbonate  of  soda  at  a  red  heat,  a  black  product  was  obtained,  whicli 
was  magnetic,  aud  evolved  the  odour  of  phosphuretted  hydrogen  on  the 
addition  of  hydrochloric  acid.  By  the  action  of  a  solution  of  chloride 
of  copper  on  the  phosphide  during  8  days,  and  the  separation  of  the 
precipitated  metallic  copper  by  dilute  nitric  acid,  a  crystalline  powder 
was  left,  which  contained  85*06  %  of  iron.  This  nearly  corresponds  to 
the  formula  FeT. 

Phosphide  of  iron  of  the  formula  Fe'P. — It  is  prepared  by  heating  the 
phosphide  of  the  formula  Fe'P. 

P/iosffJu'de  of  itvn  of  the  formula  FeT. — According  to  Berzelius,  this 
phosphide  is  obtained  by  reducing  at  a  high  temperature  (in  a  smith's 
fire)  phosphate  of  protoxide  of  iron  (2FeO,l>(>3)  mixed  with  a  quarter 
of  its  weight  of  charcoal  in  powder.  Care  must  bo  taken  to  have  the 
phosphate  in  excess  ;  for,  otherwise,  the  carbon  would  expel  a  portion 
of  phosphorus,  and  some  cast-iron  would  be  formed.6  Half  of  the  phos- 
phorus is  volatilized.  Strove  obtained  this  phosphide  by  strongly 
heating  in  a  blast  furnace,  during  li  hour,  phosphate  of  sesquioxide  of 
iron  in  a  crucible  brasqued  with  charcoal  from  sugar.  Berthier  states 
that  this  phosphide  is  formed  by  strongly  heating  (150°  Wedgwood's 
pyrometer^  in  a  brasqued  crucible  1  part  of  sesquioxide  of  iron,  with 
2  or  3  parts  of  a  mixture  consisting  of  0*5  of  phosphate  of  lime,  025  of 
quartz,  and  0*25  of  glass  of  borax/  It  is  described  as  whiter  than  steel, 
bright,  crystalline-granular,  very  hard  and  brittle,  susceptible  of  a  high 
polish,  non-magnetic  (or,  according  to  Strove,  only  very  feebly  so), 
much  more  fusible  than  cast-iron,  but  a  littlo  less  so  than  copper.  Its 
specific  gravity  is  stated  to  be  6'7.  It  is  not  acted  upon  either  by- 
hydrochloric  or  dilute  sulphuric  acid ;  and,  according  to  Berzelius,  it 
only  dissolves  with  difficulty  in  strong  nitric  acid  and  in  aqua-regia. 
This  phosphide  has  been  examined  in  my  laboratory  by  Mr.  Hochstatter. 
It  was  prepared  by  the  process  of  Berzelius,  substituting,  however, 
phosphate  of  sesquioxide  for  phosphate  of  protoxide  of  iron.  In  every 
particular  the  statements  of  Berzelius  have  been  found  correct  But 
Struvo's  results  are  in  some  respects  different :  thus  he  states  that  it 
dissolves  pretty  readily  in  aqua-regia,  and  is  also  completely  soluble  in 
hydrochloric  acid  by  long  boiling,  half  of  the  phosphorus  in  this  case 
passing  as  phosphoric  acid  into  the  solution  ;  but  what  becomes  of  the 
other  half,  we  are  not  informed.  By  roasting  it  is  converted  into  basic 
phosphate  of  sesquioxide  of  iron.  On  the  same  authority  it  is  affirmed 
that  this  phosphide  of  iron  is  always  left  when  any  phosphide  of  iron 
containing  more  phosphorus  than  it  is  subjected  to  a  strong  heat  It 
readily  melts  before  the  blowpipe,  and  retains  its  phosphorus  for  a  very 
long  time  even  in  the  oxidizing  flame.8    It  is  stated  •  that  phosphide 


■  HorzHiux.  2.  p.  »190.  >  Beneliua,  op  eft.  p.  681. 

"  Tr.  2.  p  201.  J     9  Giui  lin,  Handbook,     p.  222. 
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of  iron  of  the  formula  FeT  may  bo  formed  by  throwing  bite  of  phos- 
phorus on  red-hot  iron-filings.  All  that  I  can  say  is,  that  I  have  not 
yet  succeeded  in  verifying  this  statement,  though  profuse  in  the  ex- 
penditure of  phosphorus ;  and  that  precisely  the  same  results  have 
been  obtained  at  intervals  of  many  years. 

Dif)hosj)hide  of  iron.  FeT. — According  to  Schrotter,  iron  in  a  pul- 
verulent state,  liko  that  obtained  by  reducing  the  sesquioxide  by 
hydrogen,  is  converted  with  incandescence  into  phosphide  of  this  for- 
mula by  exposure  to  the  vapour  of  phosphorus  at  a  scarcely  incipient 
red-heat.1  It  is  described  as  grey,  slightly  sintered  together,  non-mag- 
netic, attacked  neither  by  hydrochloric  nor  nitric  acid  (?),  and  as 
burning  when  heated  with  the  flame  of  phosphorus.  Struve  states 
that  with  the  aid  of  heat,  it  slowly  dissolves  in  hydrochloric  and  nitric 
acids,  and  that  J  of  the  phosphorus  pass  as  phosphoric  acid  into  the 
solution  ;  but  iodine  has  no  action  upon  it.*  Exj^scd  under  borax  to 
the  melting  point  of  cast  iron,  it  evolves  phosphorus,  leaving  a  well 
fused,  dark  iron  grey,  very  brittle,  non-magnetic  mass,  finely  granular 
in  fracture,  of  the  specific  gravity  of  6  28,  not  attacked  either  by 
hydrochloric  or  nitric  acid,  and  of  which  the  composition  may  bo 
represented  by  the  formula  FeT.  1 

Phosphide  of  iron  of  the  formula  Fe'P*  (?)— Struve  states  that  this  com- 
pound is  produced  by  exposing  phosphate  of  sesquioxide  of  iron  to  a 
current  of  hydrogen  at  a  white  heat.  It  is  described  as  an  un fused 
mass,  jrrev-white,  metallic  in  lustre,  and  not  attractable  bv  the  magnet. 
It  undergoes  no  chango  in  the  air ;  it  is  readily  attacked  by  nitric  and 
nitro-hydrochloric  acids,  especially  with  the  aid  of  heat,  the  whole 
of  the  phosphorus  being  converted  into  phosphoric  acid  ;  it  is  very 
slowly  dissolved  by  hydrochloric  acid,  with  the  conversion  of  half  of 
the  phosphorus  into  phosphoric  acid,  and  the  other  half  into  phosphu- 
retted  hydrogen  which  escapes.4 

Phosphide  of  iron  of  the  formula  FeT'.- In  tho  First  Part  of  this 
work  I  described  a  pulverulent  phosphide  of  iron  of  this  formula.  It 
was  left  by  the  action  of  dilute  nitrio  acid  on  copper  containing 
phosphorus  and  iron.    But  this  observation  requires  confirmation. 

Phosphide  of  iron  of  the  formula  FeU*.— According  to  H.  Rose,  it  is 
very  easily  made  by  passing  phosphuretted  hydrogen  over  iron 
pyrites  (FeS*)  heated  to  a  degree  insufficient  to  decompose  the  latter. 
Sulphuretted  hydrogen  is  evolved,  and  the  residue  is  tho  black, 
pulverulent  phosphide,  which  is  insoluble  in  hydrochloric  acid, 
but  soluble  in  nitric  acid  and  aqua-regia.  The  following  equation 
explains  the  reaction  : — 

3F0S2  4-  2PH>  =  FeT3  +  6HS. 
It  emits  the  flame  of  phosphorus  before  the  blowpipe.5 

1  L  u.  K.  Jahresb.  1849,  p.  246.  I     4  L.  U.  K.  Jahresb.  ISM,  p.  7G. 

*  Ibid.,  I860,  p.  77.  5  Berzelins,  Jaliresb.  \\\,  p.  88;  Tr.  2, 

1  Hvosk-f,   L.   u.   K.  Jnluwb.  18.V1.   p.  fi!U. 
p.  284. 
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Tho  following  is  a  list  of  all  the  phosphides  of  iron  which  I  have 
met  with  : — 

1.  Fc«2P.  3.  Fe'P.  5.  Ft^P3.  7.  F^P2. 

2.  FeflP.  4.  Fe^P.  6.  FeT2. 

Phosphorus,  even  in  very  small  quantity,  has  a  decided  effect  upon 
the  malleability  and  strength  of  iron  at  ordinary  temperatures,  render- 
ing it  cold-short,  i.  e.  brittle  while  cold.  Although  phosphorus  may  be 
present  in  sufficient  proportion  in  iron  to  render  it  very  cold-short,  yet 
it  may  have  no  injurious  effect  upon  the  malleability  of  the  metal  at 
high  temperatures  such  as  those  at  which  it  is  usually  forged  and 
rolled.  Thcro  is  no  fact  relating  to  the  metallurgy  of  iron  which 
seems  to  be  better  established  than  this,  and  certainly  there  is  not  one 
which  is  more  generally  received  as  correct.  Karstcn  was  of  opinion, 
that  so  long  as  the  phosphorus  is  below  0*5  °/o,  there  is  little  cause  fur 
apprehension  respecting  the  quality  of  tho  iron  ;  and  that  up  to  0'3  % 
the  only  effect  of  phosphorus  is  to  mako  iron  harder  without  sensibly 
diminishing  its  tenacity.  Iron  not  containing  more  than  this  propor- 
tion of  phosphorus  might  be  properly  regarded  as  of  tho  best  and 
strongest  quality.  To  the  same  metallurgist  we  also  owe  the  following 
observations.  Iron  containing  (Hi  %  of  phosphorus  will  not  stand  the 
breaking  test,  but  stands  the  test  of  bending  at  right  angles,  and  pretty 
well  that  of  striking  over  the  anvil ;  and  with  0*66  70  it  dues  nut  under 
these  tests  manifest  the  qualities  characteristic  of  cold-short  iron 
properly  so  called.  As  soon  as  tho  proportion  of  phosphorus  reaches 
0*75 %i  the  decrease  in  tenacity  is  very  notable,  and  tho  iron  no  longer 
completely  stands  the  usual  tests  above  referred  to.  With  0*8  °/Q  of 
phosphorus,  iron  is  to  be  regarded  as  decidedly  culd-short ;  and  with  1  0/o, 
a  bar  can  no  longer  be  bent  at  right  angles.  According  to  Karstcn  all 
iron  containing  more  than  1%  is  extraordinarily  brittle,  and  is  only  fit 
fur  very  few  applications.'  Mr.  Hochstatter  prepared  a  button  of  iron 
containing  1  %  °t  phosphorus,  by  melting  fino  iron  wire  cut  into  small 
pieces  with  a  sufficient  quantity  of  a  phosphide  of  iron  to  yield  tho 
requisite  amount  of  phosphorus.  Under  the  hammer  it  flattened  a  little, 
and  then  broke  across.  Its  fracture  was  fur  the  most  part  largely  crys- 
talline, and  presented  very  bright  planes  of  cleavage,  resembling  those 
of  antimony.  It  was  harder  and  whiter  in  fracture  than  a  button  of 
melted  iron  free  from  phosphorus. 

There  are  some  interesting  points  connected  with  the  discovery  of 
phosphorus  in  iron.  In  1781  Meyer  published  the  results  of  an  in- 
vestigation concerning  a  "  white  earth  "  which  he  had  discovered 
in  cast-iron  made  from  14  bug  iron-ores."  Ho  found  that  the  solu- 
tion of  this  iron  in  dilute  sulphuric  acid  deposited  a  white  preci- 
pitate, which  is  the  earth  in  question.  By  heating  this  per  se  in  a 
crucible  made  out  of  a  solid  piece  of  charcoal,  ho  procured  a  44  very 
beautiful  button,"  hollow  in  the  interior  and  containing  prismatic 
metallic  crystals.  The  metal  was  extremely  brittle,  easily  pulveri- 
zable,  very  fusible,  and  nut  attracted  by  the  magnet,     lie  made 

6  Ilundb.  d.  Eisenliuttonkunde,  Berlin,  1841,  1.  p.  420,  sec.  188. 
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numerous  experiments  upon  it :  he  melted  it  with  twice  its  weight  of 
lead,  and  obtained  a  very  uneven  button,  which  could  be  hammered 
somewhat  and  cut ;  its  fracture  was  granular ;  before  the  blowpipe  it 
gave  a  semivitreous  slag,  and  a  metallic  bead  attractable  by  the  magnet. 
Meyer  concluded  that  it  was  a  metal,  or  rather  semi-metal,  and  that  it 
caused  the  great  fusibility  of  the  cast-iron  from  bog  iron-ore.*  He 
published  a  second  series  of  experiments  on  this  supposed  new  metal, 
and  proposed  for  it  the  name  of  Wassereisen  or  Hydrosidcrum.7  Ho 
gave  a  summary  of  its  characters  which  leaves  no  doubt  that  it  was 
phosphide  of  iron.  Its  specific  gravity  was  G-710.  It  was  very  slowly 
dissolved  by  the  three  mineral  acid**,  but  most  rapidly  (?)  by  oil  of 
vitriol,  and  with  this  and  hydrochloric  acid  it  yielded  crystals.  In 
1784  Meyer  announced  that  his  pretended  new  metal  was  only  iron 
containing  phosphoric  acid ;  he  begins  his  announcement  with  the 
confession  that  44  to  err  in  chemistry  is,  alas !  too  easy,"  and  ends  it 
with  an  expression  of  evident  satisfaction  that  Bergmann  had  com- 
mitted the  same  blunder."  In  the  collected  works  of  this  distinguished 
Swedish  chemist,  which  appeared  in  1783,  is  a  chapter  on  the  cause 
of  the  cold-shortness  of  iron,  containing  the  following  information  : — 
A  44  white  calx "  was  slowly  deposited  from  the  filtered  solution  of 
cast  iron  made  from  bog- iron  ores  in  oil  of  vitriol.  This  44  calx  "  heated 
with  charcoal  yielded  a  metal  (or  rather  semi-metal,  regulus,  then 
termed)  of  the  specific  gravity  6-700 ;  it  was  white,  dull,  and  granular 
in  fracture,  with  no  sign  of  fibre,  very  brittle,  easily  fusible,  and 
difficultly  attacked  by  acids.  He  regarded  it  as  a  new  metal,  and 
called  it  Siderum.  It  is  singular  that  the  German  and  Swedish 
chemists  should  have  been  led  at  about  the  same  time  to  the  same 
conclusion  as  to  the  cause  of  cold-shortness  in  iron,  and  should  both 
have  proposed  the  same  term,  Siderum,  for  the  supposed  new  metal. 

In  1785,  after  the  decease  of  Bergmann,  his  illustrious  countryman, 
Scheele,  published  an  excellent  paper  on  the  subject,  which,  like  all 
the  contributions  to  chemical  science  of  this  acute  investigator,  wiU 
ever  be  deserving  of  study.9  He  proved  in  the  clearest  manner  that 
Siderum  was  only  phosphide  of  iron.  It  is  worthy  of  note  that  he 
precipitated  the  phosphoric  acid  as  phosphate  of  mercury  by  the  use 
of  nitrate  of  mercury,  so  that  in  the  application  of  the  latter  salt  in  the 
analysis  of  phosphates  he  forestalled  H.  Hose,  who  proposed  only  a  few 
years  ago  a  method  for  the  quantitative  estimation  of  phosphoric  acid 
founded  on  the  precipitation  of  phosphate  of  mercury  by  the  nitrate  of 
this  metal. 

In  1806  Vauquelin  communicated  to  the  French  Institute  a  valuable 
analytical  paper  on  certain  iron  ores  occurring  in  France,  and  the 
products  obtained  therefrom  in  smelting.  The  presence  of  phosphorus 
was  conclusively  established  in  cast-iron.1 


*  Schriften  der  Berlinischen  Gesoll- 
•ch&ft  naturforschender  Freunde.  Berlin, 
1781.  2,  p.  334. 

-  Op.  cit  1782.  3,  p.  380. 


8  Crell.Chcm.  Ann.  1784,3d  Part,  p.  19.r». 
•  Ibid.,  11th  Part,  1785,  p.  387. 
'  Jour.  de»  MineR,  1806,  20,  p.  381. 
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On  the  action  of  sulphur  on  iron  containing  phosphorus. — The  following 
experiment  has  been  made  by  Mr.  Hochstatter  in  the  same  manner 
as  the  preceding,  substituting  sulphur  for  sulphide  of  iron 

1.  Phosphorized  iron  (Fe"P    200  grains. 

Sulphur,  not  weighed,  but  in  large 


A  well-melted  button  with  a  bright  surface  was  obtained,  covered  with 
a  thin  layer  of  sulphide  of  iron ;  it  weighed,  without  the  overlying 
layer,  193  grains:  it  was  very  hard,  silver-white,  and  fine  grained  in 
fracture  ;  its  powder  was  strongly  attracted  by  the  magnet.  A  portion 
of  it  was  pulverized  and  digested  hot  with  strong  hydrochloric  acid, 
when  sulphuretted  hydrogen  was  evolved,  and  a  black  insoluble  residue 
remained,  which  dissolved  easily  after  the  addition  of  strong  nitric 
acid.    Its  composition  was  as  follows  :— 

Iron    89  54 

Phosphorus    8- 45 

Sulphur    2-19 

100  18 

On  the  fusion  of  iron  containing  stdphur  tcith  iron  containing  phosphorus.— 
The  following  experiments  have  been  made  by  Mr.  Hochstatter  : — 

Grains.      Ratio  of  equivalent*. 

1.  Phosphorized  iron  (Fe,2P)   184  1 

Sulphide  of  iron  (containing  39*4°/0  of  sulphur  ...  277  12 

These  were  finely  powdered  and  intimately  mixed  together.  Tho  mix- 
ture was  put  into  a  covored  and  luted  clay  cruciblo  contained  within 
another  also  covored  and  luted,  tho  space  between  the  two  being  filled 
with  the  powder  of  burnt  clay.  The  whole  was  exposed  to  a  good  red 
heat  during  about  an  hour.  A  well-melted  button  was  found  at  the 
bottom  of  the  crucible;  it  weighed  131  grains;  it  was  hard,  brittle, 
silver-white  in  fracture,  and  highly  magnetic.  This  button  was  covered 
with  a  stratum  in  all  respects  resembling  unchanged  sulphide  of  iron ; 
no  trace  of  phosphorus  was  detected  in  it  by  the  molybdato  of  am- 
monia test.  A  portion  of  the  button  was  pulverized,  and  digested 
during  several  hours  with  strong  hydrochloric  acid,  when  sulphuretted 
hydrogen  was  dissolved,  and  a  black  residue  remained  similar  to  that 
produced  by  the  action  of  the  sarao  acid  on  phosphide  of  iron  of  the 
formula  Fe'*P.  This  residue  completely  dissolved  in  nitro-hydrochloric 
acid,  with  the  exception  of  a  minute  quantity  of  siliceous  matter.  The 
composition  of  the  button  was  as  follows  : — 

Iron    87'83 

Phosphorus    10-75 

Sulphur   1-25 

99-83 

Grain*.        Katio  of  equivalents. 

2.  Phosphorizod  iron  (Fe<P    286  1 

Sulphide  of  iron  (containing  39  4%  of  sulphur)...  352  4 

The  experiment  was  performed  exactly  like  the  preceding.  A  button 
was  found  at  the  bottom  of  the  crucible,  with  a  rounded,  smooth  upper 
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surface ;  it  was  very  brittle ;  its  fracture  was  dark-grey  metallic,  aud 
coarse -grained  ;  and  its  powder  was  scarcely  attracted  by  the  magnet. 
This  button  was  covered  with  a  stratum  resembling  unchanged  sul- 
phide, which  weighed  about  300  grains.  A  portion  of  the  powder 
of  the  button  was  treated  with  hot  dilute  hydrochloric  acid,  when 
sulphuretted  hydrogen  was  evolved,  and  a  black  residue  remained. 
The  fine  powder  dissolved  slowly,  yet  completely,  in  nitro-hydrochloric 
acid,  with  the  exception  of  a  minute  quantity  of  siliceous  matter.  The 
upper  part  of  the  overlying  stratum  contained  no  phosphorus,  while  a 
considerable  amount  was  present  in  the  lower  part.  The  composition 
of  the  button  was  as  follows : — 


It  may  therefore  be  regarded  as  consisting  of  83*39°/0  of  Fe4P  and 
16-47%  of  Fe4S»,  or  Fe«S-f  2FeS.  By  the  action  of  dilute  hydrochloric 
acid  the  whole  of  the  sulphide  of  iron  is  extracted. 

In  the  first  of  these  experiments  it  appears  that  a  portion  of  the  iron 
was  transferred  from  the  phosphorized  iron  to  the  overlying  sulphide, 
with  a  consequent  relative  increase  in  the  proportion  of  phosphorus  in 
the  button. 

A  portion  of  each  of  the  buttons  obtained  in  the  preceding  experi- 
ments was  melted  with  twice  its  weight  of  iron-filings,  and  in  both 
cases  homogeneous  buttons  were  produced. 


•  A  well-melted  button  was  obtained,  covered  with  a  very  thin  layer  of 
sulphide  of  iron ;  the  two  together  weighed  309  grs.  The  button  was 
very  hard,  brittle,  silver-white  and  fine-graiued  in  fracture,  and  its 
powder  was  slightly  magnetic.  It  contained  4*52%  of  sulphur,  which 
is  nearly  the  same  as  that  found  in  the  button  previously  described. 

On  the  action  of  fluoride  of  calcium  on  iron  containing  phosplioru.s. — The 
following  experiments  were  made  by  Mr.  Hochstiitter  : — An  intimate 
mixture  of  phosphorized  iron  (Fe*P)  and  fluoride  of  calcium  was 
strongly  heated  in  a  clay  crucible  during  an  hour.  A  well-melted 
button  was  obtained,  exactly  similar  in  appearance  to  the  original 
phosphorized  iron.  The  crucible  was  much  corroded,  and  in  one 
place  perforated.  A  similar  experiment  was  made  in  a  brasqued 
crucible,  when  a  button  was  found  under  a  well-melted  layer  of  the 
fluoride.  The  button  exactly  resembled,  and  within  £  gr.  had  the  same 
weight  as  the  phosphorized  iron  employed. 

On  the  action  of  carbon  on  iron  containing  phosphorus. — The  following 
experiment  was  made  by  Mr.  Hochstiitter  : — A  brasqued  crucible, 
containing  100  grs.  of  phosphorized  iron  (Fe*P)  in  fine  powder  covered 
with  charcoal,  was  exposed  during  about  1|  hour  to  a  white  heat.  A 
well  melted  button  was  obtained,  which  weighed  89  grs. ;  its  fracture 
was  very  finely-granular  and  nearly  silver-white  ;  its  powder  was 


Iron   

Phosphorus 
Sulphur  


75  75 
1919 
4  92 
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magnetic  By  the  action  of  hot  dilute  hydrochloric  acid  hydrogen  was 
evolved,  having  the  same  odour  as  that  produced  by  the  action  of  the 
same  acid  on  iron  containing  carbon.  The  resulting  solution  of  iron 
was  free  from  phosphorus.  The  button  gave,  on  analysis,  18*1%  of 
phosphorus,  thus  showing  a  loss  of  nearly  5%  of  that  element,  of  which 
the  original  phosphorized  iron  contained  23*28%. 

Phosphate  of  protoxide  of  iron.  2FeO,  PO4.  '—It  is  formed  by  the  action 
of  a  slightly  concentrated  aqueous  solution  of  phosphoric  acid  upon 
iron,  hydrogen  being  evolved.  The  salt  at  first  dissolves  in  the  acid 
liquor,  but  as  the  latter  becomes  saturated  with  it,  it  is  deposited  as  an 
amorphous,  white,  or  whitish-grey  mass.  When,  according  toDebray, 
phosphoric  acid  is  boiled  with  metallic  iron,  small  colourless  acicular 
crystals  are  deposited  after  a  certain  time,  which  become  a  little  blue 
by  exposure  to  the  air.  The  same  salt  is  obtained  by  boiling  a  solu- 
tion of  sulphate  of  protoxide  of  iron  with  phosphate  of  magnesia 
prepared  in  the  cold.  It  has  the  formula  2FeO,  PO4,  3IIO,  or  (2FeO, 
HO),  P0»+2II0.  When  this  salt  is  heated  in  water  to  250°  C,  a  salt 
of  the  formula  .'iFeO,  P04+HO  is  produced  ;  it  has  a  deep  green  colour, 
and  is  in  small  crystalline  grains.'  By  the  addition  of  common 
phosphate  of  soda  (2NaO,  110+ PO4)  to  a  solution  of  sulphate  of 
protoxide  of  iron,  thore  is  formed  a  white  precipitate  with  a  sligbt 
tinge  of  blue,  which  redissolves  on  agitation,  and  continues  to  do  so 
until  after  the  addition  of  a  certain  amount  of  the  precipitant.  If  the 
liquor  is  filtered  before  the  whole  of  the  protoxide  of  iron  is  precipitated, 
the  hydrated  neutral  salt  is  left  on  the  filter  as  a  white  mass,  which 
very  quickly  becomes  bluish-grey  on  exposure  to  the  air.  The  filtrate 
in  contact  with  tho  air  acquires  a  white  cloudiness,  which  begins  at  the 
surface  and  extends  downwards  so  long  as  any  phosphate  of  protoxide 
remains  in  solution.  In  larger  quantity  it  inclines  to  grey-blue,  but 
becomes  nearly  white  by  washing  and  desiccation.  According  to 
Berzolius,  it  consists  of  the  neutral  phosphate  of  protoxide  in  combina- 
tion with  a  subsalt;  it  is  insoluble,  and  was  supposed  to  have  the 
formula  2FeO,  P04+2(Fe,0*,  2P04).  It  is  decomposed  by  caustic 
potash,  which  first  separates  brown  sesquioxide  of  iron  and  afterwards 
black  magnetic  oxide.  Phosphate  of  protoxide  of  iron  dissolves  slightly 
in  water  saturated  with  carbonic  acid  at  the  ordinary  pressure  of  the 
atmosphere.  Tho  degree  of  solubility  has  been  determined  in  my 
laboratory  by  Mr.  T.  Phillips :  in  one  determination  an  imperial  pint 
was  found  to  dissolve  4-7*3  grains  of  the  salt,  and  in  another  4*72 
grains.  This  corresponds  to  0  54  part  by  weight  in  1000  parts  of  solu- 
tion. According  to  Pierre  water  saturated  with  carbonic  acid  dissolves 
nearly  T0Vtt  of  its  weight  of  this  phosphate.*  Every  precaution  was 
taken  to  exclude  air  by  a  free  current  of  carbonic  acid  during  the  experi- 
ments. On  very  gently  heating  tho  solution  to  expel  the  carbonic 
acid,  the  salt  was  precipitated  in  a  granular  state.  A  bottle  containing 
a  saturated  solution  of  the  salt  in  water  impregnated  with  carbonic 


2  I  have  avniled  myself  freely  of  Berze-  I  p.  437.  1861. 
lftu'l  description  of  this  salt.   Tr.  3,  p.  574.       <  Ibid.,  36.  p.  70,  1852. 
J  Ann.  de  Oh  rn.  et  de  Phya.  3  ser.  61,  j 
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acid,  together  with  a  large  quantity  of  undissolved  salt,  was  set  aside 
during  two  or  three  weeks.  The  deposit  was  then  removed  and  care- 
fully washed,  when  it  was  observed  to  consist  of  amorphous,  in  ad- 
mixture with  crystalline,  phosphate.  The  crystals  were  bluish-white, 
small  but  sharply  defined,  and  appeared  very  distinct  under  the  micro- 
scope. They  ultimately  became  dark  greyish  blue.  By  heating  3  parts 
by  weight  of  phosphate  of  protoxide  of  iron  with  4  parts  of  iron  filings, 
a  button  was  procured  which  contained  2*38°/0  of  phosphorus.  It 
much  resembled  the  iron  containing  1%  of  phosphorus  previously 
described.    This  result  was  obtained  by  Mr.  Iloehstatter. 

Tritxisic  phosjthate  of  protoxide  of  iron.     3FeO,  PO*. — According  to 
Berzelius  it  is  produced  by  pouring  a  solution  of  phosphate  of  soda 
of  the  formula  3NaO,  PO*,  drop  by  drop  into  a  solution  of  a  salt  of 
protoxide  of  iron.    At  first  it  appears  as  a  cheesy  white  precipitate, 
which  on  standing  some  time  becomes  semitransparent  and  gelatinous. 
When  collected  on  a  filter,  it  absorbs  oxygen  and  begins  instantly  to 
turn  blue  or  green.    On  pouring  drop  by  drop  a  solution  of  sulphate 
of  protoxide  of  iron  into  a  solution  of  crystallized  phosphate  of  soda,  a 
precipitate  is  formed  which  Berzelius  supposed  to  have  the  formula 
2FeO,  PO»+2(3FeO,  PC).    Debray  has  prepared  this  salt  by  heating 
the  preceding  phosphate,  of  the  formula  2FeO,  PO»+3HO,  to  250°  C. 
He  describes  it  as  dark  green,  and  as  consisting  of  small  crystal  line 
grains.*    Colourless  crystallized  tribasic  phosphate  of  the  formula 
3FeO,  PO+8HO  has  been  found   in  Delaware,  U.S.     The  blue 
mineral  called  Vivianite  is  a  pseudomorph  of  this  salt,  and  con- 
tains variable   proportions  of  sesquioxide  of  iron   resulting  from 
atmospheric  oxidation.'    This  mineral  occurs  beautifully  crystallized 
as  well  as  earthy.    Many  years  ago  I  received  from  Dr.  Johnstone,  of 
Birmingham,  a  specimen  of  bone  which  had  been  dug  up  in  making 
the  railway  in  the  meadows  under  Castle  Bromwich.     It  was  very 
friable,  had  a  deep  greyLsh-blue  colour,  and  consisted  chiefly  of  phos- 
phoric acid  in  combination  with  protoxide  and  sesquioxide  of  iron.  In 
an  old  mine  in  I'pper  Silesia  was  found  a  human  skeleton,  of  which 
several  of  the  bones  presented  in  the  interior  crystals  of  Vivianite  and 
blue-grey  spots.    The  mine  had  been  worked  in  the  13th  century,  and 
it  U  not  known  how  long  the  skeleton  may  have  been  in  it.7  Sand- 
berger  found  in  horse's  teeth  taken  out  of  a  boggy  meadow  crystals  of 
Vivianite  from  1  to  1^  lino  in  length;  they  were  as  clear  as  water, 
bad  a  very  bright  lustre,  and  gradually  acquired  a  smalts-blue  colour 
by  exposure  to  the  air."    My  friend  Ur.  Miiller  has  in  his  possession 
a  fragment  of  the  bone  of  a  sheep  of  which  the  internal  cancellated 
part  contains  small  acicular  cryhtals  of  blue  Vivianite  having  a  remark- 
ably bright  lustre.    This  specimen  was  found  near  Schleitz,  in  Saxon 
Voigtland.    According  to  Bischof  when  a  solution  of  carbonate  of 
protoxide  of  iron  in  water  impregnated  with  carbonic  acid  is  mixed 


k  Ann.  A  Chim.  et  de  Phya.  3.  8.  61, 
p-137.  1881. 

*  RammeUberg.  Handb.  d.  Mineral - 
efacofa,  I860,  P.  325. 


1  Bischof,  Lehrb.  d.  Chem.  u.  Pliysik. 
Geologic,  1.  p.  725. 

■  L.  u.  K.  Jahrottb.  1854,  p.  858. 
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with  a  solution  of  phosphate  of  lime  in  the  same  menstruum  and  kept 
without  access  of  air,  turbidity  occurs  after  some  lime,  followed  by  the 
deposition  of  yellowish-white  phosphate  of  protoxide  of  iron.*  My 
friend  Mr.  Grill,  of  Sweden,  informed  me  that  he  had  seen  Vivianito 
introduced  into  an  iron-smelting  furnace  in  Germany  for  the  express 
purpose  of  producing  cast-iron  rich  in  phosphorus. 

Phosphate  of  protoxide  of  iron  and  ammonia.  2FeO,  POs-fXH"  +  12HO. 
— It  is  prepared  by  adding  ammoniu  to  the  solution  of  a  salt  of  prot- 
oxide of  iron  mixed  with  a  solution  of  phosphate  of  soda.  Every  pre- 
caution must  be  taken  to  cxcludo  air,  the  ammonia  and  phosphate  of 
soda  should  bo  in  excess,  and  the  whole  should  be  well  shaken  in  a 
stoppered  bottle.  The  flocculent  precipitate  at  first  formed  speedily 
becomes  crystalline,  like  the  corresponding  magnesian  salt.  When 
pure  the  salt  is  white,  but  it  acquires  a  green  tint  by  exposure  to 
the  air. 

Phosphate  of  sesquioxide  of  iron.  2Fe«08,  3POa+ 8HO.— Phosphate  of 
scsquioxide,  precipitated  by  the  addition  of  phosphate  of  soda  to  a 
soluble  sesquisalt  of  iron,  was  dissolved  to  saturation  in  an  aqueous 
solution  of  phosphoric  acid,  and  the  whole  was  left  in  a  stoppered 
bottle.  After  the  lapse  of  a  year,  was  deposited  a  mass  of  transparent, 
bard,  cubical  crystals,  having  a  slight  rosy  tint,  supposed  to  be  due  to 
manganese.  On  analysis  they  were  found  to  have  the  formula  stated 
above.  When  heated,  tho  salt  lost  its  water,  and  became  opaque  and 
dirty  white  in  colour.  It  was  insipid,  insoluble  in  water,  but  soluble 
in  hydrochloric  acid  as  well  as  in  caustic  ammonia,  with  brown-yellow 
discolouration.1 

Phosphate  of  sesquioxide  of  iron.  Suliphosphate  of  ferric  oxide  (Berzclius). 
Fe'O1,  PO\or  2Fe«0»,  3POs-f  Fe'O'.— Debray  states  that  on  exposing  to 
the  air  the  acid  solution  obtained  by  dissolving  iron  in  phosphoric  acid, 
and  from  which  crystals  of  phosphate  of  protoxido  have  subsided  on 
standing,  a  mammillated  matter  is  deposited  on  the  internal  surface  of 
tho  vessels,  which  is  nearly  white,  and  under  the  microscope  presents 
evident  traces  of  crystallization  :  it  has  the  formula  Fe'O*,  P0*4-4II0.  * 
It  may  be  prepared  by  adding  a  solution  of  common  phosphate  of  soda 
to  a  solution  of  sesquichloride  of  iron.  It  contains  4  equivalents  of 
water.  If  the  salt  of  iron  be  as  neutral  as  possible,  tho  liquor  becomes 
acid.  The  phosphate  is  precipitated  as  white  powder,  which  is  insoluble 
in  water,  but  dissolves  in  an  excess  of  sesquichloride  of  iron,  in  mineral 
acids,  and  in  carbonate  of  ammonia.  Debray  has  obtained  this  salt  as  a 
mammillated  deposit,  showing  a  decided  crystalline  structure  under  the 
microscope,  by  leaving  exposed  to  the  air  an  acid  aqueous  solution  of  the 
phosphate  of  the  formula  2FoO,  POa-f3HO."  It  undergoes  no  change 
by  exposure  to  the  air.  At  a  red  heat  it  becomes  anhydrous  and  brown. 
It  is  completely  decomposed  when  heated  with  soda  or  its  carbonate, 
tho  whole  of  the  phosphoric  acid  being  separated  as  phosphate  of  soda. 
By  tho  action  of  solution  of  potass  it  acquires  the  colour  of  sesquioxide 


9  Biachof,  op.  cit.  1,  p.  72,5. 
1  Winoklrr,  cited  from  Beraeliua'  Tr. 

:\,  p.  SUM. 
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of  iron ;  and  much  of  the  acid,  but  not  the  whole,  is  removed.  It  is 
slowly  turned  red-brown  by  solution  of  carbonate  of  soda,  and  partially 
dissolves  in  a  large  excess  of  this  solution.4  It  is  rendered  brown  by 
ammonia,  in  which  it  gradually  dissolves,  provided  excess  of  phosphate 
of  soda  or  ammonia  be  present.  The  brown  substance  is  a  basic  salt  of 
the  formnla  3Fe*0*,  2PO*+ 1  OHO.  Phosphate  of  sesquioxide  of  iron  is  a 
little  soluble  in  a  solution  of  a  salt  of  the  same  oxide,  but  is  insoluble  in 
acetate  of  the  protoxide  of  iron.  Hence,  on  the  addition  of  an  alkaline 
acetate  and  sesquichloride  of  iron  to  a  solution  of  phosphate  of  sesqui- 
oxide of  iron  in  acids,  some  of  the  latter  will  be  retained  in  solution ; 
bat  this  may  be  prevented  by  previously  reducing  it  to  phosphate  of 
protoxide  by  sulphurous  acid.  The  iron  is  thus  completely,  and  by 
boiling,  rapidly  precipitated.  Phosphate  of  sesquioxide  of  iron  dis- 
solves in  12,500  times  its  weight  of  water,  charged  with  about  its  own 
volume  of  carbonic  acid.5  At  a  red  heat,  such  as  is  obtained  with  an 
Argand  spirit-lamp,  this  phosphate  is  reduced  in  a  current  of  dry 
hydrogen  to  pyrophosphate  of  protoxide  of  iron,  2FeO,  PO4;  and  when 
this  salt  is  heated  in  a  porcelain  tube  to  whiteness  in  a  current  of 
hydrogen,  water,  phosphuretted  hydrogen,  phosphorous  acid  (PC),  and 
phosphorus  are  evolved,  and  there  remains  an  unfuscd  mass,  closely 
approximating  to  the  formula  Fe8Iw. 

The  following  phosphates  of  sesquioxide  of  iron  have  also  been 
described : — 

8e*l>sifrrric  phosphate,  3Fe*0»,  2PO\  or  2(2Fc,0B,  3P05)  -f-  5Fe«0\ 
(Berzelius). — It  is  precipitated  by  caustic  ammonia  from  a  solution 
of  the  salt  of  the  formula  Fe'O3,  PO*  in  hydrochloric  acid.  It  has  the 
colour  of  rust. 

Quadriferric  phosphate,  2Fe«0»,  PO»,  or  2Fei0B,  3PO*  +  4Fo'()\ 
(Berzelius).— It  occurs  naturally  as  an  amorphous,  brown,  resin-liko 
substance  at  Berneau  in  Belgium.  It  is  stated  to  contain  24  equivalents 
of  water/  It  falls  to  pieces  in  water.  Its  mineralogical  name  is 
Delvauxite. 

By  the  action  of  caustic  potash  upon  any  of  the  preceding  phos- 
phates, a  substance  is  left  which  consists  of  15  equivalents  of  seaqni- 
oxide  of  iron  to  1  of  phosphoric  acid.  Berzelius  designates  it  fofper- 
ftrrk  phosj/hate. 

On  the  action  of  iron,  at  a  high  temperature,  upon  phosphate  of  lime  in  the 
prince  of  carbon. — This  is  a  subject  of  much  practical  importance  with 
reference  to  the  smelting  of  iron-ores  containing  phosphate  of  lime. 
The  following  experiments  have  been  made  by  Mr.  Hoohstatter : — Of 
thin  iron,  cut  into  small  pieces,  700  gr  ains  were  mixed  with  870  grains 
of  bone-ash  and  GOO  of  powdered  anthracite.  The  mixture  was  ex- 
posed, under  a  layer  of  anthracite  powder  in  a  covered  plumbago 
crucible,  to  a  white  heat  during  1  hour.  The  product  was  a  fritted 
mass  containing  the  pieces  of  iron  wire  in  their  original  form,  except 


4  H.  Roae.  Anal.  Chcm.  1851,  1,  p.  I     a  Pierre,  op.  fit. 
123.  I     "  Berzelius,  Tr.  3,  p.  5l>4. 
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where  they  had  been  in  contact,  and  there  they  had  become  welded 
together.  The  wire  was  brittle,  and  had  a  fine-grained  and  approxi- 
mately Bilver-white  fracture.  On  washing  away  with  water  the  bone- 
ash  and  anthracite  from  the  wire,  phosphuretted  hydrogen,  not  spon- 
taneously inflammable,  was  evolved,  thus  proving  that  phosphide  of 
calcium  had  been  formed.  The  wire,  after  this  treatment,  was  melted 
under  plate-glass  in  a  covered  clay  crucible,  when  a  well-melted 
button,  weighing  706  grains,  and  tinted  blue  on  the  surface,  was  ob- 
tained. It  was  very  hard,  brittle,  and  strongly  magnetic.  It  was  fine- 
grained, and  approximately  silver-white  in  fracture,  except  in  spots 
here  and  there  of  a  bluish  tint.  Its  specific  gravity  was  7*08.  By 
analysis  it  was  found  to  be  composed  of  87  •  19°/c  of  iron,  and  12*66%  of 
phosphorus.    This  nearly  corresponds  to  the  formula  Fe'P. 

Trice  and  Nicholson,  who  were  employed  as  chemists  during  3  years 
at  the  Aberdare  Iron-works,  have  published  the  results  of  some  inte- 
resting and  instructive  experiments  on  this  subject.  They  heated 
mixtures  of  pure  haematite,  phosphate  of  lime  of  known  composition, 
flux,  and  coke  in  crucibles,  and  determined  the  proportion  of  phos- 
phorus in  the  buttons  obtained,  and  they  have  recorded  their  results  in 
the  table  below : 7 — 


No.  of 
experi- 
ment. 

Weight 

hirtnatite, 
In  gramme*. 

Weight 
of  phosphate 

of  lime. 
In  gramme*. 

Weight  of 

flux, 
in  grammes. 

Weight  of 
coke, 

Percentage  of  phosphorus 

In  button. 

Calculated. 

Found. 

L 

100 

0  25 

100 

2-25 

0G0 

0*56 

II. 

10-  0 

075 

10-0 

2-25 

1-83 

1G0 

m. 

10-0 

2- SO 

100 

2  50 

0-20 

2G0 

IV. 

100 

5-00 

100 

250 

12*60 

G-00 

The  same  trustworthy  chemists  have  also  published  the  following 
table  of  the  results  of  experiments  on  other  matters  containing  phos- 
phorus :— 


■ 

lame. 

Coke. 

Flux. 

Percentage  of 
pho»pbonu  in  button. 

Calculated. 

Found. 

3  5 
15 

V.  Welsh    black-band,  1 
ordinary  quality, —  > 

VI.  Argillaceous  ironi 
ore,  very  rich  in  1 
phosphoric  acid, —  j 

VII.  Brown      haematite,  I 
rich  in  phosphoric  [ 

100 
100 

175 
1  20 

0-82 
G-60 

0-81 
6*41 

100 

•  • 

•  • 

100 

6  90 

0-70 

VIII.  Slag  from  puddling- i 
IX.  Slug  from  bulling-i 

100 
100 

•  • 

•  • 

2-0 
20 

10-0 
100 

13  60 
227 

12  50 
225 

"  Phil.  Mag.  Dec.  1855.  10.  p.  423. 
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The  phosphoric  acid  in  the  ores  was  considered  to  be  in  combination 
with  lime,  and  that  in  the  slags  to  exist  as  phosphate  of  iron.  The 
flux  consisted  of  2  parts  of  shale  and  1  of  lime.  The  time  of  ex- 
posure in  the  furnace  was  about  the  same  in  all  these  experiments. 
In  Nos.  I.  and  II.  it  is  remarked  that  the  quantity  of  phosphorus  found 
agrees  pretty  well  with  that  deduced  by  calculation,  whilst  in  Nos.  III. 
and  IV.  it  falls  considerably  short.  "  That  this,"  the  authors  state, 
"  is  owing  to  the  length  of  time  during  which  the  reduction  process  is 
carried  on,  we  have  no  doubt,  as  we  have  frequently  repeated  the 
assays  with  the  same  proportions,  and  have  found  the  amount  of  phos- 
phorus in  the  button  to  vary  considerably,  never  having  succeeded 
in  obtaining  more  than  fths  of  tho  total  quantity.  If,  however,  the 
cementation  were  prolonged  for  a  sufficient  length  of  time,  it  is  very 
probable  that  the  whole  of  tho  phosphoric  acid  would  be  reduced.'* 

On  the  action  of  at  a  high  temperature,  upon  phosphate  of  lime  in  the 
presence  of  carlvn  and  free  silica.— Wohler  had  previously  investigated  this 
action.  The  following  experiment  by  Mr.  Hochstiitter  was  conducted 
in  the  same  manner  as  the  last  described.  The  proportions  of  the  ingre- 
dients were  1000  grains  of  finely-cut  iron- wire,  1250  grains  of  bone-nsh, 
625  grains  of  fine  white  sand,  and  250  grains  of  anthracite  powder.  The 
product  consisted  of  a  button  covered  with  imperfectly-melted  slag  con- 
taining shots  of  metal.  The  button  and  slag,  freed  from  the  excess  of 
anthracite,  were  remelted  in  a  covered  clay  crucible,  when  a  well- 
melted  button  was  procured,  which  weighed  984  grains.  The  slag  was 
perfectly  fused,  and  greyish  white  in  colour.  The  button  was  crystalline 
on  the  surface,  very  hard,  brittle,  and  strongly  magnetic.  Its  fracturo 
was  fine-grained  and  greyish- white  ;  it  represented  numerous  small 
cavities  lined  with  distinct  crystals,  having  a  blue  iridescent  tarnish. 
Its  specific  gravity  was  7 '25.  By  analysis  it  was  found  to  consist  of 
85-78'/0  of  iron,  and  14*10%  of  phosphorus.  This  approximates  to  tho 
formula  Fe*P. 

On  the  acti/m  of  phosphorus  on  iron  containing  sulphur. — According  to 
Janoyer,  phosphorus  does  not  expel  sulphur  from  its  combination  with 
iron;  and  in  proof  of  this  he  has  recorded  the  following  experiments 
which  he  made  : 8 — 

1.  10  grammes  of  very  fine  iron  wire,  cut  into  very  small  bits,  were 
melted  in  an  unbrasqued  clay  crucible  with  0*""-  20  of  iron-pyrites. 
The  button  was  well  melted,  and  contained  0-904%  of  sulphur. 

2.  10  grammes  of  the  same  iron  wire  were  melted  in  a  similar  manner 
with  (F*  20  of  iron-pyrites  and  0«,m  20  of  calcined  bones.  The  button 
was  well  melted,  and  contained  1  005%  of  sulphur. 

.Manganese  and  Phosphorus. 

As  manganese  frequently  plays  an  important  part  in  the  metallurgy 
of  iron,  the  following  experiments  made  by  Mr.  Uochstatter  may  be 
appropriately  introduced :— Of  nearly  pure  Swedish  pyrolusite  (MnO") 


■  Ann.  de*  Mines,  5.  s.  H.  p.  165.  1854. 
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2000  grains  were  intimately  mixed  with  2000  grains  of  bone-ash,  1000 
grains  of  fine  white  sand,  and  600  grains  of  Jamp  black  previously  heated 
to  redness  in  a  covered  cmcible.  The  mixture  was  exposed  in  a  covered 
clay  crucible  during  2  hours  to  a  white  heat.  A  well-melted  button 
was  obtained,  covered  with  greenish-brown  slag;  it  was  hard,  brittle, 
and  feebly  magnetic,  from  the  presence  doubtless  of  a  little  iron ;  its 
fracture  was  greyish-white  with  a  reddish  tinge,  highly  crj'stalline, 
and  presented  numerous  well-defined  crystals  ;  its  specific  gravity 
was  5*53 ;  it  partly  dissolved  in  hot  hydrochloric  acid,  wfith  evolution 
of  hydrogen  and  phosphuretted  hydrogen,  and  a  black  residue  re- 
mained which  was  not  examined ;  it  was  found  to  contain  21*97°/0  of 
phosphorus,  which  closely  corresponds  to  the  formula  Mn4P. 

I  BON  AND  AR8ENIC. 

Diarsenide  of  iron,  Fo"Ab. — The  information  published  respecting 
this  arsenide  is  not  only  unsatisfactory,  but  contradictory.  Thus,  ac- 
cording to  Gehlen  and  Bergmann,9  it  does  not  fuse,  whereas,  according 
to  Berthier,  it  is  very  fusible  !  Berthier  lias  given  the  following  de- 
scription of  it : — It  is  iron-grey,  very  fragile,  presents  on  fracture  large, 
very  bright  lamina),  is  not  magnetic,  is  very  fusible,  is  not  attacked 
by  hydrochloric  or  sulphuric  acid,  is  easily  acted  upon  by  nitric  acid, 
and  dissolves  in  nitro-hydrochloric  acid,  which  converts  it  into  arseni- 
ate  of  sesquioxide  of  iron.  It  is  stable  at  150°  (W.P.)  The  same 
metallurgist  states  that  this  arsenide  may  be  obtained  by  the  following 
process: — A  mixture  of  100  parts  by  weight  of  iron-scale  in  powder, 
50  of  arseniou8  acid,  50  of  carbonate  of  soda,  and  20  of  starch,  is  gra- 
dually heated  to  whiteness,  when  a  button  of  arsenide,  100  parts  by 
weight,  is  produced.  This  is  fused  with  arsenious  acid,  carbonate  of  soda, 
and  starch,  when  it  absorbs  25  additional  parts  of  arsenic.  Tho  second 
product  is  again  fused  with  the  same  mixture,  when  it  further  takes 
up  15  parts  of  arsenic.  Tho  last  product  contains  rather  more  arsenic 
than  1  equivalent  to  2  of  iron ;  it  is  somewhat  bubbly,  granular,  and 
easily  pulverizablc.1 

Arsenide  of  iivn.  FeAs.— This  compound  occurs  in  nature  in  several 
localities,  viz.  Reichenstein  in  Silesia,  Fos.su m  in  Norway,  Schladming 
in  Styria,  Broitenbrunn  in  Saxony,  and  Andreasberg  in  the  Harz.2 
Another  natural  compound  of  the  formula  Fe*Ass  is  also  admitted  ;  it  is 
met  with  at  l\eichen*tein  and  at  Qeier  in  the  Erzgebirge.*  I  shall 
consider  only  the  first.  The  specific  gravity  of  that  from  Iteichenstein 
was  found  to  range  from  8*67  to  8*71.  It  crystallizes  in  the  prismatic 
system  (Miller),  is  metallic  in  lustre,  white  in  colour,  brittle,  uneven  in 
fracture,  between  apatite  and  felspar  in  hardness,  and  not  attractable 
by  the  magnet.  Heated  in  a  close  vessel  it  yields  a  sublimate  of 
metallic  arsenic,  and  a  black,  magnetic,  metallic  residue.  Roasted 
with  access  of  air,  arsenious  acid  is  copiously  evolved  from  it,  and 

9  Gniclin.  Handb.  .r>,  p.  803. 
I  tt-rtliier.  T.  2.  p.  20& 
-  O.  Roar,  Krystnllo-dnmiscbe  Mineral- 


system,  18"»2.  p.  53  ;  R&mnul*l>erg,  Handb. 
d.  Mineralcbem.  18(]0,  p.  19. 
3  Kainnulsbere,  op.  cit.  p.  18. 
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basic  arseniate  of  seequioxide  of  iron  is  left.  It  is  attacked  by  nitric 
and  nitro-hydrochloric  acids,  but  not  by  hydrochloric  or  dilute  sul- 
phuric acid. 

Biarsenide  of  iron.  FeAs". — Iron  reduced  from  sesquioxid<  of  iron  by 
hydrogen  was  heated  to  redness  in  the  vapour  of  metallic  arsenic.  The 
experiment  was  made  in  a  glass  tube,  through  which  a  current  of  dry 
hydrogen  was  maintained.  The  tube  was  heated  over  a  gas-combustion 
furnace,  such  as  is  now  used  in  organic  analysis.  The  iron  having  been 
first  made  red  hot,  the  arsenic  was  volatilized,  and  its  vapour  carried 
over  the  iron  by  the  current  of  hydrogen.  Not  the  least  incandescence 
occurred,  though  the  iron  rapidly  and  completely  absorbed  arsenic,  of 
which  none  appeared  to  pass  beyond  the  iron  for  a  considerable  time. 
The  experiment  was  prolonged  until  the  whole  of  the  arsenic  originally 
employed  had  been  completely  volatilized  and  carried  beyond  the  iron, 
where  it  formed  a  copious  deposit  in  the  tube.  AVhen  cold,  the  product 
was  examined.  It  did  not  present  any  sign  of  funion,  but  had  become 
contracted  in  bulk  ;  it  continued  quite  as  pulverulent  an  the  reduced 
iron  before  it  carne  in  contact  with  arsenical  vapour ;  it  had  a  grey 
colour;  not  a  trace  was  taken  up  by  tho  magnet.  Heated  to  redness  in 
the  air  in  one  part,  combustion  is  propagated  through  the  mass,  which 
burns  like  tinder,  and  evolves  copious  fumes  of  arsenic.  When  mixed 
with  a  little  chlorate  of  potash,  it  ignites  like  gunpowder,  evolving 
the  odour  of  metallic  arsenic.  It  is  not  sensibly  acted  upon  either  by 
hydrochloric  or  dilute  sulphuric  acid.  It  contained  14-00%  of  iron, 
which  nearly  corresponds  to  the  formula  FeAs*  given  above.  Taking 
As  =  75,  the  calculated  per-centago  from  tho  formula  is  15*70% of  iron. 
This  experiment  was  made  in  my  laboratory  by  Mr.  Kichardson.  In 
another  similar  experiment  of  the  same  kind  the  product  wan  slightly 
sintered  together,  light  steel-grey  in  colour,  non  magnetic,  and  easily 
pulverizable.  It  was  not  acted  upon  by  hydrochloric  or  dilute  sulphuric 
acid.  It  was  found  to  consist  of  28  58%  of  iron,  and  70-83%  of 
arsenic.  Both  elements  were  quantitatively  determined,  the  arsenic 
being  weighed  as  arseniate  of  ammonia  and  magnesia.  This  product 
was  again  exposed  for  a  long  time  to  the  action  of  the  vapour  of 
arsenic  at  a  red  heat.  It  had  much  the  same  appearance  as  before, 
and  contained  26°/-  of  iron,  which  nearly  corresponds  to  the  formula 
FeAs. 

Arsenide  of  iron  of  the  formula  Fe'As. — Mixtures  of  iron  wire,  cut  into 
Mnall  pieces,  and  excess  of  arsenic,  were  fused  under  plate-glass  in 
covered  clay  crucibles.  Tho  products,  whjch  were  well  melted,  closely 
resembled  each  other  in  appearance,  were  very  brittle,  light  grey  in 
colour,  had  a  bright  lustre,  were  close  grained,  and  rather  crystalline 
in  fracture,  yet  differed  much  in  composition. 

Pieces  of  hoop  iron  were  heated  nearly  to  whiteness  in  a  clay  cru- 
cible, and  then  an  excess  of  arsenic  was  dropped  in.  Immediately 
combination  occurred  with  bright  incandescence,  and  the  iron  melted 
completely.  Two  experiments  were  made,  and  tho  products  wero 
very  similar  to  those  previously  obtained  with  iron  wire,  and  yielded 
respectively  53-02 7r  and  56-38°/c  of  iron.   They  were  again  heated  under 


Digitized  by  Google 


76 


IRON  AND  ARSENIC. 


plate-glass  nearly  to  whiteness  during  about  two  hours,  in  clay  cru- 
cibles with  luted  covers.  The  products  remained  apparently  unchanged, 
and  contained  respective!}*  58*70%  and  57'740/o  of  iron ;  thus  approxi- 
mating to  the  formula  Fe*As,  which  yields  59'89%  of  arsenic. 

Arsenide  of  iron  of  the  formula  Fe"As. — In  the  dry  assay  of  various  ores 
containing  arsenic,  a  speise  is  frequently  formed,  which  consists  essenti- 
ally of  iron  and  arsenic ;  and  although  it  is  produced  under  varying 
conditions,  yet  it  is  very  similar  in  composition  as  well  as  appearance. 
The  two  following  are  selected  by  way  of  illustration,  from  numerous 
results  obtained  by  Mr.  Smith  in  the  Metallurgical  Laboratory  : — 

1.  An  auriferous  ore,  composed  of  iron- pyrites,  arsenical  pyrites,' 
sesquioxide  of  iron,  6ilica,  etc.,  by  fusion  with  borax,  carbonate  of  soda, 
red  lead,  and  charcoal,  and  stirring  with  an  iron  rod,  gave  a  speise 
consisting  per  cent,  of 

Iron    70-93 

Arsenic  (bv  differcuce)    28-89 

Sulphur  (=FeS  0*49)   018 

2.  A  sample  of  arsenical  galena,  by  fusion  with  carbonate  of  soda, 
and  the  insertion  of  a  piece  of  hoop-iron,  gave  a  speise  consisting  per 
cent,  of 

Iron    72-17 

A reenic  (by  difference)    27*58 

Sulphur  (  =  FeS  0-69)   0-25 

The  composition  of  the  speise  in  both  cases  may  be  nearly  repre- 
sented by  the  formula  Fo'As.  Calculated  from  this  formula,  the  per- 
centage composition  is 

Iron    G9-14 

Arsenic    30-86 

The  speiBe  is  greyish  white,  hard,  and  very  fragile.  The  fractured 
surface  is  bright,  crystalline,  and  close  in  texture,  resembling  some 
varieties  of  white  "  refined  iron."  The  temperature  at  which  it  is  formed 
is  much  below  the  melting-point  of  wrought-iron,  and  the  conditions 
of  its  formation  are  such  that  the  arsenic  can  take  up  the  maximum 
amount  of  iron.  It  is  very  liquid  when  melted,  and  takes  sharply  the 
impression  of  the  mould  in  which  it  solidifies. 

1  am  indebted  to  my  friend  Mr.  Levick,  of  the  Blaina  Iron-works, 
for  half  of  a  cannon-ball,  one  of  a  great  number  from  Sinope,  which  he 
had  purchased  as  old  iron.  It  is  5f  in.  in  diameter;  it  is  cleanly 
broken  through  the  centre.  The  fractured  surface  presents  a  beauti- 
fully radiated  crystalline  structure,  long,  narrow,  bright  planes  ex- 
tending from  the  centre  to  tho  circumference.  It  is  greyish  white  in 
colour,  like  white  iron.  There  were  several  cavities  due  to  bad  casting. 
The  borings  from  one  of  these  balls  were  analysed  by  my  friend  Dr. 
Noad  in  1851>,  and  he  has  favoured  mo  with  the  results  of  his  analysis, 
which  are  as  follow  : — 

8ilieon   mere  traces 

Sulphur   0*57 

Phosphorus   mere  traces 

Arsenic   16*20 
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A  second  analysis  gave  nearly  the  same  results.  Taking  As  =  75, 
the  composition  may  be  nearly  represented  by  the  formula  FeuAs. 
A  piece  of  41  puddled  bar  "  made  from  these  balls  had  11  a  glistening, 
highly  crystalline  fracture,  and  would  not  weld."  It  contained  0*87°/o 
of  arsenic.  The  arsenic  was  weighed  as  ammonia-magnesian  arseniate, 
after  drying  at  1 00°  C. 

The  French  found  in  the  arsenal  at  Algiers,  after  their  conquest, 
bombs  and  cannon-balls  which  were  valueless  as  such,  and  were  ac- 
cordingly sent  to  France  to  be  recast  into  projectiles,  or  converted  into 
malleable  iron ;  but  it  was  soon  ascertained  that  the  metal  of  which 
they  consisted  was  good  for  nothing.  Berthier  found  in  it  a  large 
quantity  of  arsenic;  and  his  description  of  the  appearance  of  the  metal 
on  fracture  is  nearly  the  same  as  that  which  I  have  employed  in  de- 
scribing the  ball  from  the  Blaina  Works.  The  balls  were  more  fragile 
than  the  bombs.    The  results  of  Berth  ier's  analyses  are  as  follow  : — 

IV  .nib*.  Balls. 

Arsenic   9  8    27  0 

Carbon   1-5    10 

Iron    88  7    72  0 

100-0  100-0 

Specific  gravity...    7-58.->  7G5 

They  contained  neither  sulphur,  manganese,  copper,  nor  silicon. 
By  boiling  with  hydrochloric  acid  the  whole  of  the  arsenic  was  left 
insoluble  in  the  state  of  black,  granular  powder  (believed  to  be  FeAs), 
which  only  oxidized  very  slowly  and  very  difficultly  in  the  air,  even 
when  moistened  with  hydrochloric  acid.  But  the  metal,  both  of  the 
bombs  and  shells,  oxidized  very  rapidly  on  exposing  it  to  the  air, 
and  wetting  it  frequently  with  water ;  on  subsequently  treating  the 
oxidized  matter  by  hydrochloric  acid,  the  carbon  remained  mixed  with 
a  large  quantity  of  arsenide  of  iron,  and  no  arsenic  was  found  in  the 
solution,  thus  proving  that  no  arseniate  had  been  produced  during 
oxidation.  It  was  believed  that  these  projectiles  had  been  cast  in 
Spain,  but  nothing  was  known  respecting  their  date.  Berthier  was 
puzzled  as  to  the  ore  from  which  the  metal  had  been  derived,  and  con- 
cluded that  it  could  not  have  been  mvtpickel,  as  he  found  no  sulphur  in 
his  analyses.  He  therefore  inferred  that  somewhere  in  Spain  there 
must  be  abundant  deposits  of  arsenide  or  arseniate  of  iron.4  But  with 
appropriate  fluxes  there  would  be  no  difficulty  in  obtaining  from 
mispickel  an  alloy  of  iron  and  arsenic  practically  free  from  sulphur. 

Arseniie  of  protoxide  of  iron.  2FeO,  AsO*. — Berzelius  describes  it  as 
a  white  precipitate  which  dissolves  in  caustic  ammonia,  oxidizes  very 
rapidly  during  washing,  and  acquires  the  colour  of  yellow  ochre. 
Heated  in  a  close  vessel  in  this  state,  it  at  first  yields  water  and  after- 
wards melts,  when  arsenious  acid  sublimes  and  there  remains  a  rust- 
coloured  fused  mass.* 


•  Ann.  d.  Mines,  3.  8.  11,  p.  501,  1837.  4  Tr.  3,  p.  581. 
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Arsenate  of  jrrotoxide  of  iron.  2FeO,  AsO\ — According  to  Berzelius, 
it  is  thrown  down  as  a  white  powder,  which,  in  contact  with  air, 
becomes  first  brown  and  afterwards  dirty  green,  the  protoxide  passing 
during  this  change  into  magnetic  oxide  of  iron.  Heated,  in  a  close 
vessel,  the  neutral  salt  acquires  a  dark  grey  colour,  and  yields  a 
sublimate  of  arsenious  acid ;  whilst  the  protoxide  of  iron  passes  to  a 
higher  degree  of  oxidation  at  the  expense  of  the  oxygen  of  the  arsenic 
acid,  which  is  thereby  reduced  to  arsenious  acid.  Arseniate  of  prot- 
oxide of  iron  is  slightly  soluble  in  caustic  ammonia,  and  the  solution 
becomes  green  by  exposure  to  the  air;  but  it  does  not  like  the 
corresponding  phosphate  forni  an  ammoniacal  compound  insoluble  in 
water.8 

Arseniate  of  sesquioxide  of  iron.  2Fe,0*,  3AsOA. — Berzelius  describes  it 
as  a  white  powder,  insoluble  in  water,  which  becomes  red  when  heated, 
and  yields  17*08%  of  water  or  12  equivalents.  At  an  incipient  red- 
heat,  it  evolves  light  feebly,  and  is  afterwards  paler  and  yellowish  in 
colour.  Jt  dissolves  in  acids.  While  still  in  a  moist  state  it  also 
immediately  dissolves  when  caustic  ammonia  is  poured  upon  it,  but 
after  having  been  dried  it  is  only  soluble  by  digestion  with  that  alkali ; 
the  solution  is  red  and  transparent,  and  when  left  in  a  warm  place 
ammonia  escapes  from  it  without  causing  the  precipitation  of  the 
arseniate ;  the  liquor  which  has  lost  its  odour  remains  limpid,  and 
eventually  dries  into  a  fissured,  transparent,  ruby -coloured  mass,  which 
consists  of  a  double  sub-salt.  This  is  partially  decomposed  by  water, 
but  dissolves  in  ammonia ;  and  by  dry  distillation  water,  ammonia, 
and  at  length  arsenious  acid  pass  over,  a  green  mass  being  left  in  the 
retort.7  Berzelius  does  not  state  how  ho  prepared  this  salt.  By  the 
addition  of  arseniate  of  potash  to  dilute  sesquichloride  of  iron  contain- 
ing a  little  free  acid,  a  copious  precipitate  of  this  salt  occurs,  which  is 
not  puro  white,  but  has  a  pale  buff  tint.  After  gentle  drying,  it 
becomes  somewhat  deeper  in  colour.  On  heating  it  to  redness  in  a 
closed  tube,  water  is  first  given  off,  then  a  little  crystalline  sublimate 
of  arsenious  acid.  It  does  not  fuse,  and  retains  very  nearly  the  same 
colour  as  previously  to  calcination. 

Arseniate  of  sesquioxide  of  iron.  Sesquiferric  arseniate  (Berzelius). — 
Fo'O",  AsO\ — The  crystallized  mineral  "scorodite"  has  the  formula 
¥c*0*,  A80*+4HO.  It  is  prepared  by  oxidizing  the  neutral  arseniate 
of  protoxide  of  iron  by  nitric  acid,  evaporating  any  nitric  acid  which 
may  remain,  or  precipitating  the  salt  by  ammonia,  by  which  it  is 
neither  dissolved  nor  decomposed.  It  is  partially  decomposed  by 
potash,  with  the  formation  of  a  basic  salt,  similar  in  appearance  to 
sesquioxide  of  iron  precipitated  by  potash,  but  which  is  not  decom- 
posed by  tho  further  addition  of  potash.  This  salt  contains  7-0%  of 
arsenic  acid,  and  13-4%  of  water.  Berzelius  assigned  to  it  the  follow- 
ing very  complicated  formula 

Fe2Os,  SAhO5,  3110  +  25(2Fc°-0\  8HO). 

Heated  to  incipient  redness,  it  suddenly  becomes  incandescent. 

■  Herzeliiw,  8,  p.  581.  7  Tr.  3,  p.  G02. 
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Arseniate  of  sesquioxide  of  iron.  2Fe*0\  AsO*+  12HO.— It  has  been 
found  near  Freiberg,  and  is  known  to  mineralogists  under  the  name  of 
44  Eisensi  liter." 11 

The  beautiful  and  well-known  mineral,  "cube-ore,"  according  to 
Rammelsberg,  has  the  following  formula : — 

4Fe203.  3AsO*-  +  15HO,  or,  as  he  write*  it, 
3{FSO>,  AbO3  +  4uq)  4-  Fe^O3,  3HO. 

From  the  fine  green  colour  which  this  mineral  generally  possesses 
it  might  reasonably  have  been  expected  to  contain  at  least  some 
protoxide  of  iron,  as,  indeed,  was  admitted  by  Uerzolius.  This  instance 
of  green  coloration  in  a  salt  of  sesquioxide  of  iron  is  so  remarkably 
exceptional,  that  it  requires  to  be  established  on  evidence  beyond  the 
possibility  of  question. 

Arsenic  may  bo  completely  extracted  from  iron  by  deflagrating  the 
finely  powdered  metal  with  nitre  and  carbonate  of  soda  in  a  gold 
crucible.  By  washing  the  residue  the  arsenic  is  separated  as  soluble 
alkaline  arseniate,  while  pure  sesquioxide  of  iron  is  left.  Similarly, 
arsenious  or  arsenic  acid  may  be  entirely  removed  from  any  salt  of 

w  w  » 

iron  by  fusion  with  fixed  alkaline  carbonate  in  a  platinum  crucible. 
Arsenic  acid  may  also  be  perfectly  precipitated  in  the  state  of 
ammonia-magnesian  arseniate.  The  salt  of  iron  must  be  dissolved 
in  hydrochloric  acid,  peroxidized,  treated  with  tartaric  acid,  then  with 
excess  of  ammonia  and  a  solution  of  a  salt  of  magnesia  previously  mixed 
with  sufficient  ammoniacal  salt  to  prevent  the  precipitation  of  magnesia 
by  ammonia.  After  standing  many  hours  the  whole  of  the  arsenic  is 
deposited  ae  the  beautifully  crystalline  magnesian  salt,  which  must  be 
collected  on  a  filter,  washed  with  water  strongly  impregnated  with 
ammonia,  dried  at  100°,  and  weighed.  The  salt  thus  dried  has  the 
formula  2MgO,  NHHJ,  AsO*+HO  ;  it  contains  60*53%  of  arsenic 
acid  and  21*05%  of  magnesia.  If  the  salt  is  heated  rapidly  to  redness, 
it  loses  its  water  and  ammonia :  but  the  latter  exerts  a  reducing 
action  on  the  arsenic  acid,  and  causes  a  loss  of  from  4%  to  12%  of 
arsenic. 

Case-hardening  iron  or  steel  by  arsenic. — I  am  indebted  to  Mr.  C.  Ekman, 
of  Gothenburg,  Sweden,  for  the  following  information  on  this  subject. 
Rasped  leather,  horn,  or  other  nitrogenous  animal  matter  is  mixed 
with  a  solution  of  arsenious  acid  dissolved  in  hydrochloric  acid  to  the 
consistency  of  common  porridge.  The  metal,  as  files,  etc.,  is  painted 
over  with  this  composition  about  Jf  inch  thick.  It  is  then  heated  to 
bright  redness  in  a  muffle  or  iron  cylinder,  as  is  usual  in  hardening 
steeL  A  white  surface  of  arsenide  of  iron  is  thus  produced  of  great 
hardness.  Ekman  assured  me  that  iron  so  treated  is  effectually  preserved 
from  rust;  and,  in  proof,  ho  mentioned  the  following  fact.  Fifteen  years 
prior  to  1847  two  pieces  of  iron  identical  in  all  respects  were  selected, 
and  one  was  case-hardened  as  above  described.  Both  had  been  left 
during  this  long  period  exposed  to  precisely  the  same  conditions ;  the 
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piece  not  case-hardened  was  rusted  throughout,  while  the  other  retained 
its  original  bright  white  surface.  Should  this  statement  be  confirmed 
on  further  trial,  this  application  of  arsenic  may  be  very  valuable  in  a 
practical  point  of  view.  After  receiving  this  information,  many  years 
ago  I  made  one  or  two  experiments  on  the  subject,  but  did  not  cany 
out  the  investigation  as  1  proposed.  I  heated  iron  imbedded  in  a 
mixture  of  charcoal  powder  and  an  alkaline  arsenite  to  redness  during 
some  time,  and  found  that  its  surface  was  thereby  rendered  hard  ;  but 
rusting  was  not  prevented  in  consequence.  1  would  not,  however, 
pretend  to  set  this  result  against  the  positive  statement  of  so  careful 
and  trustworthy  a  man  as  Mr.  Ekman. 

Silicon. 

There  is  no  element  of  which  it  is  more  important  to  study  the 
action  in  relation  to  the  smelting  and  manufacture  of  iron  than  silicon  ; 
and  yet  our  knowledge  of  this  action  is  still  very  imperfect.  Silicon 
has,  however,  of  late  begun  to  make  itself  felt  as  a  power,  not  to  be 
despised  even  by  men  wTho  glory  in  styling  themselves  "  practical/' 
and  affect  contempt  for  everything  "  scientific."  Silicon  is  not  only 
a  constant  constituent  of  cast-iron,  but,  in  the  state  of  silica,  plays  a 
prominent  part  in  the  formation  of  slags,  both  in  the  reduction  of  the 
metal  from  the  ore,  and  its  subsequent  conversion  into  wrought-iron. 
On  this  account,  and  because  silicon  has  only  been  recently  studied, 
I  shall  here  present  a  concise  description  of  its  nature  and  properties. 
To  Wohler  and  Deville  we  are  indebted  almost  exclusively  for  our 
knowledge  of  this  element,  which  constitutes  so  large  a  proportion 
of  the  earth's  crust. 

Atomic  might.    22*2.    According  to  Dumas  21-075.  9 

Silicon,  according  to  Deville,  exists  in  three  allotropic  states,  the 
amorphous,  graphitoidal,  and  diamond-like,  so  that  in  these  respects  it 
resembles  carbon.1 

Amorphous  silicon. — Berzelius  gave  the  following  description  of  it: — 
It  is  a  dark  brown  powder,  does  not  conduct  electricity,  and  in  the 
dry  state  it  strongly  adheres  to  the  fingers  and  all  objects  with  which 
it  comes  in  contact.  It  cannot  be  melted,  but  on  exposure  to  a  high 
temperature  it  undergoes  considerable  change,  acquiring  a  higher 
specific  gravity  and  darker  colour.  Berzelius  regarded  silicon,  after 
having  been  strongly  heated,  as  an  allotropic  variety,  which  he  com- 
pared with  that  of  carbon  after  similar  treatment.  Silicon  before 
heating  was  represented  by  the  symbol  Sia,  and  after  heating  by  the 
symbol  Si fi. 

Sia.  It  burns  very  vividly  in  the  air,  but  only  about  a  third  of  it  is 
oxidized,  the  rest  being  protected  by  the  coating  of  silica  formed.  It 


9  L.  u.  K.  Jahresb.  1859,  p.  5. 

1  I  subjoin  references  to  tbe  books 
which  I  have  consulted  on  the  subject  of 
Silicon.  I  have  not  hesitated  to  translate 
literally  whole  passages,  though  seldom 
without  some   alteration  ;   otherwise  I 


should  have  introduced  inverted  commas. 
Berzelius.  T.  1.  p.  305  et  seq. ;  De%ille, 
Momoire  sur  le  Silicium,  Ann.  de  Chim. 
et  do  Phys.  3.  s.  49.  pp.  62-78,  1857  ; 
Wbhler,  Ann.  de  Chim.  et  de  Phys.  3.  s. 
47,  p.  116, 1856. 
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burns  still  more  vividly  in  oxygen,  with  the  formation  of  some  water, 
and  the  production  of  a  faint  bl ue  flame  at  it**  surface,  thus  showing 
the  presence  of  hydrogen  ;  and  this  occurs  even  after  having  taken  the 
precaution  previously  to  heat  the  silicon  nearly  to  redness  in  vacuo. 
It  is  neither  dissolved  nor  oxidized  by  sulphuric,  nitric,  hydrochloric, 
f»r  nitrohydrochloric  acids,  not  even  at  a  boiling  temperature ;  but 
it  dissolves  in  hvdrofluoric  acid  without  the  aid  of  heat,  and  in  a 
hot  concentrated  solution  of  caustic  potash  with  disengagement  of 
hydrogen. 

Si/j.  On  treating  some  Sin,  after  combustion,  by  hydrofluoric  acid, 
the  intermingled  silica  is  dissolved,  and  there  remains  a  dark  chocolate- 
brown  powder,  which  subsides  in  concentrated  sulphuric  acid,  and  is 
no  longer  in  the  least  degree  inflammable,  either  in  atmospheric  air  or 
oxygen.  It  does  not  burn  when  in  contact  with  chlorate  of  potash  or 
nitre  at  a  gentle  red  heat.  Neither  hydrofluoric  acid  nor  solution 
»>f  caustic  potash  acts  upon  it,  even  at  the  temperature  of  ebullition  ; 
but  it  dissolves  very  easily  in  a  mixture  of  hydrofluoric  and  nitric  acids, 
nitric  oxide  being  evolved. 

Berzelins  describes  several  methods  of  preparing  silicon,- heating 
potassium  in  fluoride  of  silicon,— heating  fluoride  of  potassium  and 
silicon  with  poU**sium,—  heating  potassium  in  the  vapour  of  chloride 
of  silicon  and  washing  out  the  chloride  of  potassium  in  the  product, — 
and  by  heating  silica  and  potassium  together.  He  speaks  highly  of 
the  last  process  but  one,  and  Deville  recommends  this  as  the  best  for 
obtaining  pure  amorphous  silicon  in  largo  quantity.  Devil le's  direc- 
tions for  conducting  this  process  are  as  follow  :— A  wide  tube  of  gluss  is 
completely  lined  internally  with  thin  lamina)  of  mica,  and  then  several 
small  porcelain  boats  containing  sodium  are  placed  within  it.  The 
tube  is  connected  with  a  tubulated  retort  by  means  of  a  cotk.  The 
neck  of  the  retort  is  fitted  with  a  cork  through  which  pass  a  tube 
conveying  dry  hydrogen  and  a  tube  with  a  funnel  mouth  piece :  on 
introducing  a  little  mercury  into  the  retort  the  lower  end  of  the  latter 
tube  becomes  closed.  A  current  of  hydrogen  is  now  sent  through  the 
apparatus,  after  which  the  tube  is  heated  to  redness  ;  then  the  chloride 
of  silicon  which  it  is  proposed  to  employ  is  poured  into  the  retort 
through  the  funnel  tube.  Gentle  heat  is  applied  to  the  retort,  so  that 
the  chloride  of  silicon  may  boil  and  its  vapour  pass  over  the  sodium, 
by  which  it  is  absorbed  with  the  emission  of  a  considerable  amount  of 
light  and  heat.  The  operation  is  thus  continued  until  the  sodium 
appears  to  be  exhausted,  and  until  even  the  tube  has  become  completely 
melted  and  distorted.  Without  this  precaution,  there  would  remain 
sodium  unacted  upon.  The  product,  consisting  of  chloride  of  sodium 
and  silicon,  is  washed  during  a  long  time  with  boiling  water  and  then 
dried.  Prepared  in  this  way,  according  to  Deville,  the  silicon  per- 
fectly resembles  Si/i  of  Berzelius.  When  suspended  in  water  and 
observed  in  sunlight,  Deville  states  that  it  appears  brilliant  and 
micaceous.  [Is  it  not,  then,  crystalline?]  It,  fuses,  contrary  to  the 
assertion  of  Berzelins  as  to  its  infusibility,  at  a  temperature  inter- 
mediate between  the  melting-points  of  cast-iron  and  steel;  and  in 
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fusing  it  small  crucibles  of  carbon  may  bo  conveniently  used.  After 
fusion,  it  presents  very  remarkable  indications  of  crystallization  ;  tbe 
globules  are  striated  parallel  to  large  circles  intersecting  each  other  at 
angles  which  seem  sensibly  equal ;  they  show  no  cleavage  ;  their  colour 
is  a  rather  deep  steel-grey,  and  their  lustre  is  like  that  of  specular  iron 
ore;  they  not  only  scratch,  but  cut,  glass  with  the  greatest  facility; 
and  thev  are  very  brittle. 

Deville  also  rccoinmends  the  following  process  for  the  preparation 
of  amorphous  silicon.  A  glass,  free  from  iron,  is  made  by  heating  in 
a  platinum  crucible  a  mixture  of  i»8  parts  by  weight  of  silica,  27  of 
Iceland  sjmr,  and  21  of  pure  fused  carbonate  of  potash.  This  glass 
coarsely  pounded  is  introduced,  along  with  a  quantity  of  sodium  insuf- 
ficient to  decompose  even  half  of  it,  into  a  tube  of  common  glass  which 
is  heated  just  to  redness.  There  is  no  evolution  of  heat  during  the 
reduction  of  the  silica,  and  the  opeiation  is  completed  when  the  sodium 
interposed  between  the  particles  of  glass  has  disappeared.  The  black 
masH  thus  produced  is  put  into  a  carbon  crucible,  enclosed  within  a 
covered  ordinary  crucible,  and  subjected  to  an  intense  heat  in  a  blast- 
furnace. The  silicon  will  be  found  diffused  through  the  melted  obsi- 
dian-liko  glass,  in  the  form  of  small,  very  brittle,  steel-grey  coloured 
globules,  which  are  readily  extracted  by  breaking  up  the  vitreous  mass 
into  small  fragments. 

Huff  and  YY  older  give  the  following  process  for  making  amorphous 
silicon  from  the  fluoride  of  sodium  and  silicon  (fluosilicate  of  soda). 
The  salt  is  mixed  with  about  its  own  weight  of  common  salt  which 
has  been  fused.  To  the  mixture  sodium  in  small  fragments  is  added, 
and  the  whole  is  thrown  into  a  red-hot  clay  crucible,  which  is  covered 
ami  heated  to  low  redness.  After  cooling,  the  mass  is  boiled  with 
water  acidulated  with  hydrochloric  acid,  and  the  silicon  left  is  after- 
wards purified  from  silica  with  hydrofluoric  acid.* 

Silicon  may  be  prepared  by  passing  the  current  from  a  battery  of 
four  of  liunsen's  cells  through  a  melted  mixture  of  equal  parts  by 
weight  of  fluoride  of  potassium  and  fluoride  of  sodium,  in  which  cal- 
cined silica  has  been  previously  dissolved.  The  silicon  appears  at  the 
negative  pole,  and  oxygen  escapes  at  the  positive  pole.  Carbon  elec- 
trodes may  be  used  in  this  experiment.  Silica  dissolves  readily  when 
added  to  the  mixed  fluorides  in  fusion. 

There  seems  to  me  to  be  a  little  discrepancy  in  Deville's  description 
of  amorphous  silicon.  Thus,  in  reference  to  the  silicon  formed  hy 
the  action  of  sodium  at  a  red- heat  on  chloride  of  silicon,  he  writes, 
44  The  matter  which  one  collects  perfectly  resembles  silicon,  which 
Berzolius  compares  with  carbon  strongly  heated."  Now,  Deville 
designates  this  amorphous  silicon  ;  yet  under  the  head  of  graphitoidal 
silicon  he  states  that  this  variety  "participates  in  all  the  properties 
which  BerzeliUB  assigns  to  silicon  strongly  heated,  except  perhaps  that 
it  offers  still  greater  resistance  to  the  burning  action  of  oxygen."  If  1 
am  correct,  the  methods  described  by  Deville  for  the  preparation  of 
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amorphous  silicon,  really  yield  a  cry  stalline  silicon,  and  not  tlic  tine 
8ia  of  Berzelius.  But  it  may  be  doubted  whether  this  variety  has 
ever  been  procured  absolutely  pure,  ami  at  the  same  time  absolutely 
amorphous. 

Graphitwhd  silicon, — This  beautiful  substance  was  finst  obtained  by 
Deville  in  admixture  with  aluminium.  Wohler  was  the  first  to  describe 
a  satisfactory  method  for  preparing  it.    This  consists  in  fusing  in  a 
Hessian  crucible,  at  the  melting-point  of  silver,  aluminium  with  from 
20  to  40  times  its  weight  of  thoroughly  dry  double  fluoride  of  potassium 
and  silicon.    The  mass  is  kept  melted  during  a  quarter  of  an  hour,  and 
left  at  rest  to  cool.  On  breaking  the  crucible  will  be  found  in  a  white 
or  greyish  matrix  a  metallic  button,  having  a  dark  iron-grey  colour;  it 
consists  of  aluminium,  in  which  is  iml>edded  a  largo  quantity  of  crys- 
talline silicon.    The  button  is  broken  up,  but  not  pulverized,  and  then 
treated  with  hot  concentrated  hvdrochloric  acid  until  hydrogen  ceases 
to     disen  traced  :  or  it  maybe  remelted,  and  the  aluminium  cautiouslv 
poured  off  from  the  silicon,  which  will  be  found  to  have  subsided  and 
accumulated  at  the  bottom.    The  molten  aluminium  acts  simply  the 
part  of  a  solvent,  but  the  whole  of  the  silicon  separates  in  a  crystalline 
form  on  solidification.    The  insoluble  residue  iH  heated  in  a  platinum 
capsule  with  tolerably  strong  hydrofluoric  acid,  which  extracts  the 
silicic  acid  contained  in  the  former.    A  crystalline  substance  is  thus 
procured,  whicli  requires  only  to  be  washed  and  dried.    This  is  graph  i- 
toidal  silicon,  which  separates  from  aluminium  on  solidification,  just  as 
jrraphite  separates  from  cast-iron  under  similar  conditions.    In  several 
experiments,   100  parts  by  weight  of  aluminium  have  yielded  from 
70  to  80  of  trie  siliciferous  alloy,  containing  from  65%  to  7f>70  of 
crystalline  wilicon. 

Thus  prepared,  it  is  in  the  form  of  brilliant  opaque  lamina-,  exactly 
resembling;  the  graphite  from  iron-smeltiijg  furnaces,  except  that  its 
lustre  is  more  highly  metallic  and  its  colour  inclines  to  lead  giey.  It 
>»  sometimes  procured  in  distinct  hexagonal  plates.    It  i.s  very  hard, 
scratching  glass,  but  not  topaz.    At  100°  C.  its  specific  gravity  is  2*4t»o. 
It  conduct*  electricity  well.    It  maybe  subjected  to  a  red-white  heat 
in  oxygen,  without  burning  or  changing  in  weight.    Heated  to  redness 
with  carbonate  of  potash,  it  decomposes  the  carltonic  acid  with  the 
emission  of  vivid  light,  and  is  converted  into  silicic  acid.    Heated  to 
incipient  redness  in  a  current  of  dry  chlorine,  it  burns  completely, 
and  is  converted  into  chloride  of  silicon  ;  and  when  similarly  treated  in 
a  current  of  moist  chlorine,  crystals  of  silicon  are  changed  into  psoudo- 
Uorphfl  of  transparent  but  easily  friable  silica.4 

ltuuKj  id-like,  or  o-tahedral  silicon. —  Silicon  dissolves  in  molten  zinc, 
and  separates  during  solidification  in  beautifully-formed  octahedral 
crystals,  belonging  to  the  cubical  system,  and  not  in  hexagonal  plates, 
as  from  aluminium.  The  following  directions  are  given  by  Wohler 
and  Deville  for  the  preparation  of  these  crystals  : — A  carefully-made 
mixture  of  ,100  parts  by  weight  of  fluoride  of  potassium  and  silicon,  HO 

*  L.  a.  K.  Jalirc*t».  1859,  p.  195. 
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of  sodium  cut  into  small  bits,  and  400  of  granulated  zinc,  is  heated  to 
strong  redness  in  a  covered  clay  crucible  until  the  contents  appear 
well  melted,  after  which  it  is  left  slowly  to  cool.  In  order  to  prevent 
perforation  of  the  crucible,  the  operation  must  be  eonducted  as  quickly 
as  possible.  Almost  the  whole  of  tho  crystallized  silicon  will  be 
found  collected  in  the  upper  part  of  tho  button  of  zinc.  Tho  button  is 
heated  so  as  merely  to  fuse  the  zinc,  which  is  then  poured  oft',  leaving 
the  silicon  with  some  adherent  zinc  in  the  crucible :  the  zinc  thus 
separated  may  bo  applied  again  for  a  similar  purpose.  The  silicon  is 
treated  with  concentrated  hydrochloric  acid,  which  dissolves  the  zinc 
and  any  iron  which  may  be  present ;  but  any  lead  which  may  have 
existed  in  tho  zinc  will  remain,  and  must  be  removed  by  strong  nitric 
acid,  after  which  the  silicon  must  be  thoroughly  washed  with  water. 
It  must  then  be  treated  with  hydrofluoric  aeid  to  free  it  from  oxide 
of  silicon  and  any  adherent  bits  of  the  crucible,  washed,  and  dried, 
when  it  may  be  regarded  as  pure.  Should  it  bo  desired  to  melt  it, 
it  is  mixed  with  some  fluoride  of  potassium  and  silicon,  put  into  one 
crucible  contained  within  another,  covered  with  coarsely-pounded 
glass  free  from  lead,  and  heated  for  some  time  at  tho  melting-point  of 
cast-iron.  It  is  then  taken  out  of  the  furnace,  and,  when  it  has  ceased 
to  be  red-hot,  it  is  plunged  into  cold  water  in  order  to  render  the  glass 
more  friable.  The  crucible  is  carefully  broken,  and  any  portions  of  it 
adherent  to  tho  lump  of  silicon  are  detached,  after  which  the  latter 
must  bo  digested  for  a  long  time  in  concentrated  hydrofluoric  acid. 
Melted  as  well  as  crystallized  silicon  is  attacked  and  dissolved  by  a 
mixture  of  nitric  and  hydrofluoric  acids.3  A  contributor  to  a  chemical 
journal  announces  that  he  could  not  succeed  in  obtaining  crystallized 
silicon  by  this  process !  I  have  tried  it  repeatedly,  and  never  failed  to 
procure  beautiful  crystals.  No  acid  acts  upon  it.  I  have  kept  it  in 
sulphuric  acid  at  or  near  the  boiling-point  during  about  20  hours 
without  perceiving  the  slightest  action.  A  strong  solution  of  potash  or 
soda  slowly  dissolves  it  with  evolution  of  hydrogen.  \\  hen  thrown 
into  molten  hydrate  of  potash  in  a  gold  crucible,  vigorous  action, 
attended  with  much  effervescence,  occurs.  It  is  a  beautiful  experi- 
ment to  drop  these  crystals  into  a  molten  mixture  of  potash  and  nitre 
in  a  gold  crucible  ;  thero  is  incandescence  with  purplish  light,  as  each 
crystal  falls  in  and  suddenly  disappears  :  where  much  is  added  at  a 
time  tho  whole  surface  of  the  melted  mass  becomes  covered  with 
purplish  flame.  The  product  is  limpid  and  colourless.  I  found  no 
action  produced  by  heating  it  to  redness  in  the  vapour  of  sulphur. 

The  vapour  of  chloride  of  silicon  is  passed  over  aluminium  heated 
to  bright  rodncss  in  a  porcelain  rube.  Precisely  tho  same  kind  of 
apparatus  is  used  as  that  previously  described  for  the  preparation 
uf  amorphous  silicon,  the  only  differences  being  that  a  porcelain, 
instead  of  a  glass,  tube  is  employed,  and  aluminium  instead  of  sodium. 
The  vapour  of  the  chloride  of  silicon  u*  decomposed  by  contact  with 
the  aluminium,  heat  is  evolved,  and  small  bright  sparks  appear  here 
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and  there  (s'agitent)  in  the  tube.  41  There  is  evidently,"  says  Deville, 
44  projection  of  metallic  matter,  which  without  doubt  is  difficult  of  ex- 
planation, but  which  explains  the  following  equally  strange  pheno- 
menon. On  withdrawing  the  little  boats,  they  are  found  to  be  exactly 
filled  with  large  and  beautiful  needles  of  silicon,  which  are  disposed 
in  the  tube  in  such  a  manner  as  might  lead  to  the  belief  that  silicon 
or  aluminium  is  volatile.  This  appearance  is  only  explicable  by  the 
projections  of  matter  which  take  place  at  the  moment  of  the  reaction. 
These  needles  are  often  as  vividly  iridescent  as  specular  iron  ore, 
which,  moreover,  silicon  much  resembles  in  colour  and  hardness.  The 
silicon  has  a  dark  iron-grey  colour  with  a  reddish  reflection  ;  it  scratches 
glass  very  deeply,  and  may  even  cut  glass  like  the  diamond." 

The  form  of  these  crystals  was  at  first  supposed  to  be  rhoml)ohc- 
dral ;  but  Senarmont  and  Descloizeaux  examined  them,  and  ascertained 
that  they  belonged  to  the  cubical  system.  Descloizeaux,  in  some  of 
Devi  lie's  specimens,  met  with  regular  nearly  isolated  octahedron*, 
which  were  measurable.  The  crystals  are  superimposed  uj>on  each 
other  in  such  a  manner  as  to  form  singular  elongated  groups.9  Their 
termination  consists  of  three  faces,  simulating  one  of  the  commonest 
forms  of  the  rhombohedral  system,  in  which  carbonate  of  limo  and 
even  quartz  often  occur.  The  regular  hexagonal  prisms  of  rthis 
crystallized  silicon  are  only  the  faces  of  the  rhombic  dodecahedron 
developed  according  to  a  very  simple  law  ;  and,  jwrhaps,  the  beautiful 
crystals  of  Wohler  with  a  hexagonal  base  belong  to  the  regular  or 
cubical  system.7  Deville  further  expresses  an  opinion  that  silicon 
crystallized  by  fusion,  and  which  often  occurs  in  the  form  of  a  six- 
sided  pyramid,  exactly  resembles  the  diamond  with  curved  faces,  and 
may,  like  it,  be  referred  to  a  solid  with  48  faces,  derived  from  the 
regular  octahedron. 

By  the  action  of  aluminium  on  chloride  of  silicon  at  a  high  tempera- 
ture, chloride  of  aluminium  is  produced,  and,  being  volatile,  is  evolved. 
Similarly,  when  chloride  of  carbon  is  passed  over  melted  cast-iron, 
brilliant,  iridescent,  hexagonal  plates  of  graphite  aro  copiously 
formed,  of  which  the  lustre  much  exceeds  that  of  ordinary  artificial 
graphite.  When  the  vapour  of  chloride  of  silicon  is  passed  through 
a  porcelain  tube  heated  to  redness,  and  containing  metallic  zinc,  it 
is  decomposed  with  the  separation  of  shining  crystals  of  silicon  ;  and 
through  the  mass  of  zinc  which  condenses  in  the  cooler  part  of  the 
tube  crystals  of  graphitoidal  silicon  are  diffused."  The  existence  of 
tine  graphitoidal  silicon  appears  doubtful  after  the  foregoing  remark. 

We  are  indebted  to  Buff  and  Wohler  for  the  discovery  of  several 
compounds  of  silicon  of  great  scientific  interest,  of  which  I  subjoin  a 
description." 

SHiciuretted  hydrogen.  SiH'? — It  was  evolved  in  admixture  with  a 
large  quantity  of  free  hydrogen  from  the  surface  of  aluminium  con- 
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tabling  silicon,  employ  oil  as  the  positive  electrode  in  an  aqueous  solu- 
tion of  chloride  of  sodium,  through  which  a  current  of  electricity  was 
passed  from  8  or  12  Ibmsen  cells.  It  is  also  formed  by  dissolving 
siliciurctted  aluminium  in  dilute  hvdroehloric  acid  :  hut  the  gas  thus 
disengaged  does  not  contain  sufficient  siliciurctted  hydrogen  to  inflame 
spontaneously,  not  even  when  aluminium  saturated  with  silicon  is 
employed,  the  greater  part  of  the  silicon  separating  partly  in  lamellar 
crystals,  and  partly  in  the  state  of  very  tine  black  powder.  Siliciu- 
rctted hydrogen  is  likewise  generated  in  small  quantity  by  the  action 
of  hydrochloric  acid  on  siliciurctted  manganese.'  It  spontaneously 
inflames  in  contact  with  air,  producing  copious  white  vapour  due  to 
the  formation  of  silicic  acid.  It  was  clearly  proved  that  hydrogen  in 
combining  with  silicon  decreases  in  volume.  Siliciuretted  hydrogen 
is  insoluble  in  pure  water  deprived  of  air,  as  well  as  in  salt  water.  It 
is  not  acted  upon  by  hydrochloric  or  dilute  sulphuric  acid.  It  is 
decomposed  at  the  ordinary  temperature  when  agitated  with  solution 
of  caustic  potash.  It  detonates  violently  with  gaseous  chlorine.  It 
suffers  no  change  by  admixture  with  protoxide  or  deutoxide  of 
nitrogen.  It  is  decomposed  at  a  red-heat  with  deposition  of  amor- 
phous silicon.  It  causes  precipitates  in  several  metallic  solutions,  such 
as  thoso  of  sulphate  of  copper,  nitrate  of  silver,  and  chloride  of  palla- 
dium ;  but  it  has  no  action  on  solution  of  acetate  of  lead  or  chloride  of 
platinum.  On  the  surface  of  a  solution  of  the  salt  of  copper,  and  on 
surfaces  moistened  by  it,  it  immediately  causes  a  dark  red  pellicle  of 
copper,  which,  in  thin  lamiine,  appears  brown-yellow  by  transmitted 
light  The  silicide  of  copper  thus  formed  speedily  changes  in  the  air 
into  lemon-coloured  silicate  of  copper.  Moistened  with  dilute  nitric 
acid,  it  is  immediately  decomposed,  and  metallic  copper  is  deposited. 
Hydrochloric  acid  dissolves  it  with  evolution  of  hydrogen,  and  the 
deposition  of  oxide  of  silicon.  In  solution  of  caustic  potash,  it  pro- 
duces a  lively  effervescence  of  hydrogen,  and  copper  free  from  silicon 
subsides.  But  as  it  disengages  hydrogen  even  with  ammonia,  it 
appears  to  contain  in  admixture  some  oxide  of  silicon.  Siliciuretted 
hydrogen  precipitates  from  solution  of  nitrate  of  silver  a  black  sub- 
stance, which  is  doubtless  silicide  of  silver,  but  some  silver  is  also 
reduced  to  the  metallic  state.  With  solution  of  palladium  blackish-grey 
palladium  free  from  silicon  is  separated. 

The  best  process  at  present  known  for  preparing  siliciurctted 
hydrogen  is  that  found  in  Wohler's  laboratory  by  Dr.  C.  Martins,  who 
observed  that  on  treating  with  hydrochloric  acid  a  slag  produced  in 
making  magnesium  by  Devillc's  method,  spontaneously  inflammable 
gas  was  disengaged.*  It  may  be  obtained  by  the  following  process  as 
easily  as  phosphui cttcd  hydrogen:  ;$0  grammes  of  fused  chloride  of 
magnesium,  40  grins,  of  fluoride  of  sodium  and  silicon  (fluosilicate  of 
soda)  strongly  dried,  and  10  grms.  of  fused  chloride  of  sodium,  aie 
reduced  to  line  powder  in  a  hot  mortar  and  intimately  mixed.  The 
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mixture  is  put  into  a  heated  glass  vessel,  which  may  bo  closed,  and 
20  ^rnis.  of  sodium  cut  up  into  fragments  as  small  as  possible  are  added, 
and  shaken  with  the  powder,  after  which  the  contents  of  the  vessel  arc 
instantly  dropped  into  a  1  lessian  crucible  previously  made  red-hot  The 
enable  is  covered  and  further  somewhat  heated,  when  the  reaction 
immediately  manifests  itself  by  repeated  cracklings.    As  soon  as  this 
noise  has  ceased,  and  flames  of  sodium  no  longer  appear  above  the 
cover,  the  crucible  is  taken  out  of  the  fire,  left  to  cool,  and  then 
bmken.    The  product  is  a  blackish  grey  melted  mass,  filled  with 
globules  and  plates  ( lamelles),  having  a  metallic  lustre  and  deep  iron- 
grey  colour;  it  contains,  in  addition  to  silicon,  a  (filicide  of  magne- 
sium of  the  formula  Mg*Si,  and  com]x>sed  of  47 •  1  ,'   of  silicon  and 
•>2*9  yo  of  magnesium.    Ill  is  product  is  coarsely  pulverized  and  put 
into  a  two-necked  bottle,  of  which  one  neck  is  provided  with  a  funnel- 
monthed  tube  passing  to  the  bottom  of  the  bottle,  and  the  other  with 
a  short  and  wide    delivery  tube.     The  apparatus  is  filled  up  with 
water,  and  then  placed  in  the  pneumatic  trough,  above  the  level  of 
the  water,  so  that  the  delivery  tube  may  l>e  quite  full  of  water,  and 
not  a  single  bubble  of  air  may  remain  in  the  apparatus.    A  receiver 
tilled  with  water  having  been  placed  over  the  mouth  of  the  delivery 
mbe.  strong  hydrochloric  acid  is  poured  into  the  funnel-mouthed  tul>e, 
taking  care  that  not  a  bubble  of  air  enters  the  bottle.  Gas  is  copiously 
evolved  with  great  violence,  producing  a  strong  froth,  which  passes 
into  the  receiver,  but  subsides  in  a  short  time,  when  the  gas  may  be 
transferred  into  another  receiver,  and  so  obtained  free  from  froth. 
|>nly  water  which  has  been  deprived  of  air  by  boiling  should  be  used 
in  this  process  ;  for  if  aerated  water  is  used,  the  ga«  produced  Incomes 
nebulous,  and  soon  loses  its  property  of  igniting  spontaneously.  'Ilio 
£H*niayb«  procured  dry  by  passing  it  through  a  chloride  of  calcium 
tnle  into  a  receiver  over  the  mercurial  trough. 

Thus  prepared,  every  bubble  of  gas,  as  it  escapes  into  the  air, 
inflames  with  a  loud  explosion,  followed  by  white  smoke.  'Hie  silicic 
acid  resulting  from  this  combustion  produces,  exactly  as  in  the  com- 
bustion of  phosphuretted  hydrogen,  beautiful  rings,  which  diffuse 
themselves  in  the  air  in  the  fonn  of  threads  and  flocks,  often  coloured 
brown  by  unburnt  silicon.  If  the  gas  escapes  into  the  air  as  it  leaves  ' 
th«'  end  of  the  delivery  tube,  it  produces  copious  very  brilliant  white 
flame. 

Hi/drochlorate  of  chloride  of  dicon.  Si*Cl'+2H(,l.- It  is  a  volatile, 
colourless,  very  mobile  liquid,  which  is  produced  by  heating  crystal- 
line silicon  to  incipient  redness  in  hydrochloric  acid  gas.  It  is  de- 
composed by  water  with  the  formation  of  a  white  oxide  of  silicon. 
Henee,-it  fumes  much  on  exj>osure  to  the  air,  covering  surrounding 
objects  with  a  white  deposit.  It  evolves  a  suffocating  odour.  It  boils 
at  42  s  C,  and  its  specific  gravity  is  1*63.  It  is  a  non-conductor  of 
electricity.  Its  vapour  is  as  inflammable  as  that  of  ether,  and  burns 
with  a  greenish  feebly  luminous  flame,  diffusing  fumes  of  silica  and 
hydrochloric  acid.  Its  vapour  is  very  easily  decomposed  at  a  led  heat 
with  separation  of  amorphous  silicon,  which  is  deposited  on  the  in- 
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ternal  surface  of  the  tube  in  which  the  experiment  may  be  made  as  a 
brown  mirror-like  lining;  chloride  of  silicon  (SiCP)  and  hydrochloric 
acid  are  also  evolved.  Alcohol  and  ether  absorb  this  compound  in 
large  quantity  without  any  separation  of  oxide  of  silicon. 

Analogous  compounds  with  bromine  and  iodine  have  been  made 
(SifBr*-r-2HBr  and  SiM*-f-  2HI).  The  bromine  compound  is  a  fuming 
colourless  liquid.  The  iodine  compound  is  solid,  brittle,  deep  red  in 
colour,  and  fumes  strongly  in  contact  with  the  air  j  it  is  very  fusible, 
and  crystallizes  on  cooling ;  at  a  higher  temperature  it  boils,  and  may 
bo  distilled.  Water,  which  instantly  colours  it  vermilion,  only  de- 
composes it  slowly.    It  is  very  soluble  in  bisulphide  of  carbon. 

Hydrated  oxide  of  silicon.  Si*0"-f  2HO.— It  is  this  compound  which 
is  produced  under  the  conditions  previously  described.  It  may  be 
easily  obtained  by  passing  simultaneously  into  water  an  excess  of 
gaseous  hydrochloric  acid  and  hydrogen  saturated  with  the  compound 
SifGT+2HCl.  The  water  should  be  kept  at  0°C,  because  at  ordinary 
temperatures  it  begins  to  decompose  in  contact  with  water.  The  oxide 
is  washed  on  a  filter  with  water  at  0°C,  pressed  at  first  gradually  and 
afrerwards  strongly  between  bibulous  paper,  and  then  dried  at  the  ordi- 
nary temperature,  or  by  preference  over  sulphuric  acid.  Thus  pre- 
pared it  is  amorphous  and  snow-white,  very  light,  bulky,  and  floats  on 
water.  It  subsides  in  ether.  Caustic  alkalies,  alkaline  carbonates,  and 
even  ammonia,  convert  it  into  alkaline  silicate,  with  lively  efferve- 
aoence,  due  to  the  liberation  of  hydrogen.  Acids,  even  strong  nitric 
acid,  exert  no  action  upon  it,  with  the  exception  of  hydrofluoric  acid, 
which  alone  dissolves  it  with  copious  disengagement  of  hydrogen.  "It 
may  bo  heated  to  300°  C  without  losing  its  water  or  undergoing  any 
change.  Heated  more  strongly  it  takes  fire,  emitting  sparks  and  diffus- 
ing a  phosphorescent  light ;  while  at  the  same  time  hydrogen  is 
evolved  which  burns  with  explosion.  In  oxygen  it  burns  with  the 
production  of  heat  and  brilliant  light.  Heated  in  an  open  crucible  it 
burns  equally;  but  the  silica  resulting  from  the  combustion  is  coloured 
more  or  less  brown  by  amorphous  silicon,  and  the  sides  of  tho  vessel 
are  coated  with  silica.  On  heating  this  hydrated  oxide  of  silicon,  sili- 
ciuretted  hydrogen  is  readily  disengaged,  but  only  at  the  temperature  at 
%  which  that  gas  itself  decomposes.  \\  hen  heated  in  an  open  tube,  there 
escapes  into  the  air  a  fuming  gas,  which  does  not  spontaneously  ignite 
on  account  of  the  hydrogen  mixed  with  it  ;  but  on  lighting  this  gas,  it 
burns,  yielding  a  residue  of  silica.  Tho  silica  remaining  in  the  tube  is 
coloured  brown  by  silicon.  When  hydrated  oxide  of  silicon  is  heated 
to  redness  in  a  current  of  hydrogen,  silicon  is  separated  as  a  brown 
mirror-like  coating;  and  the  gas  when  lighted  bums, depositing  a  mass 
of  silica  on  a  plate  of  glass  held  in  the  flame.  The  following  equation 
explains  tho  reaction  : — 

3(8rO»  +  2110)  =  5SiOa  +  5H  +  Silf . 

Hydrated  oxide  of  silicon  is  slightly  soluble  in  water.  The  acid  filtrate 
separated  in  preparing  the  oxide  afterwards  undergoes  a  soil  of  fer- 
mentation;  it  becomes  filled  with  bubbles  of  hydrogen,  which  rise  to 
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the  surface  and  escape  gradually  in  such  quantity,  that,  when  the 
liquid  is  placed  in  a  covered  vessel,  the  cover  is  raised.    This  decom- 
position is  promoted  by  heat.    Ammonia  added  to  this  solution  imme- 
diately causes  a  copious  evolution  of  hydrogen.    This  solution  of  oxide 
of  silicon  reduces  chloride  of  gold ;  it  precipitates  from  solution  of 
chloride  of  palladium  a  black  powder,  which  is  probably  a  mixture  of 
the  metal  and  protosilicate  of  palladium.    With  nitrate  of  silver,  it  at 
first  occasions  a  precipitate  of  chloride  of  silver,  then  a  dark  brown 
precipitate,  probably  identical,  though  less  deep  in  colour,  with  tho 
matter  obtained  in  treating  washed  oxide  of  silver  with  solution  of 
nitrate  of  silver;  ammonia  immediately  turns  this  matter  black.  The 
black  matter  is  regarded  as  silicate  of  protoxide  of  silver ;  it  is  in- 
soluble in  ammonia,  and  only  difficultly  decomposed  by  nitric  acid  with 
the  separation  of  silica  ;  it  becomes  grey  by  calcination,  and,  if  heated 
after  calcination  with  nitric  acid,  it  is  changed  into  brownish-yellow 
silicate  of  oxide  of  silver,  which  is  not  attacked  by  the  same  acid  even 
when  boiling;  with  borax  before  the  blow-pipe  it  gives  a  yellow  betid 
with  bluish  reflections.    When  the  acid  nitrate  containing  oxide  of 
silicon  is  mixed  with  a  salt  of  protoxide  of  copper  and  a  little  alkali  is 
afterwards  added,  hydrated  yellow  dioxide  of  copper  is  precipitated. 
From  solutions  of  selenious  and  tellurous  acids  in  hydrochloric  acid,  it 
separates  red  selenium  and  grey  tellurium.    In  a  solution  of  chloride 
of  mercury  it  throws  down  dichloride,  which  is  crystalline  and  chato- 
yant, and  which  left  in  contact  with  an  excess  of  the  solution  passes 
gradually  to  the  state  of  grey  pulverulent  metal.    Mixed  with  sul- 
phurous acid,  it  causes  turbidity,  with  the  gradual  deposition  of  white 
Milphur.    It  instantly  decolourizes  a  solution  of  permanganate  of 
Hash;  but  it  has  no  action  on  solutions  of  chromic  acid,  platinum, 
iridium,  and  indigo. 

Buff  and  Wbhler  obtained  positive  evidence  in  favour  of  the 
existence  of  a  lower  oxide  of  silicon,  probably  having  the  formula 
^+3110,  or  SiO+Si'tr+allO.  In  some  specimens  of  the  hy- 
drated oxide  they  found  more  silicon  than  is  indicated  by  the  formula 
Si'CP-f 3IIO.  They  considered  that  the  reducing  actions  above 
described  were  due  to  a  solution  of  the  lower  oxide. 

SXoom  and  nitrogen. —  According  to  Wohlcr  and  Deville,  silicon,  like 
b"ron  and  titanium,  combines  at  a  very  high  temperature  with  nitro- 
gen. A  small  Hessian  crucible  containing  crystallized  silicon  was  pu^ 
into  a  larger  and  well  covered  crucible  of  the  same  kind,  and  the 
Kpace  between  the  two  was  filled  with  freshly  ignited  charcoal  powder. 
The  whole  was  exposed  during  an  hour  to  tho  highest  temperature  of 
a  coke  fire.  Most  of  the  silicon' was  thereby  changed  into  a  loose 
bluish  mass,  which  was  covered  with  a  fibrous  easily  separable  sub- 
stance, resembling  tho  mineral  termed  mountain  cork ;  and  was  white, 
except  on  the  surface,  where  it  was  coated  with  microscopic  dark  tom- 
bac-coloured crystals,  of  which  the  nature  was  not  ascertained.  Both 
this  white  Mibstancc  and  the  bluish  muss  evolved  much  ammonia  when 
acted  ujhui  by  molten  potash.  The  bluish  mass  contained  nitride  of 
silicon  mixed  with  free  silicon  ;  the  latter  may  be  separated  from  the 
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former  by  heating  to  redness  in  ji  current  of  chlorine,  which  has  no 
action  at  this  temperature  either  npon  the  nitride  of  silicon  or  boron. 
When  the  nitride  of  .silicon  was  heated  to  strong  redness  in  a  stream 
of  moist  carbonic  acid  gas,  carbonate  of  ammonia  escaped  and  amor- 
phous silica  remained  :  this  decomposition  was  complete,  though  it 
only  took  place  slowly.  Nitride  of  silicon  prepared  from  chloride 
of  silicon  gradually  decomposes  water  at  the  ordinary  temperature. 
Wohler  and  Devil lo  suggest  that  nitride  of  silicon  may  possibly  have 
played  an  important  part  in  the  formation  of  the  earth's  crust,  and 
have  been  converted  by  the  action  of  water  into  silica  and  ammonia." 

Manganese  and  Silicon. 

Brnnner  was  the  first  to  describe  the  properties  of  manganese  reduced 
from  its  fluoride  or  chloride  by  sodium,  lie  found  the  metal  to  differ 
much  from  that  reduced  from  oxide  of  manganese  by  carbon,  which  falls 
to  powder  when  exposed  to  the  air,  and  decomposes  water  at  ordinary 
temperatures.  It  fuses  at  the  melting  point  of  east-iron.  It  is  very 
hard,  susceptible  of  taking  as  fine  a  polish  as  steel,  and  does  not  tarnish 
in  the  air.  The  metal  contained  silicon,  which  in  twelve  different  trials 
ranged  from  0*«5  /  to  «>-4  '  .  lly  the  addition  of  fluoride  of  potassium 
and  silicon,  and  silica,  he  procured  metal  containing  10%  of  silicon. 
Wohler  examined  specimen*  prepared  by  Brnnner,  and  confirmed  the 
accuracy  of  his  observations.  He  has  published  the  following  results 
of  his  experiments.  A  mixture  of  about  equal  weights  of  fluoride  of 
manganese,  silicate  of  potash,  cryolite  (;{Na,  Fl  +  Al'Fl*),  and  sodium, 
is  strongly  pressed  into  a  thoroughly  dry  earthen  crucible,  and  then 
covered  with  a  layer  of  the  ehloride  of  potassium  or  sodium.  The 
crucible  is  put  into  a  good  air  furnace,  and  after  reduction  has  taken 
place  the  temperature  is  raised.  A  button  of  metal  is  thus  formed, 
which  is  very  hard,  brittle,  and  somewhat  foliated  in  structure.  No 
free  silicon  was  observed  in  it.  The  metal  contained  1 1«*7°/0  of  silicon. 
It  dissolves  with  difficulty  in  hydrochloric  acid,  because  each  fragment 
becomes  coated  with  a  greyish  layer  of  oxide  of  silicon,  which  prevents 
the  further  action  of  the  acid,  and  must  be  removed  by  solution  of 
caustic  potash.  This  oxide  is  perfectly  amoiphous,  and  much  denser 
than  that  obtained  with  manganese,  poorer  in  silicon,  or  from  chloride 
of  silicon;  and  under  the  microscope  it  does  not  appear  in  the  least 
crystalline.  The  hydrogen  evolved  from  it  by  the  action  of  hydrochloric 
acid  contains  siliciuretted  hydrogen,  but  not  in  sufficient  quantity  to 
render  it  spontaneously  inflammable.  Hydrofluoric  acid  dissolves  the 
silicidc  of  manganese,  with  the  disengagement  of  very  fetid  hydrogen. 

Another  specimen  prepared  by  calcining  a  mixture  of  a  double 
chloride  of  sodium  and  manganese  with  fluor-spar,  silicate  of  potash, 
and  with  sodium,  contained  l->  of  silicon.  The  metal  was  well 
melted,  very  brittle,  and  presented  a  few  small  blisters  lined  with 
steel-coloured  prismatic  crystals.  Another  experiment  was  made  with 
u  mixture  of  fused  chloride  of  manganese,  fluor-spar,  fluoride  of  potas- 
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limn  and  silicon  (fluosilicate  of  potash),  and  sodium.     The  button, 
which  had  been  rapidly  cooled,  was  nearly  ax  white  as  silver,  and  very 
brittle ;  its  fracture  was  conchoidal  and  very  bright.    Wiihler  supposed 
that  these  last  two  properties  may  have  possibly  depended  on  the  fact 
that  the  metal  had  not  been  left  to  cool  slowly.    It  contained  only 
6--W70  of  silicon.    &  I*"5*  experiment  was  made  by  melting  a  mixture 
uf  chloride  of  manganese,  sodium,  fine  sand,  and  cryolite;  the  last  two 
Mibstances  in  the  ratio  of  22  :  20.    The  button  obtained  was  slightly 
yellowish,  showed    signs   of  crystalline    structure,  and  contained 
11 '37  °/z  of  silicon.4    Two  experiments  on  a  larger  scale  were  made 
with  double  chloride  of  sodium  and  manganese,  fluoride  of  potassium 
and  silicon,  and  sodium,  without  fluor-spar,  at  a  temperature  longer 
sustained  and  higher  than  previously  ;  but  no  traces  of  metal  were 
found,  although,  from  the  violent  noise  at  the  beginning  of  the  ope- 
ration, reduction  might  have  been  expected.     Hence,  according  to 
^ohler,  it  would  seem  that  the  manganese  at  first  reduced,  acted  in 
its  turn  at  this  higher  temperature  upon  the  chloride  of  sodium,  forming 
chloride  of  manganese  and  setting  free  sodium;  while  it  could  not 
decompose  the  fluoride  of  sodium  fanned  when  fluoride  of  manganese 
was  employed.    Rrunner  endeavoured  to  determine  whether  the  ]»eculiar 
properties  of  the  manganese  which  he  obtained  were  due  to  the  pre- 
sence of  silicon.     Krror  might  be  anticipated  from  the  use  uf  earthen 
crucibles.    On  melting  the  manganese  in  coarse  powder  with  chloride 
of  sodium,  with  1  9/c  of  chlorate  of  potash,  and  keeping  the  whole  in 
fusion  at  a  red-white  heat  during  only  10  minutes,  he  succeeded  in 
diminishing  the  silicon  to  about  0*1%.    If  silicon  be  the  cause  of  the 
peculiarity  of  the  manganese  formed  by  this  method  of  reduction,  it  is 
a  very  remarkable  fact,  which  may  become  of  great  practical  value, 
♦"specially   in  relation  to  the  metallurgy  of  iron.    Sefstrom  procured 
oianganesc:  containing  from  8%  to  10%  °f  silicon,  by  reducing  oxide 
of  manganese  in  admixture  with  silica  and  carbon.    He  describes  the 
metal  as  steel-grey  in  colour,  and  as  insoluble  oven  in  nitro  hydrochloric 
aciuV 

I bon  and  Silicon. 

At  present,  so  far  as  I  am  aware,  nothing  is  known  concerning 
pure  silicide  of  iron.  All  the  comjMjunds  of  silicon  and  iron,  which, 
as  yet.  I  have  had  the  opportunity  of  examining,  have  been  prepared 
W  the  reducing  action  of  carbon,  and  have  not  been  free  from  this 
dement.  When  silica  in  admixture  with  iron  and  earl>on  is  exposed 
to  a  high  temperature,  it  is  reduced  in  a  greater  or  less  degree,  the 
nlicmn  combining  with  the  iron;  but,  according  to  my  experience,  no 
reduction  takes  place  when  silica  and  iron  without  carbon  are  heated 
together,  even  at  the  highost  temperatures  of  furnaces.  I  am  not 
aware  whether  this  silicide  has  been  made  by  directly  heating  together 
Mlicon  and  metallic  iron.  1  have  tried  to  obtain  it  by  strongly  heat- 
ing fluoride  of  potassium  and  silicon  with  sodium,  and  finely  divided 

1  Ann.  ilc  Uuini.  «  t  tie  Pliya.  :t.  r..  51,  p.  I    •■  ISer/t -lias,  Tr.  2,  p.  7:;o. 
90.    Is*"»*\    Also  «i>.  ut.  5H,  p.  Ilil>. 
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iron  prepared  by  reducing  sesquioxide  of  iron  in  hydrogen  ;  but  I  did  not 
succeed,  though  silicide  of  copper  may,  as  has  been  previously  stated,  be 
readily  produced  by  this  process  with  the  substitution  of  copper  for 
iron.  Nor  have  I  succeeded  any  better  by  passing  dry  hydrofluosilicic 
acid  gas  over  iron  wire  in  a  porcelain  tube  heated  much  beyond  red- 
ness ;  nor  again  in  attempting  to  reduce  tribasic  silicate  of  protoxide  of 
iron  by  sodium  at  a  high  temperature.  When  silicate  of  protoxide  of 
iron  is  reduced  on  the  large  scale  in  blast  furnaces,  it  does  not  appear 
to  produce  what  may  properly  be  called  silicious  iron.  Thus  Mr. 
Riley,  formerly  chemist  at  the  Dowlais  Iron -works,  informs  me  that 
he  found  only  1  '07%  of  silicon  in  white  pig-iron  derived  wholly  from 
"  refinery  cinder "  (which  is  a  silicate  of  protoxide  of  iron),  in  ad- 
mixture with  a  little  mine  shale.  I  find  no  difficulty  in  producing 
highly  siliciferous  iron  by  heating  to  whiteness  silica  in  contact  with 
metallic  iron,  or  scsquioxide  of  iron  and  charcoal  in  excess. 

Reduction  of  silica  by  carbon  in  the  presence  of  oxide  of  iron  and  other  bases. — 
This  subject,  which  is  one  of  great  practical  importance,  has  of  late 
been  elucidated  by  experiments  on  the  largo  as  well  as  the  small  scale. 
It  appeal's  to  be  established  that  free  silica,  unaccompanied  with  earthy 
matters  with  which  it  might  combine  to  form  slags,  such  as  carbonate 
of  lime  and  clay,  tends  to  produce  iron  rich  in  silicon,  especially  if  the 
temperature  be  very  high  and  much  carbon  be  present. 

The  two  following  experiments  on  this  point  have  been  made  by 
Mr.  Hochstatter  in  my  laboratory  : — A  pure  variety  of  red  haematite 
(kidney-ore),  containing  on  the  average  about  69  %  of  iron,  was  ex- 
posed, in  intimate  admixture  with  fine  sand  and  charcoal  in  a  covered 
clay  crucible,  to  a  high  temperature  during  1  £  hour.  The  product  was 
a  fritted  mass,  in  which  small  brilliant  metallic  globules  were  diffused 
throughout ;  and,  as  these  were  magnetic,  they  were  separated  by 
means  of  the  magnet,  as  far  as  practicable,  from  adherent  sand  and 
charcoal,  and  then  fused  with  the  addition  of  a  little  alumina  and 
magnesia.  Well-melted  buttons  were  thus  obtained,  covered  with 
well-melted,  easily  detachable  slag.  The  metal  was  hard  and  brittle  : 
its  fracture  was  light-grey,  highly  crystalline,  and  presented  aggrega- 
tions of  minute  bright  faces  set  at  various  angles,  so  that  on  varying 
the  direction  of  the  incident  light  every  part  appeared  bright  in  suc- 
cession, although  in  any  one  position  the  fracture  seemed  to  consist  of 
about  an  equal  proportion  of  dull  and  grey  particles.  By  the  action 
of  boiling  hydrochloric  acid  upon  the  powder  of  the  buttons,  hydrogen 
was  evolved,  which  produced  no  deposit  in  a  red-hot,  hard  glass  tube, 
through  which  it  was  passed  during  half  an  hour.  Perfect  decomposi- 
tion of  the  powder  could  not  be  effected  by  this  acid. 


No.  or 

experi- 
ment. 

Weight  of  materials  taken  In  grains. 

Weight  of 
metallic  button 
in  grains. 

Specific 
gravity  of 
button. 

1 

Silicon 

Hematite. 

Sand. 

Charcoal. 

per  cent. 

t 
II. 

2000 
MOO 

1 

2:?io 

4000 

000 
2700 

901 
1945 

6  94 

7  23 

12-20* 
8  90 

*  The  niliou  whs  not  perfectly  pun-,  but  contained  n  minute  quantity  of  oxide  of  iron. 


Digitized  by  Google 


REDUCTION  OF  SILICA  BY  CARBON 


93 


The  button  in  No.  II.  was  lighter  in  colour  and  brighter  in  fracture 
than  that  in  No.  I.  In  No.  I.  nitro-hydrochloric  acid  was  used  in  the 
determination  of  the  silicon,  and  in  No.  II.  the  powder  was  fused  in  a 
platinum  crucible  with  a  mixture  composed  of  1  part  of  chlorate  of 
potash,  and  4  parte  of  the  mixed  carbonates  of  potash  and  soda.  From 
the  metal  in  t>oth  experiments  the  hydrogen  liberated  by  the  action 
of  hydrochloric  acid  had  an  offensive  odour  like  that  from  ordinary 
varieties  of  iron,  and  which  is  generally  attributed  to  the  presence  of 
carbon. 

The  following  experiments7  have  been  mado  in  my  laboratory  with 
compact  hard  red  haematite,  containing  much  finely  diffused  quartz. 
Hydrochloric  acid  by  digestion  with  this  ore  left  13*49%  of  insoluble 
residue,  of  which  12*  7*3%  consisted  of  silica. 

1.  Heated  in  admixture  with  about  sufficient  charcoal  to  reduce  it, 
it  yielded  metal  containing  0'87°/o  silicon. 

2.  The  same  ore  heated  in  admixture  with  a  considerable  excess  of 
charcoal  yielded  metal  containing  13*78%  of  silicon.  In  both  these 
experiments  the  crucibles  were  exposed  to  a  very  high  temperature. 
In  another  experiment  this  ore  was  heated  with  charcoal  and  sand  in 
excess,  when  the  button  contained  8-84%  of  silicon. 

This  silicious  ore  was  reduced  by  charcoal  in  the  presence  of 
various  matters.  In  each  experiment  1000  grains  of  ore  were  em- 
ployed, and  an  intimate  mixture  of  all  the  ingredients  was  made  by 
trituration  in  a  mortar.    The  numbers  represont  grains. 

3.  Charcoal  250,  lime  100,  fluor-spar  2.")0.  Tho  metal  produced 
contained  1*41%  of  silicon. 

4.  Charcoal  250,  fluor-spar  150.  The  metal  contained  2*15%  of 
silicon. 

5.  Charcoal  250,  lime  400,  clay  190,  sand  110.  Tho  calculated 
percentage  composition  of  the  slag  is — lime  51,  alumina  10,  silica  39. 
The  metal  contained  0*i?4o/o  of  silicon. 

6.  Charcoal  250,  lime  300,  clay  190,  band  190.  Tho  calculated 
percentage  composition  of  the  slag  is — lime  52-4,  alumina  13*3,  silica 
34-3.  The  metal  contained  0-58%  of  silicon.  The  slags  resulting 
from  these  mixtures  approximate  in  composition  to  ordinary  44  blast- 
furnace cinders,"  i.e.,  slags  from  iron-smelting  furnaces  in  this  country. 

7.  Charcoal  350,  lime  125,  clay  190,  sand  2ti(».  Tho  metal  was 
'  white  iron,"  and  contained  0-85%  of  silicon.  Reduction  was  not 
complete. 

S.  Charcoal  250,  lime  125,  clay  190,  sand  2<>0.  The  calculated 
percentage  composition  of  the  slag  is— lime  19,  alumina  11-5,  silica 
09  •  5.    The  metal  contained  0 '  38  %  °f  silicon. 

9.  Charcoal  250,  lime  125,  clay  190,  sand  400.  Additional  char- 
coal was  placed  on  the  top  of  the  mixture.  The  slHg  was  green.  The 
metal  contained  1  15n/0  of  silicon. 

'  The  experiment*  were  made  by  Mr.  Smith,  nn«l  tho  ijuiuititutive  determinations 
by  Mr.  W.  Weston. 
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Another  variety  of  red  ha;matito  greasy  to  the  toueh  was  operated 
on;  it  contained  6'86°/0  °f  matter  insoluble  in  hydrochloric  acid,  and 
of  this  only  1  'hi  was  silica. 

10.  This  oro  heated  with  excess  of  charcoal  yielded  metal  contain- 
ing 1  •<><>%  of  silicon. 

11.  This  same  ore  mixed  with  fine  sand  and  heated  with  excess  of 
charcoal  yielded  metal  containing  5-15%  of  silicon. 

The  silicious  oro  employed  in  these  experiments  when  smelted  in 
the  blast-furnace  yielded  pig  iron  containing  4-2%  of  silicon. 

It  must  be  particularly  borne  in  mind  that  in  the  small  experi- 
ments, of  which  the  results  are  above  recorded,  the  matters  added  were 
intimately  mixed  with  the  ore;  but  it  is  not  possible  to  realize  this 
condition  economically  on  the  largo  scale,  except  perhaps  in  some  very 
exceptional  cases,  as  for  example,  where  the  ore  is  levigated,  allowed 
to  subside  and  consolidate,  then  made  into  brick-like  pieces,  which  are 
dried  and  burnt.  The  ore  from  the  Cornelia  Mine,  near  Stolberg,  is 
thus  treated.  It  is  an  earthy  brown  haematite,  consisting  of  small  com- 
pact angular  lumps,  varying  in  size  from  a  walnut  to  a  pea,  and  of 
much  ore  dust.  The  presence  of  this  dust  would  render  the  ore  unfit 
for  smelting.8 

The  physical  characters  of  the  other  silicides  of  iron,  which  1  have 
examined,  and  which  contain  carbon,,  are  as  follow  :-— 

With  13-78  yo  of  silicon,  the  product  of  No.  2  experiment,  above 
recorded.  The  button  was  somewhat  honeycombed  on  the  upper  sur- 
face, the  cavities  containing  bright  graphite-like  scales.  It  was  hard 
and  easily  broken  across.  The  fractured  surface  presented  several 
cavities,  especially  towards  the  bottom,  and  these  were  lined  with  blight 
graphite-like  scales.  The  other  parts  of  the  fracture  were  scaly 
Crystalline,  bright,  and  of  a  yellowish  iron-grey  tint,  contrasting  well 
with  the  apparently  graphitic  portion. 

With  8*84  °/0  of  silicon,  obtained  in  another  experiment  under  No.  2. 
The  button  was  quite  smooth  on  the  upper  surface,  which  was  convex 
and  rounded  at  the  edges.  It  was  hard,  and  broke  easily  across,  and 
the  fractured  surface  was  free  from  cavities.  Jt  was  crystalline,  some- 
what dull  in  lustre,  and  of  a  dark  yellowish  grey. 

With  515%  of  silicon,  obtained  in  No.  11  experiment.  Hie  button 
was  well  melted,  convex  on  the  upper  surface,  and  rounded  off  at  the 
edges."  It  was  hard  and  brittle.  The  fracture  was  uneven,  granular, 
dark  grey,  and  remarkably  devoid  of  lustre. 

It  is  well  worthy  of  attention  that  buttons  of  such  different  external 
characters  should  thus  have  been  procured  under  conditions  apparently 
so  similar. 

Tig-iron,  containing  3yo  of  silicon,  has  invaiiably  a  smooth  face  ; 
whereas  cold-blast  iron,  containing  from  17ot0  20/0  of  silicon,  has  a 
44  honeycombed  face,"  as  it  is  technically  termed.  Mr.  Tarry  is  my 
authority  for  these  statements. 

1  Official  Ootftlcwuo  of  tlic  Mitring  and  I  Zollverrin  Department  of  the  International 
Metallurgical  Pro-hu  t* ;  Cln*«  I.  in  the  j  Exhibition.  ltW2.  p.  .'J(J.    Son.  021,622. 
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Wirh  7*46  '/0  of  silicon.  I  received  this  specimen  fn»m  Mr.  E  Hiley. 
It  ma  made  many  years  ago  at  the  Dowlais  Iron-works  from  a  very 
weak  black  band,  and  it  is  not  stated  whether  by  hot  or  cold  blast. 
It  is  re]H)rted  to  be  very  liquid  when  melted.  It  was  hard  and  brittle. 
The  fracture  was  granular  and  imperfectly  crystalline.  The  colour 
was  light  grey  with  a  yellowish  tinge,  and  in  lustre  and  texture  it 
might  have  been  mistaken  for  bell-metal. 

With  8-2 %  of  silicon.  This  specimen  was  communicated  to  me  by 
my  friend  31r.  Abel,  of  the  Arsenal,  Woolwich.  The  fracture  wius  crys- 
talline, somewhat  lamellar,  with  distinct  cleavage  planes  set  at  various 
angles,  so  that,  on  turning  the  piece  about,  these  planes  come  sue- 
(essively  in  view ;  tliey  were  not  bright,  but  dull  and  finely  granular; 
the  colour  was  light  grey  for  pig-iron.    It  contained  per  cent. : — 


Oirbon,  entirely  us  graphite   2'03 

Silieon   8  20 

Photphorut   0  70 

Hulphur    O  O'J 

Manganese    0  02 


Berzelius  states  that  he  had  a  specimen  of  silicide  of  iron,  which  by 
solution  in  hydrochloric  acid  yielded  19  7e  of  silica  ;  tliat  is,  was  very 
wrfr,  and  could  be  hammered  out  cold  into  thin  plates.  This  does  not 
agree  with  my  observations.  The  same  chemist  also  remarks  that 
silicide  of  iron  is  not  changed  by  exposure  to  the  air,  provided  the 
wticoo  does  not  exceed  5  %  or  6  %• 9 

$Akidi  of  iron  heated  with  phosphide  of  iron. — The  following  experiment 
was  made  by  Mr.  Iloclistiitter  in  my  laboratory  : — Of  silicide  of  iron, 
containing  H-96%  of  silicon,  220  grains  were  mixed  by  trituration 
with  143  grains  of  phosphide  of  iron  containing  12  o<>7u  of  phosphorus. 
The  mixture  was  heated  in  a  covered  clay  crucible,  placed  within 
another,  during  1  hour  to  whiteness.  A  well  incited  button  was  pro- 
cured, weighing  356  grains,  and  covered  at  the  top  with  a  little  slag. 
It  was  very  hard,  very  brittle,  and  strongly  magnetic.  Its  fracture 
was  largely  crystalline,  but  the  planes  of  cleavage  were  uneven,  finely 
granular,  and  not  bright;  its  colour  was  light-greyish  white.  The 
powder  of  the  button,  on  digestion  with  hot  hydrochloric  acid,  evolved 
hydrogen,  of  which  the  odour  resembled  that  of  hydrogen  from  ordi- 
nary iron,  and  not  in  the  least  degree  that  of  phosphuretted  hydrogen. 
%  analysis  the  metal  was  found  to  contain  5*57°/0  of  silicon,  and 
4'505/Oof  phosphorus.  If  no  phosphorus  had  been  expelled,  it  should 
have  contained  5  °/0  of  phosphorus. 

SHiddf  of  iron  heated  rcith  yrotitsulphule  of  iron. — The  following  experi- 
ment has  been  made  by  Mr.  Hochstiitter  : — Of  protosulphide  of  iron, 
containing  60-63  °/c  of  iron,  200  grains  were  intimately  mixed  by 
trituration  with  200  grains  of  silicide  of  iron  containing  8-i>6  Gf 
silicon.  The  mixture  was  heated  to  whiteness  during  1  hour  in  a 
covered  clay  crucible.  The  product  weighed  WM)  grains,  and  con- 
sisted of  two  distinct  layers :  the  lower  one  resembled,  in  all  respects, 


9  Tr  2,  p.  704. 
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the  original  silicide  of  iron,  weighed  1(30  grains,  and  contained  only  a 
little  sulphur;  the  upper  one  resembled,  in  all  respects,  the  original 
sulphide  of  iron,  and  weighed  230  grains,  and  in  it  were  diffused  some 
globules  of  the  silicide.  Hence  it  may  be  inferred  that  sulphide  and 
silicide  of  iron  have  no  action  on  each  other  at  a  high  temperature. 

Protoxide  of  iron  and  silica. — They  readily  combine  at  a  temperature 
approaching  a  white  heat ;  and,  in  certain  proportions,  fomi  very  fusible, 
and,  when  melted,  very  liquid  compounds.  The  experiments  of  Berthier 
on  this  subject  will  be  found  in  the  table  of  silicates  in  the  First  Part 
of  the  '  Metallurgy/  It  is  essential  that  these  silicates  should  be  very 
carefully  studied  with  special  reference  to  the  smelting  and  manufacture 
of  iron.  Earthen  crucibles  cannot  be  employed  in  their  preparation, 
as  they  are  rapidly  corroded  by  oxide  of  iron,  as  well  as  silicate. 

The  following,  experiments  have  been  made  in  my  laboratory  by 
my  pupil,  Mr.  liichardson. 

The  silicates  were  prepared  by  strongly  heating  intimate  mixtures 
of  silica  in  the  state  of  white  sand  with  the  purest  red  haematite  and 
powder  of  anthracite  in  sufficient  proportion  to  reduco  it  to  protoxide. 
Wrought-iron  crucibles  were  employed,  enclosed  in  covered  crucibles 
of  graphite. 

FeO.  SiO* 

Ratio  of  mixture 
U»  yield  100  of  ibe  silicate. 

Hrcnmtite   47*1 

Silica    57 •5 

Anthrecito    6*0 

The  temperature  was  nearly  that  of  whiteness,  as  the  iron  crucible 
burned  with  sparks  when  taken  out  of  the  furnace.  The  product  was 
very  thick,  and  quickly  solidified,  so  that  in  pouring  it  into  an  iron 
ingot-mould  much  remained  adherent  to  the  mouth  of  the  crucible. 
When  solid  it  was  highly  vesicular,  dark  olive-brown  in  colour,  opaque, 
brittle,  vitreous,  and  uneven  in  fracture.  The  powder  was  brownish 
grey,  cind  not  attracted  by  the  magnet.  By  digestion  with  hydro- 
chloric acid  it  was  completely  decomposed,  with  the  separation  of 
gelatinous  silica,  which  dissolved  without  residue  in  a  boiling  solution 
of  carbonate  of  soda.  It  was  found  to  contain  33 °/0  of  iron,  the  theo- 
retical amount  being  33-05  %  (SiO*  =  46).  The  experiment  was  re- 
peated with  precisely  the  same  results. 


H-umntitc. 

Silica   

Anthracite 


3FoO,  SiO=». 

Wcighis  u*ed  in  grains. 

  2400   

  000   

  180   


Hatio  of  mixture 
to  yield  100  of  the  silicate. 

  78- 1 

  29*8 

  00 


The  product  was  very  liquid,  and  could  be  easily  and  completely 
poured  out  of  the  crucible.  It  required  a  considerable  time  to  become 
perfectly  solid  throughout.  It  weighed  3070  grs.,  thus  showing  an 
excess  of  70  grs.  due  to  iron  derived  from  the  crucible.  It  had  a 
bright,  almost  metallic  lustre,  was  brittle,  and  highly  crystalline,  and 
on  fracture  several  cavities  wore  disclosed  at  the  upper  part,  which 
contained  beautiful  crystals  of  iron  olivine,  resembling  those  frequently 
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produced  in  the  conversion  of  cast  into  malleable  iron.  The  fracture  of 
the  compact  portion  at  the  bottom  of  the  button  was  largely  crystal- 
line, presenting  cleavage  planes  disposed  perpendicularly  to  the  ex- 
ternal surface.  The  powder  of  this  silicate  was  black,  and  was  not 
attracted  in  the  least  degree  by  the  magnet.  It  was  completely  decom- 
posed by  digestion  with  hydrochloric  acid,  yielding  gelatinous  silica 
soluble  without  residue  in  a  boiling  solution  of  carbonate  of  soda.  It 
contained  54%  of  iron,  the  theoretical  amount  being  545  %•  This 
experiment  was  repeated  several  times  with  the  same  results.  In  the 
following  experiment  anthracite  was  omitted  :— 

Ratio  of  mixture 
Weight*  uwxl  in  pain*.         to  yi.-i.i  itw  of  tha  »illcate. 

Hematite    800    78-1 

Silica   2<J0    29-8 

The  product  resembled  in  all  re*-pects  those  obtained  in  the  pre- 
ceding experiments,  but  weighed  1.384  grs.,  thus  showing  an  excess 
of  384  grs.  due  to  iron  from  the  crucible,  which  was  much  corroded 
where  in  contact  with  the  silicate.  The  iron  so  removed  was  doubtless 
oxidized  at  the  expense  of  that  portion  of  the  oxygen  of  the  sesquioxide 
with  which  anthracite  would  have  combined.  This  product  was  found 
to  contain  51-52  %  of  iron. 

The  tribasic  silicate  of  protoxide,  prepared  in  the  manner  described, 
was  fused  with  sufficient  haematite  and  anthracite  to  yield  respectively 
one,  two,  and  three  additional  equivalents  of  protoxide  of  iron  ;  but  in 
even*  case  the  product  consisted  of  a  well-melted  silicate  which  could 
be  easily  poured  out,  and  proved  to  be  the  tribasic  silicate  unchanged, 
a  sintered  mass  remaining  which  was  strongly  attracted  by  the  magnet. 

This  ia  the  silicate  which  may  frequently  bo  obtained  well  crys- 
tallized at  forges,  and  to  which  1  have  previously  directed  attention.1 
It  belongs  to  the  right  prismatic  system.  Its  hardness  is  ti  (felsj>ar), 
and  its  specific  gravity  at  18°  6  G.  is  4  0805.  It  should,  however,  bo 
stated  that  these  observations  were  made,  by  my  friend  Professor  Miller 
of  Cambridge,  on  a  specimen  of  slag  found  in  the  flue  of  a  puddling- 
fnrnace,  and  not,  as  will  be  seen  from  the  following  analysis  by  myself, 
on  the  silicate  in  a  state  of  absolute  purity  : — 

Silica  

Protoxide  of  iron  

Se*qnioxide  of  iron   

Protoxide  of  manganese 

A  111  III  1  Ti.!  .  •••••**••»••••••  i 

Lime   

Magnesia   

Phosphoric  acid   

Sulphide  of  iron  (FeS)., 


The  s>eisquioxide  of  iron  present  appears  to  have  been  formed  by  the 
peroxidation  of  protoxide  subsequent  to  the  formation  of  the  crystals.* 


1  Metallurgy.  First  Part.  p.  23.  2  Vid.  Metallurgy,  Fir»t  Part,  lor.  eit. 
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Estimating  the  whole  of  the  iron  as  protoxide,  the  formula  is  clearly 
that  of  :JFeO,  SiOs. 

On  attempting  to  make  silicates  of  the  formulas  3FeO,  2SiOa,  and 
GFeO,  SiO",  by  the  method  adopted  in  the  preceding  experiments,  it 
was  always  found  that  the  silicate  poured  out  of  the  crucible  contained 
the  same  proportion  of  protoxide  of  iron  as  in  tribasic  silicate,  and 
in  all  respects  resembled  this  silicate,  and  that  a  sintered,  unfused  mass 
of  oxide  of  iron,  attractable  by  the  magnet,  remained.  When  silicate 
of  protoxide  of  iron,  containing  more  silica  than  tribasic  silicate,  was 
heated  in  an  iron  crucible,  the  latter  was  energetically  attacked  and 
corroded ;  and  this  action  ceased  only  when  sufficient  protoxide  had 
been  produced  to  form  tribasic  silicate.  This  fact,  as  will  be  seen 
hereafter,  is  of  great  practical  importance  in  reference  to  certain  pro- 
cesses in  the  manufacture  of  iron.  The  statements  immediately  pre- 
ceding are  founded  on  the  following  experimental  evidence  :  — 


The  product  resembled  the  tribasic  silicate.  It  weighed  1508  grs., 
and  contained  50  06  %  of  iron.    The  crucible  was  eaten  away. 

The  experiment  was  repeated  with  the  same  weight.  The  crucible 
was  much  corroded.  The  product  weighed  1570  grs.  Supposing*  the 
sesquioxide  of  iron  to  bo  simply  reduced  to  protoxide  with  the  libera- 
tion of  oxygen  (Fe«Os  ■  2FeO-f  0),  the  product  should  weigh  992  grs.  ; 
but  supposing  the  sesquioxide  to  be  reduced  by  the  iron  of  the  crucible, 
with  the  formation  of  an  equivalent  proportion  of  protoxide  of  iron, 
and  this  to  combine  with  silica,  then  the  product  should  weigh  1253  grs. 
Again,  if  sufficient  iron  of  the  crucible  be  oxidized  to  convert  the  whole 
of  the  silicate  into  tribasic  silicate,  the  product  should  weigh  1574. 
The  weight  actually  found  was  1570;  but  this  close  approximation  is 
probably  accidental,  as  in  experiments  of  this  nature  it  is  not  to  be  ex- 
pected that  very  accurate  results  should  be  obtained. 

On  the  reduction  of  silicate  of  protoxide  of  iron  ly  carbon. — The  following 
investigations  on  this  subject  have  been  made  in  my  laboratory  by  my 
pupil  Mr.  Richardson.  Clay  crucibles,  bra>quod  with  a  mixture  of 
charcoal-powder  and  treacle,  were  employed.  The  slag  called 
cinder,  from  a  puddling-fumace,  was  first  operated  upon.  It  yielded 
by  wet  assay  55-19%  of  iron,  an  amount  which  slightly  exceeds  the 
theoretical  proportion  in  tribasic  silicate  (3FeO,  SiO').  Of  the  powder 
of  this  slag  10  grs.  were'  intimately  mixed  with  2  of  charcoal,  and  ex- 
posed in  a  luted  brasque,  during  an  hour,  to  a  strong  heat  in  an 
assay-furnace.  The  results  of  two  similar  experiments  are  stated 
underneath.  Well-melted  buttons  of  very  brittle  white  iron,  and  a  little 
greenish-yellow  slag,  were  obtained.  Tap-cinder  usually  contains 
much  phosphoric  acid,  which  would  make  the  reduced  iron  rich  in 
phosphorus,  and  consequently  brittle: — 


3FeO,  2SiO\ 


Weight*  uswl  in  grains. 


Ratio  of  mixture 
to  yield  100  of  the  silicate. 


Hmmatito 

Silica  

Anthracite 


580 
470 
42 


58-2 
475 
6 
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L  2. 

Weight  in  grain*.  Weight  in  grains. 

Iron    5-35  or  53-5%    5  34  or  53-4  % 

Slag    l-48orl4-8%    l-56or!5*G% 

Tribasic  silicate  of  protoxide  of  iron  was  expressly  prepared  by 
heating  together,  in  intimate  admixture,  very  pure  haematite,  fine 
white  sand,  and  anthracite,  in  proportions  calculated  to  yield  this 
silicate.  The  actual  quantities  employed  were,  in  grains,  haematite 
2400,  sand  900,  and  anthracite  200.  The  mixture  was  heated  in  a 
wrought-iron  crucible  in  an  assay-furnace,  and  combination  took  place 
somewhat  suddenly  at  a  temperature  nearly  approaching  whiteness. 
The  product,  which  was  very  liquid,  was  poured  into  an  iron  ingot- 
mould.  It  was  broken  when  cold ;  its  fracture  was  highly  crystalline  ; 
and  in  a  cavity  near  the  surface  were  well  defined  crystals,  having  the 
characters  proper  to  the  tribasic  silicate,  deep  greenish-black  in  colour, 
vitreous  in  lustre,  translucent  at  the  edges,  etc.  It  weighed  3070  grs., 
and  yielded  by  wot  assay  52*9  %  of  iron,  the  theoretical  per-centago 
being  53*6 %p 

I.  100  grs.  of  this  silicate  in  fine  powder  were  put  without  any 
addition  into  a  brasqued  crucible  fitted  with  a  charcoal  plug  and  well 
luted  cover,  and  subjected  during  1 J  hour  to  tho  strongest  heat  of  an 
assay  furnace  capable  of  melting  wrought-iron.  The  product  was  a 
mass  of  light  olive-grey  slag,  containing  small  disseminated  globules 
of  iron  and  one  largo  button,  which  was  white,  highly  crystalline  on 
fracture,  and  yet  very  imlleafde,  unlike  that  obtained  from  tap-cinder, 
which  is  an  impure  tribasic  silicate.  The  button  weighed  33  92  grs. 
and  the  globules  2*30  grs.,  the  total  iron  reduced  being  36*28  %•  It 
will  be  observed  that  it  was  not  in  the  state  of  cast  iron. 


2.  3.  4. 

Wright  in  paint  Weight  In  grains.  Weight  in  grain*. 

Tribasic  silicate   100  100  100 


I .ar^e  button  of  iron ...  24  •  94  29  •  58  81*  34 

Globules  of  iron    11  04  4-  50  3-37 


Total  iron    35  98  34-08  34  -71 


In  No.  3  tho  residual  slag  was  weighed :  it  amounted  to  5G  grs. 

5.  1000  grs.  of  the  tribasic  silicate  were  treated  as  in  the  preceding 
experiments :  the  product  was  a  hollow  spherical  mass  of  reduced  iron, 
intermixed  with  slag,  which  penetrated  tho  brasque  in  veins,  was 
very  tough  and  darkish  grey.  Tho  temperature  had  not  been  high 
enough,  as  will  appear  from  the  result  of  the  next  experiment. 

6.  800  grs.  of  the  tribasic  silicate  wero  very  strongly  heated  during 
3  hours,  and  the  result  was  similar  to  those  of  the  first  experiments. 
The  largo  button  weighed  214-38  grs.  and  the  globules  04-58,  the  total 
iron  reduced  being  278*96  grs.,  or  34*87  %•  The  large  button  was  very 
malleable  and  largely  crystalline  on  fracture. 

In  the  preceding  experiments  the  average  percentage  of  iron  reduced 
was  35*18  3/0.    A  portion  of  the  residual  silicate  or  slag  obtained  in 
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one  of  these  experiments  was  fused  with  a  mixture  of  carbonate  of 
soda  and  potash,  the  product  treated  with  hydrochloric  acid,  the  silica 
separated  in  the  usual  manner,  and  the  iron  determined  by  standard 
solution  ;  the  proportion  was  33*9  °/0»  which  corresponds  to  the  formula 
FeO,  SiOa.  Hence,  only  two  of  the  equivalents  of  protoxide  of  iron  in 
tribasic  silicate  can  be  reduced  by  carbon. 

Silicate  of  sesquioxule  of  iron. — On  attempting  to  make  silicates  of  the 
formula  Fe*Os,  3Si03,  the  weights  employed  were  370  grs.  of  hematite 
and  G40  grs.  of  sand.  On  pouring  from  the  crucible  only  a  small 
portion  flowed  out,  which  weighed  195  grs.,  resembled  tribasic  silicate 
of  protoxide  of  iron  in  appearance,  and  contained  50%  of  iron.  A 
sintered  greyish  black  mass,  weighing  1011  grs.,  was  left  in  the 
crucible  ;  about  half  of  it  was  magnetic  oxide  of  iron,  the  other  half 
being  uncombined  silica. 

Triltasic  silicate  of  protoxide  of  iron  heated  with  access  of  air. — AY  hen  the 
powder  of  this  silicate  is  roasted  with  access  of  air  at  a  good  red  heat, 
oxygen  is  absorbed  and  the  protoxide  of  iron  passes  in  a  greater  or 
less  degree  into  sesquioxide.  When  the  silicate  is  also  similarly 
roasted  in  pieces,  even  as  large  or  larger  than  the  fist,  the  same  change 
occurs ;  and  if  the  process  is  continued  during  a  sufficient  time,  a 
comparatively  infusible  product  is  obtained.  A  very  large  quantity 
of  this  silicate  or  44  tap-cinder,"  which  is  formed  in  the  manufacture  of 
iron,  is  roasted  during  several  days  in  kilns,  exactly  resembling  com- 
mon brick-kilns.  Oxidation  takes  place,  and  the  refractory  substance 
called  44  bull-dog"  is  the  result.  This  process  was  patented  by 
Messrs.  Bradley,  Barrows,  and  Hall,  of  Tipton,  South  Staffordshire,  in 
1838.'  Bull-dog  has  a  bright  lustre,  strongly  inclining  to  metallic,  is 
dark  grey  in  colour,  and  has  frequently  a  beautiful  velvety  appearance 
on  the  surface.  The  infusibility  entirely  depends  on  the  peroxidation 
of  the  iron.  The  late  Mr.  T.  H.  Henry  informed  mo  that  ho  had 
analysed  specimens  of  bull-dog  in  which  the  iron  existed  wholly  as 
sesquioxide ;  and  as  the  silica  separated  from  it  by  hydrochloric  acid 
was  in  a  pulverulent,  and  not  in  a  gelatinous,  state,  he  inferred  that  it 
did  not  exist  in  combination  with  the  sesquioxide  of  iron.  1  believe 
this  view  to  be  correct ;  for,  on  strongly  heating  intimate  mixtures  of 
sesquioxide  of  iron  under  conditions  in  which  no  reducing  agent  was 
present,  we  have  failed  to  obtain  any  evidence  of  combination. 

Liquation  of  silicate  of  protoxide  of  iron  containing  phosphorus. — The  tap- 
cinder  or  slag  from  which  bull-dog  is  made  frequently  contains  a 
large  amount  of  phosphorus,  which  is  chiefly,  though  it  may  not  Ik? 
wholly,  in  the  state  of  phosphoric  acid.  During  the  operation  of 
roasting  some  of  the  slag  runs  out  molted  through  the  fire-holes,  while 
another  portion  known  as  44  bull-dog  slag"  runs  down  and  forms  a 
continuous  bod  over  the  bottom  of  the  kiln.  This  slag  appears  to 
result,  in  part  at  least,  from  a  process  of  true  liquation ;  and  evidence 
in  favour  of  this  view  is  derived  from  the  following  analyses  by  the 
late  Mr.  T.  n.  Henry.    The  portions  operated  upon  were  selected  with 

3  No.  7778.  a.t>.  August  21.  1838. 
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care  from  the  same  kiln  by  Mr.  S.  H.  Blackwell,  and  may  be  considered 
as  having  been  fair  samples.  After  the  liquation  had  taken  place, 
peroxidation  of  the  iron  occurred. 

I.                 2.  8. 

Sosquioxido  of  iron                         72  60            51*48  54  04 

Silica                                         17-21             27  05  22  00 

Oxide  of  manganese  (MnKH?)  ...     4  21             11-15  8  98 

Lime;  alumina                            traces              0  40  0  00 

Phosphoric  acid                              5  43              9G0  13  87 

9945  9903  99-19 

No.  1  was  the  bull-dog  itself ;  No.  2,  bull-dog  slag ;  No.  3,  slag 
which  had  run  out  through  the  fire-holes.  The  difference  in  phosphoric 
acid  is  very  striking.  It  might  almost  bo  supposed  that  a  considerable 
part  of  the  phosphorus  had  existed  in  the  original  slag  as  phosphide  of 
iron,  and  had  simply  liquated,  owing  to  its  ready  fusibility.  The  dif- 
ference in  the  manganese  is  also  not  less  remarkable. 

Iron  and  Boron. 

Protoxide  of  iron  and  boracic  acid. — The  following  experiments  were 
made  by  Mr.  Kichardson  in  my  laboratory : — The  substances  employed 
were  dried  sulphate  of  protoxide  of  iron  and  fused  boracic  acid.  The 
mixtures  were  heated  in  small  Cornish  crucibles,  and  the  products 
were  poured  into  an  iron  ingot-mould. 

FeO,  BO*. 

The  proportions  were  106*94  grs.  of  sulphate,  and  49*23  grs.  of  boracic 
acid,  which  should  have  yielded  exactly  100  grs.  of  borate  of  protoxide 
of  iron.  Fusion  took  place-  readily  at  a  bright  red  heat ;  the  molten 
product  was  very  liquid  ;  it  was  poured  out  into  an  iron  ingot-mould ; 
when  solid  it  was  covered  superficially  with  a  thin  film  of  a  bright-red 
colour;  it  was  black,  and  vitreous  in  structure;  and  its  powder  was 
brownish  black.  It  contained  37*50  °/0  of  iron,  the  theoretical  propor- 
tion being  39*43  %. 

Other  similar  experiments  were  made  with  a  view  to  produce  borates 
of  the  formulas  3FeO,  BO\— 3FeO,  2BO»,-and  OFeO,  BO8,  when 
brownish  black  vitreous  products  of  very  variable  composition  wore 
obtained. 

Sesqufoxide  of  iron  and  loraiic  acid. — The  two  following  experiments 
were  also  made  by  Mr.  Richardson.  Haematite  and  fused  boracic  acid 
were  the  materials  used. 

FeKfi,  BO3. 

'Hie  proportions  taken  were  hematite  tiO'SG  grs.,  and  boracic  acid 
30  43  grs.  A  rather  high  temperature  was  required  to  effect  fusion. 
The  product  was  coated  superficially  with  a  bright-red  film  ;  it  was 
vitreous,  and  brownish-black.  The  sesquioxide  of  iron  was  found  for 
the  most  part  to  be  converted  into  protoxide. 

FtW  3B03. 

The  proportions  taken  were  haematite  43  24  grs.,  and  boracic  acid 
.jiV7H  grs.    The  product,  which  required  a  rather  high  temperature 
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for  fusion,  was  in  two  distinct  layers  :  the  upper  one  was  greenish- 
brown,  and  vitreous  in  fracture ;  and  the  under  one  was  black,  stony 
in  fracture,  and  yielded  a  brownish  black  powder.  Both  layers  were 
perfectly  non  crystalline,  and  contained  iron  chiefly  in  the  state  of 
protoxide.  The  upper  layer  contained  9  %  of  iron,  and  the  under  one 
25*77%-    The  experiment  was  repeated  with  similar  results. 

I  HON  AND  (,'akdon. 

Of  all  the  compounds  of  iron,  none  are  to  be  compared  with  those  of 
carbon  in  practical  importance ;  and,  in  a  scientific  point  of  view, 
none  possess  greater  interest.  The  influence  of  this  element  in 
causing  variation  in  the  physical  properties  of  iron  is  one  of  the  most 
extraordinary  phenomena  in  the  whole  range  of  metallurgy.  Under 
tho  common  name  of  iron  are  included  virtually  distinct  metals,  which 
in  external  characters  differ  far  more  from  each  other  than  manv 
chemically  distinct  metals.  Without  carbon  the  manifold  uses  of  iron 
would  be  greatly  restricted ;  and,  so  far  as  is  yet  known,  no  other 
metal  or  mixtures  of  metals  could  bo  applied  to  these  uses.  When 
carbon  is  absent,  or  only  present  in  very  small  quantity,  we  have 
wrought  iron,  which  is  comparatively  soft,  malleable,  ductile,  weldable, 
easily  forgeable,  and  very  tenacious,  but  not  fusible  except  at  tempera- 
tures rarely  attainable  in  furnaces,  and  not  susceptible  of  tempering  like 
steel ;  when  present  in  certain  proportions,  the  limits  of  which  cannot 
bo  exactly  prescribed,  we  have  the  various  kinds  of  steel,  which  are 
highly  elastic,  malleable,  ductile,  forgeable,  weldable,  and  capable  of 
receiving  very  different  degrees  of  hardness  by  tempering,  even  so  as 
to  cut  wrought-iron  with  facility,  and  fusible  in  furnaces  ;  and,  lastly, 
when  present  in  greater  proportion  than  in  steel,  wo  have  cust-iron, 
which  is  hard,  comparatively  brittle  and  readily  fusible,  but  not 
forgeablo  or  weldable.  The  differences  between  these  three  well-known 
sorts  of  iron  essentially  depend  upon  differences  in  the  proportion  of 
carbon,  though,  as  wo  shall  learn  hereafter,  other  elements  may  and 
often  do  concur  in  modifying,  in  a  striking  degree,  the  qualities  of  this 
wonderful  metal.  Ours  is  emphatically  the  iron  age ;  and  it  may  be 
confidently  asserted  that  no  other  element  has  contributed  so  largely 
to  the  civilization  and  happiness,  and,  may  wo  not  also  add,  paradox- 
ical as  it  may  seem,  to  the  misery  of  mankind.  But  let  us  not  forget 
that  carbon  has  done  its  share  in  this  good  and  evil  work. 

Modes  of  effecting  tfie  combination  of  curium  with  iron.— The  essential  con- 
dition of  this  combination  is,  contact  of  iron  at,  or  above,  a  red  heat 
with  carbon,  or  with  certain  gaseous  compounds  of  carbon.  When  an 
oxide  of  iron  is  reduced  in  admixture  with  excess  of  carbon,  at  or  above 
tho  melting-point  of  cast  iron,  combination  takes  place  rapidly  and 
cast-iron  is  produced  ;  and,  avteris  paiibut,  the  higher  the  temperature, 
tho  more  readily  does  this  result  occur.  But  combination  is  also 
effected,  though  much  more  slowly,  when  iron  in  the  compact  state  of 
bar  imbedded  in  charcoal  powder  is  exposed  to  any  temperature  at  or 
above  redness.    In  this  way  steel  is  very  largely  made  in  England; 
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and  the  process  is  known  by  the  name  of  cementation.  The  temperature 
usnallv  employed  for  the  purpose  is  stated  to  be  about  that  of  the 
melting-point  of  copper,  or  somewhat  higher.  A  gaseous  hydrocarl>oii 
may  be  substituted  for  solid  charcoal ;  and  this  principle  has  also  been 
applied  in  practice. 

The  process  of  cementation  in  a  scientific,  as  well  as  practical,  point 
of  view,  has  a  high  degree  of  interest.  Leplay  regarded  it  at  one  time 
as  "an  unexplained  mysterious  operation,"  which  he  attempted  to 
prove  was  exclusively  due  to  the  action  of  carbonic  oxide.  The  oxygen 
of  the  air  originally  iuterposcd  amongst  the  particles  of  carbon  is  con- 
verted, first  into  carbonic  acid,  and  then  into  carbonic  oxide,  which,  in 
contact  with  iron,  delivers  up  to  the  latter  half  of  its  carbon,  and 
passes  to  the  state  of  carbonic  acid.  But  this  acid  is  ainiin  immc- 
(Lately  reduced  by  the  carbon  present  to  carbonic  oxide,  and  so  the 
iron  becomes  carburized  through  the  direct  agency  of  carbonic  oxide. 
Gay-Lussac  published  a  paper  upon  Leplay's  views,  from  which  1 
present  the  following  extracts :  *— 

M  What  do  we  understand  by  this  word  4  cementatiou '  ?  It  is  a 
word  invented  to  indicate  an  unknown  cause,  an  inexplicable  effect ; 
to  indicate  an  anomaly,  the  only  one  of  its  kind  presented  in  chemistry. 
.  .  .  .  MM.  Leplay  and  Laurent  have,  it  is  true,  upset  this  theory  of 
carburization,  in  acknowledging  subsequently  that  iron  did  not  decom- 
pose carbonic  oxide;  but  new  experiments,  peculiar  to  M.  Laurent 
have  led  him  to  admit  that  carbon  was  reduced  to  vapour  at  a  very 
high  temperature,  and  the  carburization  of  iron  was  due  to  this  vapour, 

and  not  in  any  degree  to  carbon  in  the  solid  state  Such,  then,  is 

the  novel  theory  of  M.  Leplay,  adopted  also  by  M.  Laurent,  of  the 
reduction  of  metallic  oxides  by  carlxm,  and  of  carburization  by  cementa- 
tion. These  two  operations  are  both  duo  to  the  oxide  or  the  vapour  of 
carbon ;  and  as  they  are  very  clear,  very  comprehensible  by  the  inter- 
vention of  these  two  elastic  fluids,  and  are  conformable  to  the  principle 
of  the  ancients,  corjtora  non  agunt  nisi  soluta  ;  the  action  of  carbon,  as  a 
solid  body,  ought  to  be  null,  because,  not  being  understood,  it  is 
mysterious.  But  how  many  phenomena  are  to  us  still  surrounded  with 
the  deepest  mystery !  To  deny  them,  would  that  bo  to  explain  them  ? 
MM.  Leplay  and  Laurent,  in  proving  that  the  oxide  and  vapour  of 
carbon  can  reduce  oxides  and  carburize  metals,  should  have  also  proved 
that  carbon  is  powerless,  as  a  solid  body,  to  produce  the  same  effects  ; 

explanations,  so  easy  to  find,  should  have  come  afterwards  

MM.  Leplay  and  Laurent,  in  order  to  explain  cementation  and  carburi- 
zation by  simple  contact,  which,  for  them,  are  obscure  and  mysterious 
operations,  invoke  the  vaporous  state  of  carbon,  and  believe  they  have 
solved  all  the  difficulties  of  the  question  ;  but  cementation,  or  the  pro- 
pagation of  a  chemical  effect  through  the  mass  of  a  solid  body,  takes 
place  quite  as  well  by  the  addition,  as  by  the  subtraction,  of  matter; 
and  if,  in  this  latter  case,  the  matter  subtracted,  like  oxygen  from  an 

%  Ann.  de  (.'lam.  et  de  Phya.  3  8.  17,  p.  I  First  Pairt  of  "  Metallurgy,"  under  the 
*2"21, 1846.   This  paper  was  quoted  in  the  |  head  of  Reduction. 
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oxide,  catually  leaves  pores  accessible  to  an  elastic  fluid,  such  as 
hydrogen  or  carbonic  oxide,  it  is  not  the  same  in  cementation  with  the 
addition  of  matter,  as  in  the  carburization  of  iron,  where  the  metal  pre- 
serves all  its  impermeability.  In  admitting,  then,  that  the  vapour  of 
carbon  has  deposited  a  first  layer  of  carbon  at  the  surface  of  the  iron, 
and  that  combination  has  taken  place,  how  will  carburization  be  pro- 
pagated in  tho  interior  of  the  mass,  inaccessible  to  vapour  of  carbon,  and 
in  what  will  it  differ  from  that  which  will  be  effected  by  the  simple 
contact  of  carbon?  In  fine,  in  what  will  it  be  less  mysterious? 
Assuredly,  cementation,  taken  in  its  whole  extent,  is  not  yet  suffi- 
ciently explained,  but  we  may  maintain  that  it  is  entirely  independent 
of  the  fluidity  of  tho  cementing  body ;  for,  as  soon  as  we  admit  that  the 
fluid  may  penetrate  into  tho  pores  of  the  solid  body  and  there  exert  its 
action,  there  is  no  longer,  properly  speaking,  cementation  or  propaga- 
tion of  a  chemical  action  through  its  mass,  there  is  simply  action  by  way 

of  contact  or  of  mixture  That  cementation  may  be  an  obscure 

and  mysterious  operation,  as  MM.  Leplay  and  Laurent,  think,  we  will 
not  deny ;  but  on  the  other  hand  we  will  not  admit  it  to  the  extent  of 
being  forced,  in  order  to  explain  it,  to  forget  tho  clearest  proofs 
admitted  in  chemistry.  Cementation  may  be  conceived  when  bodies 
in  presence  of  each  other  act  in  indefinite  proportions,  like  carbon  with 
respect  to  iron ;  but,  when  they  have  reached  the  mono-atomic  state, 
the  partition  from  one  layer  to  tho  other  presents  grave  difficult ies. 
....  Although  I  do  not  think,  with  these  distinguished  savans,  that 
cementation  is  a  mysterious  operation,  inaccessible  to  chemists  and 
physicists,  I  admit  that  it  requires  to  be  better  studied  than  hitherto, 
and  I  have  the  conviction  that  our  efforts  would  not  be  in  vain.  In 
conclusion,  I  add,  that  it  is  no  longer  permitted  to  have  blind  faith  in 
a  principle  so  vulgarly  (Jxinukment')  repeated  of  tho  ancient  chemists, 
corpora  non  agunt  nui  soluta.  It  is  certain,  on  the  contrary,  that  all 
bodies — solid,  liquid,  or  aeriform — act  upon  each  other,  but  that,  of 
tho  three  states  of  bodies,  the  solid  state  is  tho  least  favourable  to 
exercise  of  chemical  affinity." 

The  language  employed  by  Gay-Lussac  may,  perhaps,  be  considered 
as  somewhat  caustic ;  but  his  reasoning,  to  my  mind,  appears  clear 
and  convincing.  France  has  never  produced  a  more  truth-loving  and 
more  philosophic  chemist  than  Gay-Lussac ;  and  his  entire  freedom 
from  ostentatious  display  and  personal  vanity  made  an  indelibel 
impression  upon  my  mind  when  I  attended  his  lectures  thirty  years 
ago  at  the  .lard in  des  Tlantes.  1  do  not  remember  to  have  heard  him 
even  once  mention  his  own  namo  when  speaking  of  his  own  disco- 
veries ;  and.  in  this  respect,  he  contrasted  remarkably  with  his  illus- 
trious colleague,  Baron  Thenard.  Both  are  in  their  graves,  and  both 
have  bequeathed  to  'France  a  legacy  of  fame,  of  which  she  may  well  be 
proud.  Poor  Laurent;  also,  is  dead,  and  ho  did  excellent  work.  Leplay 
survives,  and  is  in  tho  enjoyment  of  wealth  and  political  dignity. 

I  have  now  to  record  a  scries  of  experiments  which  I  have  made 
on  the  carburization  of  iron  by  cementation,  and  which,  though  very 
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far  from  complete,  yet  may,  probably,  be  found  to  possess  some  points 
of  interest.  I  Hoped,  long  before  this  to  have  carried  on  the  investi- 
gation, but  as  1  know  not  when  I  shall  be  able  to  do  so,  and  as  life  is 
at  all  times  uncertain,  I  venture  to  publish  the  results,  such  as  they 
are.  In  these  experiments  I  havo  been  assisted  by  Mr.  C.  Tookey. 

Action  of  carbonic  oxide  upon  iron. — The  gas  was  prepared  by  heating 
Milphuric  acid  with  ferrocyanide  of  potassium  (Fownes'  method),  and 
collected  in  a  water  gasometer,  from  which  it  was  passed  through  two 
tube*,  each  34  inches  long,  rilled  with  chloride  of  calcium;  then 
through  a  succession  of  four  tubes,  each  also  34  inches  long,  filled 
with  fragments  of  potash  ;  and  at  last  through  a  porcelain  tube  placed 
over  a  long  gas  combustion  furnace  with  numerous  clay  burners,  such 
as  is  now  commonly  employed  in  ultimate  organic  analyses.  On 
leaving  the  porcelain  tul>e,  it  passed  through  a  weighed  apparatus  con- 
taining solution  of  caustic  potash,  and  having  a  short  tube  filled  with 
fragments  of  potash  from  which  it  escaped  into  the  air. 

1.  Narrow  strips  of  commercial  thin  sheet- iron  of  very  fine  quality 
were  employed,  their  surfaces  having  first  been  cleaned  with  hydro- 
chloric acid,  rapidly  washed  with  water,  immediately  afterwards  wiped 
dry,  and  gently  heated.    These  were  placed  in  the  porcelain  tube,  and  a 
current  of  carbonic  oxide  was  sent  through  the  apparatus  until  there 
was  reason  to  believe  that  atmospheric  air  had  been  completely  ex- 
pelled.   Two  similar  strips  of  iron  were  operated  on.    Each  was  J  in. 
broad  and  8  in.  long;  together  they  weighed  28  00  grains.    That  part 
of  the  porcelain  tube  where  the  strips  lay  was  then  heated  to  bright 
redness,  and  kept  at  that  temperature  during  the  whole  course  of  the 
experiment,  which  lasted  3  hours,  carbonic  oxide  passing  through  all 
the  while.    In  all  70  cubic  inches  of  gas,  measured  moist,  left  the 
gasometer.    The  tube  was  allowed  to  cool  slowly,  and  when  perfectly 
cold  the  iron  was  taken  out.    The  strips  weighed  28*97  grains ;  so 
that  there  was  an  increase  of  0  01  grain,  or  0-0:J4°/u.    The  potash 
apparatus  increased  in  weight  0-62  grain.    Hie  experiment  was  after- 
wards resumed  with  the  same  strips  of  iron  ;  but  the  gas,  as  it  left  the 
gasometer,  was  sent  through  a  solution  of  caustic  potash  in  its  way  to 
the  series  of  tubes  above  described.    It  was  continued  during  :\  hours 
at  the  same  temperaturo  as  before,  during  which  time  15  cubic  inches 
of  gas  left  the  gasometer.    It  is  evident  that  there  is  an  error  some- 
where; for,  otherwise,  supposing  the  increase  in  weight  of  the  iron 
due  to  carbon,  only  0*036  of  carbonic  acid  should  have  been  formed. 
H  occurred  to  me  as  possible  that  a  little  air  might  have  got  into  the 
porcelain  tube  during  cooling  and  after  stopping  the  current  of  gsts,  as 
the  surface  of  the  strips  was  shaded  oft*  from  blue  to  yellow  from  each 
end  towards  the  central  part,  which  was  bright  and  perfectly  free  from 
colour,   However,  the  experiment  clearly  shows  that  if  the  increase 
in  weight  were  due  to  carbon,  the  action  of  carbonic  oxide  upon  the 
metal  during  0  hours  at  a  bright  red-heat  is  very  small. 

Action  of  solid  carton  upon  iron. — Charcoal  prepared  from  fine  white 
sugar  was  used.    The  first  experiment  was  vitiated  by  the  evolution 

» 

Digitized  by  Google 


100  IRON  AND  CARBON. 

of  gaseous  matter  from  the  charcoal  from  imperfect  carbonization.  The 
charcoal  was  heated  strongly  in  a  gold  crucible  over  an  air-gas  flame 
until  no  gas  was  seen  to  be  evolved. 

2.  In  an  atmosphere  of  carbonic  oxide. — A  single  strip  of  the  same  kind 
of  iron,  8  J  in.  long,  was  employed,  and  the  same  method  of  preparing 
it  was  adopted.  It  was  bent  so  as  to  form  an  imperfect  tube,  and  was 
imbedded  in  charcoal  in  the  porcelain  tube.  It  weighed  29*485 
grains.  A  current  of  carbonic  oxide  was  sent  through  the  apparatus 
with  the  precautions  above  mentioned,  and  the  tube  was  kept  at  a 
bright  red-heat  The  opemtion  lasted  3  hours,  during  which  time 
100  cubic  inches  of  gas  left  tho  gasometer.  The  potash  apparatus 
increased  in  weight  1*53  grains,  and  the  iron  0*295,  or  0*990%.  The 
iron  superficially  was  dark  grey;  it  became  brittle  after  heating  to 
redness  and  cooling  in  mercury  ;  it  was  steel. 

3.  In  an  atmosphere  of  hydrogen. — A  single  strip,  f  in.  broad  and  8J  in. 
long ;  tho  same  kind  of  iron  was  used.  1 1  was  kept  at  a  red  heat  during 
about  2  hours  in  a  current  of  dry  hydrogen,  and  allowed  to  cool  in  the 
gas.  The  surface  was  bright  and  light  coloured.  The  same  appa- 
ratus was  used  as  in  the  preceding  experiments,  with  the  substitution 
of  hydrogen  for  carbonic  oxide.  Tho  gas  was  made  from  zinc  and 
dilute  sulphuric  acid,  and  was  first  passed  through  a  solution  of  caustic 
potash  containing  protoxide  of  lead  dissolved.  The  strip  was  imbedded 
in  sugar  charcoal,  as  in  tho  last  experiment.  Gas  was  sent  through 
during  the  3  hours,  the  porcelain  tube  being  kept  at  a  bright  red  heat 
all  the  while.  Tho  strip  of  iron  was  left  to  cool  in  the  gas.  It  could 
only  be  hardened  by  heating  to  redness  and  plunging  into  mercury  for 
about  $  of  its  length.  It  was  at  first  supposed  that  it  might  not  have 
been  in  contact  with  charcoal  for  \  of  its  length.  Before  the  experi- 
ment it  weighed  15*81  grains,  and  afterwards  15*92,  i.e.  increased  in 
weight  0*690%. 

4.  Experiment  3  was  exactly  repeated.  A  single  strip  of  iron  was 
used,  -Jin.  broad  and  7jin.  long.  It  was  thoroughly  imbedded  every- 
where in  the  same,  charcoal  as  employed  in  the  last  experiment.  Before 
tho  experiment  the  strip  weighed  15*385  grains,  and  afterwards  15*550, 
i.e.,  increased  in  weight  1*001  %. 

5.  Two  strips  of  the  same  kind  of  iron  as  used  in  the  preceding 
experiments,  and  prepared  in  the  same  manner,  were  used.  One  strip 
was  imbedded  in  tho  same  charcoal  as  employed  in  Expts.  3  and  4, 
while  tho  other  was  not ;  they  were  kept  separate  by  a  plug  of 
asbestos,  and  the  free  strip  was  put  near  the  end  of  the  porcelain-tube 
from  which  tho  gas  escaped.  Each  strip  was  curved,  so  as  to  form 
half  a  cylinder.  The  experiment  was  continued  during  3  hours,  pre- 
cisely as  heretofore.  Before  the  experiment,  the  free  strip  weighed 
5*405  grains,  and  afterwards  5*425,  i.e.,  increased  in  weight  0*368%; 
the  imbedded  strip  before  tho  experiment  weighed  5*805  grains,  and 
afterwards  5*850,  i.e.,  increased  in  weight  0*769 %•  There  was  con- 
siderable difference  in  the  appearance  of  the  two  strips;  the  surface  of 
the  free  strip  was  dead  in  lustre,  and  somewhat  resembled  zinc  in 
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colour;  the  surface  of  tlie  imbedded  atrip  was  brighter,  especially  on 
the  convex  side,  and  of  a.  deeper  grey  tint. 

This  result  struck  me  as  remarkable.  Admitting  the  purity  of  the 
hydrogen  employed,  tlie  gas  must  either  have  taken  up  carbon  in  its 
passage  over  the  charcoal,  or  a  gaseous  compound  of  carbon  must  have 
been  evolved  from  the  charcoal,  notwithstanding  its  long  continued 
exposure  to  a  bright  red  heat  — for  it  was  the  stime  charcoal  as  used  in 
previous  experiments — or  it  is  conceivable  that  some  dust  of  charcoal 
might  have  been  carried  forward  and  corne  in  contact  with  the  strip 
of  iron.  There  was,  however,  reason  to  believo  that  the  last  condition 
did  not  occur  ;  and  we  shall  presently  learn  that  a  precisely  similar 
result  was  found,  when  it  was  absolutely  certain  that  not  a  trace  of 
charcoal  had  been  carried  over  mechanically.  It  will  also  be  shown 
that  the  hydrogen  per  se  had  no  share  in  producing  the  effect  in 
question. 

6.  This  experiment  was  conducted,  with  the  same  charcoal,  in  the 
same  manner  as  the  last,  except  that  the  position  of  the  two  strips  of 
iron  was  reversed,  the  free  strip  being  first  exposed  to  tho  incoming 
hydrogen.  The  strips  were  separated  from  each  other  by  a  plug  of 
asbestos,  and  there  was  a  considerable  interval  between  them.  Every- 
thing was  arranged  with  the  greatest  care,  so  that  no  charcoal  could 
got  access  to  the  free  strip.  The  strips  weie  introduced  fiat,  and  not 
bent.  The  experiment  was  continued  during  3  hours  as  heretofore. 
The  imbedded  strip  before  the  experiment  weighed  8*00  grains,  and 
afterwards  8*045,  i.e.,  increased  in  weight  0*559  °/c;  the  free  strip 
weighed  before  the  experiment  8*62  grains,  and  afterwards  8*015,  so 
that  there  was  a  loss  of  0*005  ;  but  I  regard  tho  difference  in  weight 
as  an  error  of  observation  ; — there  was,  however,  certainly  no  increase, 
and  that  is  the  main  point.  The  imbedded  strip  became  as  brittle  as 
glass  after  plunging  it  while  red-hot  into  mercury  ;  whereas  the  other 
strip  could  be  bent  without  breaking  after  tho  same  treatment. 

7.  Again  the  same  charcoal  was  used,  but  pounded  finer :  it  was 
found  to  be  very  hard.  A  strip  of  the  same  kind  of  iron,  prepared  in 
the  same  manner,  was  imbedded  in  charcoal,  and  the  experiment  was 
continued  during  four  hours,  a  current  of  hydrogen  passing  all  the 
while.  The  strip  before  the  experiment  weighed  15*530  grains,  and 
afterwards  15*675,  i.e.  it  increased  in  weight  0'925%«  The  surface 
of  the  strip  was  very  bright ;  but  at  the  end  which  was  first  exposed 
to  the  gas,  it  did  not  harden  by  plunging  it  whilo  red-hot  into  mercury. 

8.  Experiment  5  was  exactly  repeated  during  four  hours,  the  tube 
having  been  very  carefully  sponged  out.    The  same  carbon  was  again 
used.   There  were  two  free  strips,  which  together  before  the  experi- 
ment weighed  12*106'  grains,  and  afterwards  12  *  1 50,  i.e.  it  increased 
in  weight  0*362%  i  the  imbedded  strip,  in  one  piece,  before  tho 
experiment,  weighed  G*808  grains,  and  afterwards  6*835,  i.e.  it  in- 
creased in  weight  0*395  7c-    The  end  which  first  came  in  contact  with 
the  gas  did  not  harden  by  plunging  it  while  red-hot  into  mercury, 
although  it  was  believed  to  have  been  imbedded  in  carbon. 

9.  A  long  tube  of  Rohemian  glass  was  employed  instead  of  the 
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porcelain  tube,  and  strips  of  electro-deposited  iron  were  operated  on. 
The  following  diagram  represents  the  arrangement. 


Fig.  1. 

a,  a,  a,  a,  asbestos  plugs ;  by  free  strip ;  c,  imbedded  strip ;  c/,  </,  void 
space  10  inches  long,  perfectly  clean;  e,  arrow,  showing  direction  of 
the  gas. 

The  same  carbon,  which  had  been  repeatedly  used,  was  employed. 
In  all  respects  tho  arrangements  were  the  same  as  heretofore.  The 
experiment  lasted  four  hours,  and  afterwards  not  tho  slightest  deposit 
could  be  perceived  in  the  void  space  d  d.  The  free  strip,  b,  before  the 
experiment,  weighed  5-055  grains,  and  afterwards  5*970,  i.e.  it  in- 
creased in  weight  0-251%;  the  imbedded  strip  before  the  experiment 
weighed  5-550  grains,  and  afterwards  5-022,  i.e.  it  increased  in  weight 
1-280%.  Both  strips  readily  hardened  by  plunging  red-hot  into 
mercury.  This  increaso  is  remarkable,  and  may  have  depended  to  a 
certain  extent  upon  the  molecular,  and  possibly  loosely  aggregated  state 
of  the  electro  deposited  metal. 

10.  In  this  experiment  two  long  glass  tubes  were  employed,  as 
shown  in  the  following  diagram  : 


Fig.  2. 

6,  the  free  strip  ;  c,  tho  imbedded  strip.  The  same  charcoal  as  used  in 
the  foregoing  experiments  was  employed.  The  operation  lasted  three 
and  a  half  hours.  Thin  sheet,  but  not  electrotype,  iron  was  employed. 
Before  the  experiment  the  free  strip  weighed  9*458  grains,  and 
afterwards  9*4U8,  i.e.  it  increased  in  weight  0-105%,;  the  imbedded 
strip  before  the  experiment  weighed  10-081  grains,  and  afterwards 
10*133,  i.e.  it  increased  in  weight  ()-51.i%.  Not  the  slightest  dust 
was  carried  over  into  the  second  tube. 

11.  Kxperiment  9  was  exactly  repeated  during  four  hours,  except 
that  the  hydrogen  was  passed  first  through  a  solution  of  nitrate  of 
silver  in  water,  and  then  through  pumice  wetted  with  strong  sulphuric 

acid.    Electrotype  iron  was  used.    The  free  strips — there  were  two  

before  tho  experiment  weighed  9*086  grains,  and  afterwards  9*150, 
i.e.  they  increased  in  weight  0*699%;  the  imbedded  strip  before 
the  experiment  weighed  5*02o  grains,  and  afterwards  5*080,  i.e.  it 
increased  in  weight  1  *0i>2%. 

12.  Experiment  9  was  rej>eated  during  four  hours,  with  charcoal 
powder  which  had  been  washed  with  hydrochloric  acid,  etc.  ;  and 
thin  sheet  iron,  not  electro  deposited,  such  as  at  first  employed, 
was  operated  on.  The  free  strip  before  tho  experiment  weighed 
7*805  grains,  and  afterwards  7*815,   i.e.  it   increased   in  weight 
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0  127%;  tho  imbedded  strip  before  the  experiment  weighed  7*270 
grains,  and  afterwards  7*284,  i.e.  it  increased  in  weight  0*192%« 
Roth  strips  were  sensibly  hardened  by  plunging  while  red-hot  into 
mercurv. 

13.  The  same  apparatus  was  employed  with  hydrogen,  etc.  A 
strip  of  iron,  not  electrotype,  was  imbedded  in  wood-charcoal,  in  small 
particles  freed  from  dust  by  sifting,  and  previously  heated  in  a  covered 
crucible  during  several  hours  at  a  high  temperature  in  an  assay  fur- 
nace, with  anthracite  as  the  fuel.  Before  tho  experiment,  the  strip 
weighed  13*293  grains,  and  afterwards  13*300,  i.e.  it  increased  in 
weight  0*0520  70«  Jt  did  not  harden  by  plunging  while  red-hot  into 
mercury. 

14.  Experiment  13  was  repeated  in  precisely  the  same  way  in  all 
respects.  The  strip  before  the  experiment  weighed  10*405  grains, 
and  afterwards  10*409,  i.e.  it  increased  in  weight  0*0382.  It  did  not 
harden  bv  the  usual  treatment. 

■ 

15.  Some  of  the  sugar  charcoal  which  had  not  been  used  was  ex- 
posed during  four  or  five  hours  in  a  covered  crucible  to  the  highest 
temperature  of  an  assay  furnace,  heated  with  anthracite,  and  in  which 
wrought-iron  could  bo  melted  without  diffictuly.  Thin  sheet,  not 
electrotype,  iron  was  imbedded  in  this  charcoal,  and  heated  during 
three  and  a  half  hours  as  heretofore  in  a  current  of  hydrogen.  Before 
the  experiment  it  weighed  12*100  grains,  and  afterwards  the  weight 
remained  the  same. 

16.  When  iron  wire  is  kept  at  a  red  heat  during  only  an  hour  in 
coal-gas,  it  hardens  exactly  like  steel.  This  is  a  very  pretty  and 
Ktriking  lecture  experiment,  which  I  have  often  made. 

17.  The  vapour  of  paraffine  may  be  conveniently  substituted  for  coal 
gas.  The  experiment  was  made  in  my  laboratory  by  Mr.  Hochstatter 
of  exposing  iron  wire  to  the  vapour  of  this  substance  in  a  porcelain 
tube  nearly  to  whiteness  during  an  hour,  when  steel  was  formed. 

The  point  of  chief  interest  in  the  foregoing  experiments  is  the 
carburization  of  iron  in  hydrogen,  which  has  pashed  over  charcoal 
heated  to  redness;  and  which,  obviously,  must  have  contained  a 
gaseous  compound  of  Carbon.  The  questions  suggested  by  tin's  poinl 
are— did  hydrogen  under  these  conditions  take  up  any  carbon  ;  or  was 
the  gaseous  compound  of  carbon,  which  caused  tho  carburization  of 
the  iron,  simply  evolved  from  the  charcoal  employed  ?  So  far  as  I 
know,  all  previous  experience  is  opposed  to  the  first  view  ;  yet,  if  wo 
accept  the  second  view,  it  is  extraordinary  that  a  hydrocarbon  should 
continue  to  be  evolved  from  tho  same  charcoal,  exposed  day  after  day 
to  a  strone-  red  heat.  Still,  it  has  been  well  established  that  charcoal 
retains  hydrogen  with  great  tenacity,  even  after  having  been  strongly 
heated ;  and  this  fact  would  appear  to  favour  the  second  view,  especi- 
ally when  we  remember  that  the  sugar-charcoal  ceased  to  produce  the 
slightest  carburization  after  it  had  been  subjected  to  intense  heat  (see 
Exp.  15).  Is  it  possible  that  a  current  of  hydrogen  may  tend  to  pro- 
mote the  disengagement  of  a  hydrocarbon  from  charcoal  at  lower  tem- 
peratures than  those  at  which  it  would  otherwise  be  sensibly  evolved? 
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However,  the  fact  should  be  particularly  noted,  that  the  intensely 
heated  charcoal  no  longer  carburized  iron  even  by  contact.  In  any 
respect,  the  preceding  results  appear  to  me  curious  and  interesting ; 
but  further  experiments  arc  required  to  clear  away  the  difficulties 
which  remain.  Should  it  be  hereafter  proved,  as  I  think  is  probable, 
that  a  hydrocarbon  continues  to  be  slowly  evolved  dining  a  long  time 
from  charcoal  kept  at  a  red  heat,  or  at  a  somewhat  higher  temperature, 
the  reason  of  the  addition  of  a  certain  proportion  of  fresh  charcoal  at 
every  renewal  of  the  process  of  making  steel  by  cementation  on  the 
largo  scale  will  become  intelligible.  All  charcoal  used  for  this  pur- 
pose contains  a  notable  quantity  of  hydrogen,  which  at  higher  tem- 
peratures than  that  of  carbonization  on  the  largo  scale  would  be  driven 
off  partly  in  combination  with  carbon ;  and  this  compound  would 
actively,  though  perhaps  not  exclusively,  determiuo  carburization. 

The  process  of  carburization  by  cementation,  whether  effected 
through  the  agency  of  a  gaseous  compound  of  carbon,  or  by  the  direct 
contact  of  solid  carbon,  is  remarkable,  and  difficult  of  explanation. 
It  is  easy  to  understand  how  the  outermost  layer  of  the  metal  should 
become  carburized,  but  not  easy  to  understand  why  this  should  give 
up  carbon  to  the  layer  immediately  underneath,  the  second  layer  to 
the  third,  and  so  in  succession;  until  the  centre  of  a  bar  of  iron, 
even  though  of  considerable  thickness,  receives  its  full  complement 
of  this  element  ;  a  continual  addition  of  carbon  from  without,  sup- 
plying the  deficiency,  as  layer  after  layer  in  turn  parts  with  carbon. 
If  we  admit  that  there  is  chemical  combination,  a  point  which  will 
be  presently  examined,  why  should  one  layer  yield  up  its  carbon 
to  another?  If,  on  the  other  hand,  the  phenomenon  is  analogous 
to  solution,  it  appears  somewhat  more  intelligible ;  for,  although 
the  iron  is  not  in  a  state  of  fusion,  yet  it  is  strongly  heated,  and 
its  particles  have  thereby  acquired  a  sensible  degree  of  freedom  of 
motion.  In  the  reduction  of  a  solid  lump  of  oxide  of  iron  in  contact 
with  red-hot  carbon,  carbonic  oxide  seems  to  be  the  essential  agent ; 
and,  as  Gay  Lussac  has  remarked,  it  is  easy  to  conceive  how  this 
gas  should  find  its  way  to  the  interior  through  innumerable  fissures 
or  pores.  The  abstraction  of  oxygen  from  the  outermost  layer  of 
such  a  lump,  at  a  temperature  far  below  the.  welding  point  of  iron, 
must  of  necessity  render  the  contiguous  layer  pervious  to  the  reducing 
gas,  and  so  on  in  succession  to  the  centre.  But,  in  cementation  by 
carbon,  there  is  the  difficulty  above  mentioned,  which  does  not  exist 
in  this  so-called  reduction  by  cementation  of  a  lump  of  oxide  of  iron. 
There  is  a  veritable  diffusion  in  the  former  of  one  solid  through 
another,  which  suggests  what  occurs  in  liquid  diffusion.  While  the 
fact  is  patent,  the  conception  of  the  modus  operandi  is  very  obscure. 
We  may  easily  bewilder  ourselves  with  words,  believing  that  we  have 
found  an  explanation,  when  we  have  in  reality  done  no  more  than 
express  .the  phenomenon  in  other  terms — a  fallacy  by  no  means 
uncommon  in  science  as  well  as  in  other  branches  of  knowledge. 

Carbon  may  be  extracted  from,  as  well  as  introduced  into,  solid 
iron,  by  a  process  of  cementation,  which  has  long  been  practised. 
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Thus,  when  cast-iron  is  imbedded  in  the  powder  of  red  htbinatito, 
and  kept  at  a  bright  red  heat  during  two  or  three  days,  it  loses 
carbon,  acquires  a  considerable  degree  of  malleability,  and  is  con- 
verted into  what  is  termed  "malleable  cast-iron."  In  England 
various  small  objects  of  cast-iron  obtained  by  smelting  red  haematite 
with  charcoal  are  treated  in  this  manner.  Dr.  \V.  A.  Miller  has  pub- 
lished the  following  analyses  of  tho  metal  before  and  after  the 
process:— 

Before.  Aft*r. 

Specific  gravity    7-G84    7  718 

In  100  parte. 

f!»rhnn    I  Combined    2-217)  0#ftftn  (0-434\  n#Mn 

lUneombined  ...  0  583 }  2*800      44<J|  0  880 

Silicon                                                          0-951    0-409 

Aluminium                                                        tnue    traeo 

Sulphur                                                         0-015    0  000 

Phosphorus                                                       trace    trace 

Sand   0-502     

Hence,  about  f  of  the  combined  carbon  appear  to  have  removed ; 
while  the  uncombined,  or  graphitic,  carbon  suffered  scarcely  any  dimi- 
nution. The  abstraction  of  more  than  half  tho  silicon  seems  very  re- 
markable, and  I  cannot  in  the  least  understand  it.  I  have  spoken  to 
Dr.  Miller  on  the  subject,  and  he  assures  me  that  thero  is  no  reason  to 
question  the  accuracy  of  tho  result.  Every  trace  of  sulphur,  which,  it 
is  well  known,  pertinaciously  adheres  to  iron,  was  eliminated,  which 
certainly  could  not  have  been  anticipated.  Carbon,  as  we  Bhall  here- 
after learn  more  particularly,  may  be  extracted  in  a  greater  or  less 
degree  from  cast-iron  by  keeping  the  metal  in  the  form  of  thin  plates 
heated  to  redness,  with  access  of  air  during  a  sufficient  length  of  time. 
A  process  founded  on  this  principle  has  also  been  applied  ;  and  Tunner 
asserts  that  silicon,  as  well  as  carbon,  escapes.4 

The  amount  of  carbon  in  iron. — Of  late  years,  owing  to  tho  progress 
of  analytical  chemistry,  considerable  attention  has  been  given  to  tho 
quantitative  determination  of  carbon  in  iron  ;  and  although  valuable 
additions  have  been  made  to  our  knowledge  of  this  subject,  yet,  in  my 
judgment,  much  remains  for  investigation,  and  I  am  not  a  little  per- 
mitted with  many  facts  relating  to  it  which  arc  really  elementary. 
Amongst  the  numerous  observers  who  havo  taken  up  this  lino  of 
inquiry,  we  are  specially  indebted  to  Karsten,  tho  German,  and 
Sefotriim,  the  Swede. 

In  1840  Karsten  communicated  to  the  Academy  of  Sciences  at 
rV-rlin  a  paper  on  the  so-called  "carburets  of  iron,"*  and  of  this  I 
now  present  an  abstract.  Ho  considered  that  the  maximum  of  carbon 
with  which  iron  could  combine  was  5'9'S°/0.  At  ono  time  he  believed 
that  in  every  case  a  definite  poly  carbide  of  iron  existed,  which  was 
simply  dissolved  in  an  excess  of  iron,  and  that  upon  the  proportion  of 
this  carbide  the  quality  of  metal  essentially  depended.  But  he  did 
not  succeed  either  in  preparing  or  separating  such  a  carbide  having 

5  Stabeisen  u.  Stahlberritunp,  2,  notes,  pp.  42-49. 
«  i'brr  die  Carbnrete  des  Eiaena.    Von  H">-  Karsten.    Read  Nov.  5,  1846. 
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a  certainly  definite  composition.  Pure  iron,  perfectly  free  from  car- 
bon, ho  writes,  is  so  soft,  that  it  offers  but  little  resistance  to  friction  ; 
anil  is,  therefore,  unfitted  for  most  of  the  purposes  to  which  the  ordi- 
nary metal  is  applied.  When  combined  with  carbon,  not  exceeding 
certain  limits,  iron  increases  in  tenacity,  and,  consequently,  in  elas- 
ticity ;  as  also  in  malleability,  ductility,  and  hardness.  The  last  pro- 
perty is  increased  by  suddenly  cooling  after  heating ;  and  when  it  is 
considerable,  as  is  the  case  in  all  iron  containing  more  than  from 
0'2°/o  to  0-25%  of  carbon,  the  metal  is  designated  steel.  The  more 
free  iron  is  from  foreign  matters,  especially  silicon,  sulphur,  aud  phos- 
phorus, tho  larger  is  the  amount  of  carbon  required  to  induce  harden- 
ing by  this  treatment.  In  the  best  Swedish  bar-iron,  as  well  as  in 
bar-iron  made  in  Germany  from  spathic  and  brown  iron  ores,  0*35% 
of  carbon  suffices  to  communicate  the  property  of  hardening  in  a  degree 
so  considerable  that  such  iron  is  properly  termed  "  steely."  The 
passage  from  this  iron  into  steel  is  so  gradual  and  insensible,  that  it  is 
impossible  to  pronounce  where  ono  ends  and  tho  other  begins.  "When, 
however,  the  carbon  reaches  0-5%,  and  other  foreign  matters  are  pre- 
sent in  small  quantity,  iron  is  capable  of  being  hardened  sufficiently 
to  give  sparks  with  flint,  and  may  then  be  regarded  as  steel.  But 
in  the  caes  of  iron  perfectly  free  from  foreign  matters,  not  less  than 
0-05%  of  carbon  is  required  to  induce  this  property.  Iron  containing 
from  1*0%  to  1*5%  is  steel,  which,  after  hardening,  acquires  the 
maximum  hardness  combined  with  the  maximum  tenacity.  When  the 
carbon  exceeds  the  highest  of  these  limits,  still  greater  hardness  may 
be  obtained,  but  only  at  the  expense  of  tenacity  and  -wettability.  With 
1*75%  of  carbon,  tho  last  property  is  almost  completely  lost.  With 
1*8%  of  carbon,  iron  may  still  with  great  difficulty  be  worked  and 
drawn  out  under  tho  hammer ;  and  although  very  hard,  it  yet  retains 
considerable  tenacity.  When  the  carbon  rises  to  1  ■  9  °/c  or  more,  the 
metal  ceases  to  be  malleable  while  hot ;  and  2%  of  carbon  appears  to 
be  tho  limit  between  steel  and  cast-iron,  when  tho  metal  in  the  softened 
state  can  no  longer  be  drawn  out  without  cracking  and  breaking  to  pieces 
under  the  hammer. 

Of  cast-iron  there  are  two  distinct  kinds,  tho  grey  and  the  white. 
They  differ  widely  in  colour,  hardness,  brittleness,  tenacity,  and  fusi- 
bility. Grey  iron  has  a  higher  melting-point  than  white  iron,  and  in 
fusing  passes  almost  instantly  from  the  solid  to  the  liquid  state  when 
it  is  very  fluid  ;  whereas  white  iron  at  lower  temperatures  becomes 
first  soft  and  then  pasty  before  melting.  It  was  formerly'  supposed 
that  these  differences  were  duo  to  tho  larger  amount  of  carbon  in 
grey  than  in  white  iron.  Grey  iron,  by  sudden  solidification  after 
fusion,  becomes  white;  and  white  iron,  by  very  slow  solidification  after 
fusion  at  a  high  temperature,  becomes  grey,  without,  in  either  case, 
any  change  in  the  proportion  of  carbon.  [But  I  shall  prove  that  this 
statement  of  Karsten's  is  not  universally  true.]  It  was,  therefore, 
sought  to  explain  these  remarkable  differences  by  corresponding  differ- 
ences in  the  mode  of  existence  of  carbon  in  these  two  kinds  of  iron.  In 
white  iron  it  was  supposed  that  the  carbon  was  wholly  in  combination 
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with  the  iron  ;  and  that  in  grey  iron,  it  was  partly  in  combination  and 
partly  diffused  through  the  metal  in  the  state  of  graphite.  Iron  con- 
taining 2'0°/o  of  carbon,  i>.  steel,  may,  after  fusion,  followed  by  the 
slowest  possible  solidification,  retain  the  whole  of  its  carbon  in  combi- 
nation; but  when  iron  with  2 -3  %  of  carbon  is  thus  treated,  graphite 
separates,  and  the  metal  presents  the  characteristic  appearance  of  cast- 
iron.  Beyond  this  minimum  limit  the  greater  the  proportion  of  carbon 
np  to  the  maximum  of  5-  93%,  the  greater  the  whiteness  and  hardness  of 
the  iron  when  in  the  state  of  white  iron.  [But,  according  to  my  expe- 
rience, iron  can  never  retain  anything  like  this  amount  of  carbon  in 
combination  without  the  presence  of  a  considerable  quantity  of  manga- 
nese, which  may,  therefore,  contribute  to  the  development  of  both 
these  properties.] 

The  maximum  amount  of  carbon  cajxible  of  Ixing  taken  up  fjy  pure  iron. — 
The  following  experiments  on  this  subject  have  been  made  in  my 
laboratory  by  Mr.  Dick  : — 

Carbon  was  prepared  by  burning  oil  of  turpentine  or  camphine,  and 
collecting  the  lamp-black  produced.  Sesquioxide  of  iron  was  prepared 
by  dissolving  fine  iron  wire  in  hydrochloric  acid,  peroxidizing  by 
nitric  acid,  precipitating  by  ammonia,  washing,  etc.  ;  and  some  also 
was  made  by  boiling  sulphate  of  protoxide  of  iron  with  nitric  acid, 
precipitating  by  ammonia,  etc.  Clay  crucibles  brasqued  with  cam- 
phine carbon  w*fcre  employed. 

1-  A  mixture  of  sesquioxide  of  iron,  mado  from  the  sesqui chloride, 
with  excess  of  carbon,  was  intensely  heated.  Several  globules  and  a 
bntton  of  metal  were  obtained,  and  to  the  latter  a  minute  quantity  of 
slag  was  found  attached.  When  the  button  was  hammered  it  split 
without  flattening.  The  fracture  was  dark  grey,  and  tolerably  uni- 
form. The  specific  gravity  of  this  button  was  7  08.  It  was  what 
would  be  properly  designated  highly  graphitic  iron.  Two  determina- 
tions of  the  iron  which  it  contained  were  made  by  standard  solution  of 
bichromate  of  potash 


la  gave  of  iron  per  cent   05*73 

2nd      do.         do   95  87 


Menu   95 '80 

CurboTi,  per  cent,  by  lOM   1*20 


2.  A  larger  quantity  of  the  same  mixture  was  heated  in  precisely  tho 
f-anie  manner.  A  number  of  small  buttons  and  globules  of  motal  were 
obtained.  The  buttons,  when  fractured,  did  not  seem  uniform  in  ap- 
pearance ;  and  some  parts  were  easier  to  cut  than  others.  Tho  specific 
gravity  of  one  button  was  7-097.  When  hammered  it  split  at  once. 
In  one  part  the  carbon  seemed  to  be  in  larger  plates  than  the  other. 
The  iron  was  highly  graphitic.  Four  determinations  of  the  iron  we ro 
made  by  standard  solution  of  bichromate  of  potash  : — 


1st  gave  of  iron  per  cent   96*75 

2nd      do.         do   97  42 

3rd       do.  do   9f>-40 

4th       do.  do   90*03 


Hence  the  metal  was  evidently  not  uniform  in  composition. 
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A  mixture  of  sosquioxide  of  iron.  made,  from  sulphate  and  carbon, 
was  heated  in  the  same  manner.  A  multitude  of  small  globules,  and 
one  large  one,  were  obtained.  The  crucibles  were  reheated  with  the 
view  of  melting  all  the  globules  into  one,  but  this  did  not.  occur.  The 
largest  button  was  broken,  and  the  fracture  was  quite  unlike  any  of 
those  in  the  preceding  experiments.  The  specific  gravity  was  0*968* 
One  piece,  weighing  8-55  grains,  was  digested  in  hydrochloric  acid, 
etc.,  the  graphite  collected  as  usual.  Its  weight  was  not  changed  by 
redigestion  in  strong  hydrochloric  acid.  The  iron  was  determined  by 
standard  solution  of  bichromate  of  potash  : — 

Iron.        percent   95*06 

Graphite      do   4  •  50 

100  22 

I  examined  some  of  the  metal  formed  in  the  preceding  experiments, 
in  order  to  siscertain  whether  I  could  obtain  clear  proof  of  the  presence 
in  it  of  any  combined  carbon.  It  was  dissolved  in  hydrochloric  acid, 
when  fetid  hydrogen  was  disengaged.  The  washed  residue  was  boiled 
with  a  solution  of  potass,  but  the  latter  did  not  become  in  the  slightest 
degree  coloured,  nor  on  neutralization  with  hydrochloric  acid  did  any 
precipitate  occur  :  but  when  cast-iron  containing  any  sensible  amount 
of  combined  carbon  is  treated  in  this  way,  the  potash  solution  is  ren- 
dered brown,  and,  when  neutralized  by  acids,  deposits  brown  flocks  of 
carbonaceous  matter.  It  appears  certain,  then,  that  if  not  the  whole, 
very  nearly  the  whole,  of  the  carbon  in  the  iron  reduced  in  the  pre- 
ceding experiments  was  in  the  state  of  graphite. 

4.  The  subjoined  experiments  have  been  mado  in  my  laboratory  by 
Mr.  llochstiitter.  Anhydrous  sesquioxide  of  iron  artificially  prepared, 
freo  from  sulphur,  but  not  entirely  from  silica,  was  employed.  Of  this 
oxide  250  grains,  were  intimately  mixed  by  trituration  with  a  con- 
siderable excess  of  charcoal.  The  mixture  was  subjected  in  a  brasqued 
crucible  during  8  hours  (not  consecutively,  but  in  the  course  of  2  days, 
4  hours  each  day)  to  a  comjyaratively  low  tem})erature.  A  well-melted 
button  was  obtained,  weighing  grains,  grey,  dull,  and  granular  in 
fracture,  but  not  largely  so.  It  contained  c.»5-85%  of  iron.  No  deter- 
mination of  the  carbon  was  made.  There  was  no  distinct  apj>earanco 
of  graphite  on  the  fracture,  nor  was  any  found  on  the  top  of  the 
button.  The  hydrogen  evolved  from  it  by  tho  action  of  hydrochloric 
acid  had  a  slight  odour  of  -sulphuretted  hydrogen. 

5.  Of  the  same  sesquioxide  of  iron,  as  used  in  the  last  experiment, 
500  grains  were  intimately  mixed  with  100  grains  of  Ceylon  graphite 
(which  contains  al)out  1^  7  or  2°/0  of  earthy  impurity).  The  mixture 
was  put  into  a  plumbago  crucible,  and  the  space  above  was  filled  with 
plumbago  well  pressed  down.  The  crucible  was  covered,  and  exposed 
during  8  hours  to  a  comparatively  low  temjh'rature,  as  in  the  last  experi- 
ment. It  was  rapidly  cooled,  and  at  tho  bottom  was  a  well  melted 
button  weighing  347*5  grains.  On  the  top  of  this  button  were  brilliant 
scales  of  graphite,  which  seemed  to  have  been  separated  from  the  iron. 
The  fracture  of  the  button  was  dark-grey,  presenting  small  bright 
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wales  of  a  highly  graphitic  lustre.  The  metal  contained  05- 13%  of 
iron,  and  4  63%  oi  graphite,  which  was  directly  determined  with 
even-  precaution. 

Schafhiiutl  informs  us  that  he  has  "observed  that  graphite  is  never 
generated  in  melting-pots  from  pure  iron  and  pure  carbon,  except 
when  the  black  oxide  of  the  surface  began  to  attack  the  sides  of  the 
crucible."7  Graphite  was  certainly  generated  in  the  preceding  expe- 
riments, in  which  contact  between  oxide  of  iron  and  the  sides  of  the 
crucible  was  effectually  prevented  by  a  carbonaceous  brasque  free  from 
silicon.  In  the  paper  fiom  which  the  above  extract  is  taken,  Schafhiiutl 
discusses  the  conditions  essential  to  the  formation  of  graphite  ;  but  I 
venture  to  assert  that  whatever  his  observations  and  experiments  may 
be,  his  reasoning  is  unsatisfactory.  Conclusions  are  drawn  from  pre- 
misses which  are  mere  assumptions.  There  is  an  air  of  affected  minute- 
ness and  elaboration  about  the  papers  whicli  this  author  has  published 
on  iron  and  steel  which  is  hardly  calculated  to  produce  conviction  in 
the  mind  of  tiny  chemist  skilled  in  manipulation,  and  accustomed  to 
sound  chemical  arguments.  There  can  be  no  objection  to  the  emission 
of  hypotheses  by  the  score,  so  long  as  it  is  clearly  understood  that  they 
are  put  forth  only  as  hypotheses ;  but  in  the  present  day  they  should 
not  be  obtruded  upon  us  as  though  they  wore  rigid  inductions  from 
trustworthy  data.  This  is  a  grave  error,  and  it  is  one  with  which 
Schafhautl  may  be  justly  charged. 

The  following  experiments  were  made  by  Sefstrom  :" — Wire  made  of 
Taberg  iron  was  put  into  a  carbon  crucible,  covered  with  carbonate  of 
lime,  and  heated  in  a  blast-furnace  during  lj  hour.  A  well-melted 
button  of  cast-iron  was  obtained,  of  which  the  fracture  was  grey  and 
foliated.  The  iron  increased  4*34%  in  weight.  Akerby  steel,  heated 
under  these  conditions,  was  also  converted  into  the  same  kind  of  cast- 
iron,  with  an  increase  of  3'89%  in  weight.  Another  experiment  was 
made  of  heating  iron  wire  placed  upon  lime,  and  covered  with  char- 
coal It  melted  completely,  and  increased  3  %  in  weight.  The  frac- 
ture of  the  button  had  an  unusual  aspect:  towards  the  surface  it  pre- 
sented a  thin  velvet-black  border,  but  within  it  was  silver-bright,  and 
had  flat  crystalline  facets  so  large  that  they  almost  extended  across  the 
button.  It  was  as  hard  as  slightly-hardened  steel,  and  had  considerable 
tnalleability.  On  repeating  this  experiment  a  button  was  produced 
which  was  dark  on  the  surface  and  white  within,  compact  but  never 
crystallized.  No  difference  in  the  result  was  observed  when  caustic 
lime  was  used  instead  of  carbonate. 

Iron,  manganese,  and  carbon.  By  Mr.  Dick  —Brown  oxide  of  manganese 
(MnH>j  was  prej>ared  by  calcining  pure  carbonate  of  protoxide  of  man- 
ganese. A  mixture  of  400  grs.  of  sesquioxide  of  iron,  12  grs.  of  brown 
oxide  of  manganese,  and  92  grs.  of  carbon,  was  heated  intensely  in  a  clay 
cracible  brasqued  witli  pure  carbon.  Several  buttons  were  obtained  ; 
the  largest  was  fractured  and  analysed;  its  specific  gravity  was  7'GO; 


7  Phil.  MaK.  15.  p.  423.  l&W. 
*  Journ.  f.  techn.  u.  ocononi.  Chem.  Erdinann,  10,  p.  163.  1831. 
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it  contained  graphite,  which  after  the  usual  treatment  was  weighed  ;  its 
weight  was  unchanged  by  subsequently  boiling  in  a  strong  solution  of 
caustic  potash.  The  iron  was  separated  as  basic  acetate.  The  results 
of  the  analyses  are  as  under :  — 

Iron   9:>  -07    90-26 

Mangamwe   8*  21    3-14 

Graphite   0f>0    0  40 

99  74  9980 

This  result  has  much  surprised  me,  as  I  expected  to  find  a  con- 
siderable amount  of  combined  carbon  in  the  product,  owing  to  the  pre- 
sence of  manganese ;  but  I  would  not  venture  to  draw  any  conclusion 
from  a  single  experiment  of  this  kind.  The  degree  of  temperature  at 
which  reduction  takes  place,  there  is  reason  to  believe,  may  greatly 
modify  the  result 

Males  of  existence  of  carton  in  iron. — It  is  generally  admitted  that 
carbon  may  exist  in  solid  iron  in  a  state  of  combination  and  in  a  state 
of  mechanical  diffusion  through  the  mass  as  graphite.  It  is  usual  to 
apply  the  terms,  combined  and  uncombined,  to  these  two  modes  of 
existence  respectively.  Graphitic  carbon  is  supposed  to  separate  during 
the  solidification  of  iron  after  fusion,  just  as  silicon  is  supposed  to 
separate  in  the  graphite-like  state  from  zinc  under  similar  conditions. 
When  graphitic  iron  is  melted  ;x»r  se,  the  graphitic  carbon,  does  not 
remain  isolated,  and  by  virtue  of  its  having  a  lower  specific  gravity 
than  iron,  rise  and  collect  at  the  top  of  the  liquid  metal,  but  disappears 
and  redissolves  in  it.  When  iron  contains  much  graphitic  carbon  its 
fracture  is  dark  grey,  granular  or  scaly-crystalline;  it  is  then  called 
grey-iron.  When,  on  the  contrary,  iron  contains  much  combined  carbon, 
its  fracture  is  more  or  less  white,  granular  or  crystalline,  and  some- 
times very  largely  so ;  it  is  then  called  white-iron.  Grey-iron  passes 
by  insensible  gradations  into  white-iron ;  and  at  certain  intermediate 
stages  the  grey  and  white  kinds  are  visible  on  the  fractured  surface  of 
the  same  iron,  constituting  what  is  called  mottled  iron.  The  French 
designate  such  iron  by  tho  appropriate  name  offonte  truitee,  or  trout- 
iron,  from  its  being  speckled  with  spots  like  that  fish.  From  the  ex- 
treme of  greyncss  to  absolute  whiteness  not  less  than  eight  varieties 
are  frequently  recognized,  and  these  are  distinguished  by  tho  numerals 
from  1  to  8  respectively.  Thus  No.  1  is  the  greyest  iron,  No.  2  less 
groy,  and  so  on  till  No.  5,  when  mottled  iron  begins,  the  prevalence  of 
white-iron  over  the  grey  increasing  successively  to  No.  8,  which  is 
white-iron.  An  experienced  eye  will  determine  at  a  glance  tho  par- 
ticular number  by  the  appearance  of  the  fracture.  These  observations, 
it  must  be  borne  in  mind,  only  apply  to  iron  containing  much  carbon, 
i.  e.  cmt-iron. 

There  may  be  no  visible  proof  of  the  existence  of  combined  carbon 
in  iron,  or,  in  other  words,  no  appearance  of  white-iron  ;  and  yet  com- 
bined carbon  may  be  present  in  a  very  sensible  proportion.  Con- 
versely, white-iron  may  contain  a  sensible  proportion  of  graphitic  carbon, 
although  it  escape  detection  by  the  eye.   It  is  at  least  doubtful  whether 
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even  the  greyest  iron  does  not  qpntain  some  combined  carbon,  but  white- 
iron  may  be  so  white  as  to  be  entirely  free  from  graphitic  carbon. 

The  mode  of  existence  of  carbon  in  iron  is  in  great  measure  deter- 
mined by  the  conditions  of  solidifieation  after  complete  fusion,  and  the 
temperature  at  wbicli  fusion  has  been  effected.    Kapid  solidification 
favours  the  retention  of  carbon  in  the  combined  state,  and  by  this 
means  it  is  possible  to  convert  characteristic  grey-iron  into  perfectly 
white  iron.    Thus  by  pouring  liquid  grey  cast-iron  into  a  cold  metallic 
mould,  so  as  to  cause  the  most  sudden  cooling  possible,  the  exterior  of 
the  solid  iron,  where  it  comes  in  direct  contact  with  the  mould,  will 
be  found  to  be  in  the  state  of  white-iron,  while  the  interior  will  be  in 
the  state  of  grey -iron.     This  principle  is  extensively  employed  in 
practice,  in  the  process  known  as  chill-casting.    It  is  adopted  when  it  is 
desirable  to  render  the  surface  extremely  hard,  white-iron  being  in- 
tensely hard  as  compared  with  grey-iron.    Not  all  grey-iron  can  be 
converted  into  white  by  this  means,  as  the  result  of  the  following  ex- 
periment will  demonstrate : — 

Through  the  kindness  of  my  friend  Mr.  S.  11.  Blackwell,  a  portion 
of  the  cast-iron  from  one  of  his  blast-furnaces  near  l)udley  was  allowed 
to  run  over  a  cold  cast-iron  plate,  and  another  portion  at  the  same  time 
to  run  over  a  similar  plate,  after  which  cold  water  was  immediately 
dashed  over  the  latter;  a  third  portion  from  the  same  tapping  was  also 
allowed  to  run  into  a  hollow  termed  the  roughing-hole,"  and  there 
left  to  cool  very  slowly  under  a  large  mass  of  hot  slag.  The  first  two 
specimens  were  £  in.  thick,  finely  granular  on  fracture,  decidedly  grey, 
and  presented  no  indication  of  white-iron.  The  other  portion  cooled 
very  slowly,  was  grey,  and  largely  crystalline. 

But  the  mode  of  existence  in  carbon  is  in  a  certain  degree  determined 
by  the  conditions  under  which  the  solid  metal  is  heated  and  cooled 
at  temperatures  very  far  below  its  melting-point.    Thus  it  has  been 
found  that  steel,  in  the  hardened  state,  yields  no  sensible  residue  of 
graphite  by  the  solvent  action  of  acids,  and  that,  on  the  contrary,  the 
same  steel  in  the  softened  state  yields  by  such  action  a  sensible  amount 
of  graphitic  residue.    Professor  Abel,  of  the  Arsenal,  experimented  on 
this  point  a  few  years  ago,  and  found  that  hardened  steel-wire  dis- 
solved in  hydrochloric  acid  without  residue,  whereas  the  same  steel 
softened  yielded  a  dark,  flocculent,  carbonaceous  residue  when  ac  ted 
upon  by  the  same  acid.    The  most  recent  experiments  on  this  subject 
are  those  of  Caron.*    He  found  that  steel  in  the  three  states  of  blister- 
steel,  tilted  steel,  and  hardened  steel,  for  100  parts  of  metal  dissolved 
yielded,  respectively,  the  following  proportions  per  cent,  of  insoluble 
residue:  1*624  (A),  1-243  (B),  and  0  240  (C).    These  residues  were 
analysed,  and  the  results  are  as  under 

A.  B.  C. 

Curbon    0*823    0  500  truces 

Iron    0v57    0*445  traces 

Silica.-   0242    0  238     0  240 

1624  1  243     0  240 

•  —      -  *  —  — 

»  CoiupU*  Raid.  56,  p.  43,  -Inn.  1863. 
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It  is  remarkable  that  the  operation  .of  hammering,  jxr  tf,  should 
induce  any  change  in  the  mode  of  existence  of  the  carbon  in  steel. 
But  Caron  found  that  rolled  steels,  c&teris  parHtnis^  yielded  a  larger 
amount  of  carbonaceous  residue  than  hammered  steels.  This.  Caron 
remarks,  agrees  with  the  observation  that  the  action  of  rolls  is  less 
powerful  than  that  of  the  hammer  in  improving  the  quality  of  steel. 
By  a  similar  series  of  experiments  and  analyses  Caron  ascertained  that 
the  effects  ot  heat  were  sensibly  the  reverse  of  thoso  produced  by  ham- 
mering and  hardening.  Thus  hardened  steel,  having  been  annealed 
during  periods  from  a  few  hours  to  several  days,  has.  on  solution, 
yielded  amounts  of  free  carbon  proportionate  to  the  duration  and 
intensity  of  the  process  of  annealing;  and  to  the  steels  thus  softened 
their  original  qualities  or  chemical  properties  with  respect  to  acids  are 
only  restored  by  hammering  or  hardening.  However  long  the  process 
of  annealing,  a  little  carbon  always  remains  in  the  combined  state. 
Caron  found  this  to  be  the  case  after  annealing  during  15  days  and 
1 5  nights. 

We  have  now  to  inquire  as  to  the  proof  of  the  existence  of  carbon  in 
a  state  of  chemical  combination  in  iron. 

Spiegeleiscn  or  specular  cast-iron  is  always,  as  its  name  implies, 
largely  crystalline,  its  fractured  suiface  presenting  bright  mirror-like 
cleavage- planes.  It  is  not  unfrequently  met  with  in  largo  intersecting 
tabular  as  also  in  massive  crystals,  but  the  system  to  which  they  belong 
does  not  appear  to  have  been  clearly  ascertained.  The  prevalent 
opinion,  however,  seems  to  be  that  they  are  not  cubical.  Numerous 
analyses  of  spiegeleisen  have  been  published,  in  which  the  carbon  is 
given  as  about  5%»  an(^  1,1  which  it  is  represented  as  existing  wholly 
or  in  great  measure  in  the  combined  state.  This  corresponds  to  the 
formula  IVC,  which  by  calculation  gives  94  i»2  %  of  iron,  and 
6*08%  of  carbon.  Hence  this  variety  of  cast-iron  is  regarded  as  a 
definite  chemical  compound.  It  may,  however,  be  urged  against  this 
conclusion  that  in  all  the  published  analyses  of  specular  cast-iron 
manganese  appears  as  a  constituent,  seldom  less  than  about  4  V_,  and 
often  much  more.  Now,  notwithstanding  the  close  chemical  relation 
between  iron  and  manganese,  we  should  not  be  justified  in  accepting 
the  formula  Vc'C  as  established,  unless  it  can  be  shown  that  the  pre- 
sence of  manganese  is  not  essential.  The  question  then  arises  whether 
any  trustworthy  analyses  of  specular  cast-iron  having  this  furmula,  but 
without  manganese,  can  be  adduced.  I  have  sought  in  vain  for  such 
analyses,  and  every  specimen  of  characteristic  specular  cast-iron  which  1 
have  examined  has  contained  a  very  sensible  proportion  of  manganese. 
In  metallurgical  books  statements  of  an  opposite  kind  appear.  Thus, 
in  the  tabular  list  of  analyses  of  specular  cast-iron  iu  KcrFs  Hand- 
book,1 there  are  three  bv  Karstcn,  in  which  the  chemicallv-combined 
carbon  ranges  from  4*121  °/0  to  5*1 12°/.,  and  in  these  thero  is  no  allu- 
sion to  the  presence  even  of  a  trace  of  manganese  ;  yet  in  Karsten's 
own  record  of  these  analyses  it  is  expressly  stated  that  manganese  was 


1  I,  p.  258.  1855. 
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not  nought  for.5  Kerl  cites  an  analysis  by  Schafbiiutl  of  a  so-called 
spiegelcisen  from  Alais,  in  which  the  carbon  is  given  as  wholly  in  the 
combined  state,  and  as  5*80  without  a  trace  of  manganese  ;  but  this 
specimen,  we  are  informed,  contained  0*65 °/0  °f  sulphur,  l*8o*  °/0  °f 
til  icon,  011%  of  aluminium,  4  05°/'  of  arsenic,  and  0*87°/  of  nickel : 
and  consequently  it  furnishes  no  argument  in  support  of  the  formula 
FeV.  The  spiegelcisen  which  Schaf  hiiutl  in  his  article  on  Steel  pre- 
sents as  a  typical  example  of  this  variety  of  cast-iron,  was  found  by 
him  to  have  the  following  composition  :* — 

Iron    88-961  /  • 

Carbon   5  440  ' 

Manganese    4  008  \  . 

Silicon    0*179 

^ 1 1 roi^c*ii  ••••••■••••••••■•••■«•-•••••■•■••  ]  SfiOO        »  * 

Copper    0*106  X. 

Tin.  »M  ••••••  ••••>••••••••••••••   «••« 

ioo*ot>5 


Gurlt,  in  a  paper  on  the  compounds  of  carbon  and  iron,  states  that 
npiegeleisen  of  the  formula  Fe4C  is  rarely  met  with  in  a  state  of 
absolute  purity."  4  He  does  not  inform  us  that  he  has  ever  seen  it 
absolutely  pure,  and  it  may  therefore  be  presumed  that  he  has  not. 

Rromeis,  many  years  ago,  came  to  the  conclusion  that  other  sub- 
stances besides  carbon  might  communicate  to  iron  the  property  of 
crystallizing  like  spiegelcisen  ;  and  he  writes,  "If  in  all  these  analyses 
we  seek  for  such  a  substitute  (for  carbon],  we  find  it  only  in  the  extra- 
ordinarily  high  content  of  manganese,  which  in  the  spiegelcisen  ex- 
amined by  rue  amounted  even  to  70/0.M*  A  fine  quality  of  (ierman 
spiegelcisen  analysed  in  my  laboratory  by  Mr.  Tookey  contained 
11127o  of  manganese  and  4*77%  of  carbon.  The  late  Mr.  T.  II.  Henry 
fimnd  11*50 °/Q  of  manganese  in  spiegelcisen  made  from  Kranklinite  in 
the  United  States,  and  not  less  than  0*90  7Q  of  carlxm.  Rich  tor  of 
Leobeu  In  Styria  found  7*578 °/Q  of  manganese  and  I*902°/o  of  silicon 
in  a  spiegelcisen  from  Jauerburg  in  Carinthia.  In  another  sj>ccimen 
from  Theresienthal  in  liohemia  the  same  observer  found  22,18tf°/t>  of 
manganese,  2*732  °/0  °f  silicon,  and  not  nunc  than  2*311  ']{  of  carbon. 
It  was  not  attractable  by  the  magnet,  and  it  did  not  throw  down 
metallic  copper  from  a  neutral  solution  of  the  chloride  (CuOl),  but  re 
faced  it  merely  to  dichloride  (CVCl  i,  which  separated.* 

The  data  which  have  now  been  advanced  negative  tho  existence  of 
a  solid  compound  of  the  formula  Fe4C,  but  appear  to  establish  that  of 
a  solid  compound  of  the  formula  (Fe,Mn)V,  or  of  one  of  which  the 
composition  may  be  nearly  represented  by  that  formula,  the  ratio  be- 
tween the  equivalents  of  iron  and  manganese  being  in  round  numbers 
about  20  :  1.    The  adjective  solid  is  used  designedly,  for  it  is  con- 


1  Eiaenhuttenkunde,  1,  p.  592.  1841. 
1  Chemical  Gazette,  14,  p.  iiHO.  lswO. 
4  Techittlosisclie  Eneyklopmlie.  Prcclitl. 
13,  p.  :HX.   Stuttgart,  1H47. 


4  Annul.  d.Clteinieu.  Plmmi.  43,  p  240. 
6  Ifc  r^-ti.  Hiitt<  uinanniuchea  Jahrbucn 

(;.  Fuller.  11.  p.  2i»5.    Wien,    1H02  [dm- 

nouatiun  of  Tunner'a  Jfthrbucli)- 
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ceivable  that  a  compound  having  nearly  at  least  the  formula  Fe4C  may 
yet  exist  in  the.  liquid  state.  In  the  regulus  called  blue  metal  of  the 
copperenielter  we  have  seen  that,  in  the  act  of  solidification  after 
fusion,  metallic  copper  separates,  which  there  is  good  reason  to  believe 
was  in  a  state  of  chemical  combination  while  the  regulus  was  liquid. 
When  iodine  is  dropped  on  iron-filings  which  have  been  rapidly  heated 
to  redness  in  a  porcelain  crucible,  combination  takes  place ;  and  the 
product,  after  having  been  heated  to  bright  redness,  evolves  iodine  on 
cooling  below  redness.  A  periodide  of  iron  seems  therefore  to  be 
formed,  and  to  exist  only  at  the  higher  temperature  ;  for  after  cooling 
a  grey  lamellar  mass  remains,  which  is  pure  protoiodide  of  iron.7  We 
have  also  seen  that  when  pure  iron  is  exposed  to  a  high  temperature, 
in  contact  with  an  excess  of  pure  charcoal,  a  comparatively  fusible 
metallic  substance  is  produced,  which  certainly  contains,  either  in  a 
state  of  chemical  combination  or  in  a  state  of  solution,  between  4  % 
and  5%  of  carbon;  and  that  this  carbon  may  separate  during  solidifi- 
cation in  what  is  termed  the  unconibined  or  graphite  state.  Now  when 
we  consider  the  absolute  infusibility  of  carbon  at  the  highest  tem- 
perature which  wo  have  as  yet  been  able  to  attain,  and  when  we  further 
consider  the  extremely  high  melting-point  of  pure  iron,  it  seems  rea- 
sonable to  conclude  that  when  these  elements  unite  to  form  cast-iron, 
which  is  so  easily  fusible  as  compared  with  pure  iron,  they  enter  into 
chemical  combination  with  each  other.  If  indeed  it  bo  not  so,  then,  so 
far  as  1  am  aware,  the  fact  is  an  anomaly  without  a  parallel  in  che- 
mistry ;  but  admitting  that  it  is  so,  it  does  not  necessarily  follow  that 
a  compound  of  iron  and  carbon  may  not  have  the  property  of  simply 
dissolving  additional  carbon,  and  in  that  caso  the  amount  of  caibon 
might  be  expected  to  increaso  with  the  temperature.  This  would 
explain  the  copious  production  of  graphite,  sometimes  in  large  flakes, 
which  not  unfrequently  occurs  in  tho  smelting  of  iron  in  the  modem 
blast-fun.ace.  The  temperature  is  much  higher  at  some  distance  above 
tho  hearth,  where  the  liquid  cast-iron  accumulates,  than  in  the  hearth 
itself.  One  of  the  conditions  which,  it  is  well  known,  are  essential  to 
the  formation  of  very  grey,  or,  in  other  words,  of  very  graphitic  iron, 
is  great  elevation  of  temperature.  The  other  conditions  are  extensive 
and  comparatively  prolonged  contact  of  the  reduced  iron  with  car- 
bonaceous matter ;  and  the  first  of  these  conditions  necessarily  involves, 
in  a  greater  or  less  degree,  the  other. 

Notwithstanding  the  attention  which  has  been  directed  to  the  study 
of  the  combination  of  iron  with  carbon,  there  are  to  my  mind  many 
points  which  are  still  very  obscure,  especially  with  respect  to  graphitic 
iron.  It  occurs  to  me  as  possible  that  carbon  may,  as  suggested  by 
Berzelius  in  explanation  of  tho  differences  between  certain  isomeric 
compounds  of  carbon  and  hydrogen,  etc.,  exist  in  iron  in  the  two  allo- 
tropic  states  of  graphitic  and  amorphous  carbon,  or,  as  he  distinguishes 
them,  C/3  and  Uy;8  and  that  a  very  high  temperature  developes  the 


'  Wunklyn  and  L.  Curiu-.  Ann.  do  Cliiin.  it  dv  Pliys.  3.  *.  «4,  p.  484.  1802. 
H  Tr.  1,  p.  2UI. 
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first  of  these.  I  do  not  however  find  that  in  remelting  characteristic 
spiegeleisen  under  plate-glass,  at  a  temperature  sufficient  to  melt 
wrought-iron  with  facility,  there  is  any  separation  of  graphite,  or  any 
sensible  change  in  the  external  characters  of  the  metal.  Gurlt  states 
M  it  is  known  from  experience  that  white  pig-iron  ma}'  be  converted 
into  grey,  causing  a  separation  of  carbon  in  the  form  of  graphite,  by 
exposing  it  to  a  degree  of  heat  much  above  that  required  to  effect  its 
fusion ;  specular  [cast]  iron  may  even  be  converted  into  grey  cast-iron 
in  this  way."*  1  am  certain  that  in  iny  experiment  above-mentioned 
the  spiegeleisen  was  heated  far  beyond  its  melting-point,  yet  without 
becoming  grey  iron. 

Jf  we  admit  that  carbon  may  exist  in  molten  iron  in  the  two  allo- 
tropic  states  of  amorphous  and  graphitic  carbon,  the  question  naturally 
arises  whether  the  graphitic  can  again  become  amorphous  carbon.  We 
know  that  the  latter  may  pass  into  the  former  by  the  action  of  intense 
heat  This  question  might  probably  be  solved  by  exposing  mixtures 
of  pure  iron  and  pure  graphite  to  varying  temperatures. 

Berthier  conceived  that  he  had  discovered  a  definite  carbide  of  iron 
of  the  formula  FeC,  and  the  evidence  on  the  subject  is  as  follows:1 — 
"Cast-steel,  broken  in  pieces  from  2  to  3  centimetres  (0*79  in.  to  1*18  in.) 
long,  having  been  put  to  digest  in  water  mixed  with  bromine  or  iodine 
in  insufficient  quantity  to  dissolve  all  the  iron,  and  the  liquor  decanted, 
after  the  lapse  of  several  days,  at  the  moment  when  the  bromine  and 
iodine  were  nearly  saturated,  the  pieces  of  steel  which  were  found  at 
the  bottom  of  the  vessel  had  preserved  their  form  and  original  appear- 
ance, and  it  seemed  that  they  had  undergone  no  alteration;  but,  on 
the  contrary,  it  was  soon  ascertained  that  they  had  been  strongly 
attacked.  They  retained  indeed  some  degree  of  consistency,  but  broke 
between  the  fingers  like  pieces  of  charcoal ;  they  were  compact,  fine, 
and  close-grained  in  fracture  like  steel,  and  had  a  feebly  metallic 
black-grey  colour  ;  they  marked  paper  grey  like  plumbago,  and  might 
have  been  used  as  pencils;  on  scratching  these  pieces  with  a  penknife 
there  remained  a  solid  part  in  the  shape  of  a  needle,  which  formed 
their  axis  and  was  steel  intact.  The  portion  attacked  being  again 
treated  with  bromine  or  iodine,  was  converted  into  pure  carbon,  iron 
heing  dissolved  :  hence  it  was  carbide  of  iron.  Analysis  showed  that 
this  carbide  was  composed  exactly  of  one  atom  of  each  of  its  elements, 
or  of  81-7%  of  iron  and  18-3%  of  carbon.  It  was  magnetic,  and  per- 
fectly attackable  by  bromine,  iodine,  and  hydrochloric  acid,  but  only 
when  isolated.  In  contact  with  iron,  this  metal  first  dissolves.  When 
pieces  of  steel  are  treated  with  bromine  or  iodine  they  are  gradually 
transformed  from  the  surface  to  the  interior,  by  way  of  cementation, 
into  the  carbide  FeC ;  and  so  long  as  any  unchanged  steel  remains  in 
the  centre,  the  carbide  enveloping  this  steel  is  homogeneous,  and  does 
not  contain  less  than  one  atom  of  iron  for  one  atom  of  steel,  even  at  the 
surface ;  but  as  soon  as  the  last  traces  of  steel  are  destroved,  the  carbide 
itself  yields  to  the  action  of  the  bromine  or  iodino ;  and  if  the  solvent 

Chemical  Uuetu,  1  >.  i>.  2:M.   ltGt;.  1  Ami.  d  Miuea,  :i.  *.  n.  p.  22U. 
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is  employed  in  sufficient  proportion,  it  gives  up  the  whole  of  its  iron, 
and  is  transformed  into  pure  carbon." 

It  does  not  appear  that  Berthier's  conclusion  has  ever  been  con- 
firmed, and  no  single  observation  of  tho  kind  should  be  received  as 
satisfactory.  The  fact  that  the  insoluble  residue  was  composed  accord- 
ing to  the  formula  FeC  may  have  been  a  mere  coincidence.  It  is  not 
stated  that  this  residue  had  identically  the  same  composition  in  every 
part  of  tho  mass ;  and  even  if  this  had  l>een  shown  to  lie  the  case,  it 
would  not  necessarily  follow  that  the  alleged  monocarbide  pre-existed 
in  the  steel.  Caron  has  in  vain  endeavoured  to  procure  the  definite 
carbide  of  Berthier  by  the  solvent  action  of  bromine  or  iodine  upon 
steel.  In  every  instance  this  pretended  carbide  of  iron  varied  in  com- 
position, not  only  with  tho  quality  of  the  steels  and  the  nature  of  the 
solvents  employed,  but  also  with  the  form  and  size  of  the  specimens 
operated  upon.  Hence  Caron  concluded  that  tho  carbide  of  Berthier 
was  probably  only  a  mixture  of  carbon  and  metal,  in  which  tho  latter 
was  mechanically  protected  by  tho  carbon  from  solvent  action.1 

Berzelius  admitted  the  existence  of  carbides  of  iron  having  the 
formula)  FeC"  and  Fe*C\  •  Tho  method  which  ho  recommended  as  the 
best  for  obtaining  tho  first  of  these  compounds  in  a  state  of  purity  is 
the  distillation  of  ferrocyanido  of  ammonium  in  a  retort  At  first 
cyanide  of  ammonium  and  water  pass  over  together,  and  then  nitrogen 
is  evolved.  If,  towards  tho  end  of  tho  operation,  the  carbide  of  iron 
remaining  is  heated  to  redness,  it  takes  fire,  and  seems  to  burn  for  an 
instant  as  though  in  oxygon  gas ;  but  this  phenomenon  quickly  dis- 
appears. Should  part  of  the  cyanide  of  iron  have  escaped  decompo- 
sition, it  is  decomposed  during  this  rapid  rise  of  temperature,  and 
nitrogen  is  disengaged  with  violence.  According  to  Berzelius  this 
phenomenon  of  light  has  the  greatest  analogy  to  that  observed  in  heating 
hyd rated  sesquioxide  of  iron,  and  44  is  due  to  the  fact  that  tho  carbide 
of  iron  passes  from  one  isomeric  modification  to  another."  The  carbide 
of  iron  thus  obtained  is  described  as  an  incoherent  black  powder  which 
takes  fire  when  gently  heated,  and  burns  like  tinder,  yielding  a  residue 
of  sesquioxide  of  iron  equal  in  weight  to  itself.  Tho  carbide  of  iron  of 
the  formula  Fe'C*  is  prepared  by  heating  pure  Prussian  blue  in  the 
same  manner ;  water,  a  little  cyanide  of  ammonium,  and  much  car- 
bonate of  ammonia,  pass  over,  and  thero  remains  in  the  retort  the 
carbide,  which  produces  tho  same  phenomenon  of  light  as  that  abovo 
described.  Liebig  and  Gerhardt*  have  accepted  theso  residues  as 
combinations  of  carbon  and  iron,  but  others  believe  them  to  be  only 

2  Comptea  Ri  nd.  ,r>G,  p.  44,  Jan.  1863.      to  rac  quite  unintelligible  (7,  p.  432)  : 

3  Tr.  2,  p.  GU2.  184G.  Vitl.  also  the  "When  [ferroeyanido  of  ammonium  is] 
edition  of  lSIU.  X,  p.  270.  There  is  un  more  .strongly  heated  in  contact  with  air, 
important  error  in  the  most  recent  edition,  it  turn*  brown,  and  is  then  converted  into 
which  does  not  occur  in  the  tirst.  In  re-  black  bicarbide  of  iron,  which,  at  a  still 
ference  to  the  incandescent  phenomenon  higher  temperature,  exhibit*  a  glimmering 
it  is  stated  "commc  du  gaz  oxygene  "  in-  light,  and  if  heated  in  the  air,  bums  like 
Stood  of  *' commc  dans  du  gaz  oxygene."    tinder,"  &c. 

The  pnssage  in  (Jmelin's  llandb.,  by  the  ;  *  Traitc  do  Chim.  Organ.  1,  p.  157. 
Cavendish  Society,  in  which  the  process  1840.  Tmit<5  do  Chim.  Organ.  I,  p.  oUO. 
of  making  carbide  of  iron  is  described,  is  '  1853. 
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mixtures  of  carbon  and  iron  slightly  carbnrized.  ftobiqnet  is  of  this 
opinion,  and  urges  in  support  of  it  the  not  very  conclusive  facts  that 
the  residues  are  very  magnetic,  are  easily  rusted  in  moist  air,  and  that 
acids  very  readily  extract  the  iron  from  them.*  The  phenomenon  of 
light  well  deserves  attention,  and  possibly  nitrogen  may  play  an  im- 
{•ortant  part  in  it,  as  titanium  has  been  shown  by  Wohler  to  burn  in 
that  gas  with  considerable  incandescence.  These  alleged  carbides  of 
iron  require  and  merit  further  investigation,  and  nitrogen  especially 
should  be  looked  for  in  them. 

Formerly  it  was  concluded  from  Karsten's  experiments  on  tho 
action  of  acids  on  certain  varieties  of  iron  containing  carbon,  that  there 
existed  in  the  insoluble  residue  a  definite  carbide  of  the  formula  FeO* : 
and  this  compound  has  often  been  described  in  chemical  as  well  as 
metallurgical  treatises.*  In  Kai°sten*s  paper,  previously  adverted  to, 
which  was  published  in  1846,  or  five  years  after  the  second  and  last 
edition  of  his  work  on  the  Metallurgy  of  Iron,  the  author,  as  we  have 
seen,  admitted  that  there  was  no  satisfactory  proof  of  the  existence  of 
such  a  carbide.  Bromeis  informs  us  that  he  never  succeeded  in  ob- 
taining a  definite  compound  of  carbon  and  iron  by  the  solvent  action 
of  acids;  and  therefore  as  no  additional  evidenco  has,  so  far  as  I  am 
aware,  been  advanced  on  the  subject,  the  carbide  in  question  can  no 
longer  be  received.  But  even  if  its  existence  had  been  demonstrated, 
it  would  not,  as  I  have  remarked  in  reference  to  Berthiers  alleged 
monocarbide  of  iron,  necessarily  follow  that  it  pre-existed  in  tho  iron. 

Gurlt  admits  the  existence  of  pure  tetracarbide  of  iron  (Fe*C)  as 
demonstrated,  and  maintains  that  there  is  also  an  octocarbide,  Fe"(\ 
which  he  was  the  first  to  recognize.7  It  is  distinguished,  he  informs 
as,  from  the  tetracarbide  not  only  by  its  chemical  composition,  but  also 
very  distinctly  by  its  crystalline  foim  and  other  physical  properties. 
It  belongs  to  the  regular  or  cubical  system,  and  almost  always  wears 
*' in  confused  octahedral  groups,  with  the  planes  not  well  defined,  but 
the  angles  occasionally  sharp."  lie  analysed  a  piece  of  such  crystal- 
lized cast  iron  from  Gleiwitz  in  Upper  Silesia,  from  the  core  of  a  cast- 
iron  gun,  and  found  it  to  have  the  following  composition  : — 


Girbon,  combined   2- 4<> 

Ditto    graphitic    2  84 

Silicon   OU<i 

Iron   94  20 

Sulphur  and  phoaphorua   tnuvs 


99  -7G 

He  considers  a  small  portion  of  the  combined  carbon  as  replaced  by 

silicon,  and  expresses  what  he  conceives  to  be  the  rational  constitution 

of  this  metal  by  the  following  formulae: — 

Fi*C   94-008 

Fe'Si   2-trJO 

Grophite    2-840 


99  7o8 


'*  Bertlm  r,  T.  2,  p.  209.  I     '  Chemical  Gazette,  14,  pp.  230  i  t  «•«!■ 

*  Vid.  Groclin's  Uandb.  5,  p.  203.  |  t8.")C. 
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"  In  the  former  constituents,"  he  writes,  "  the  carbon  is  to  the  iron 
as  1  :  37-3,  and  in  the  latter  the  silicon  is  in  the  proportion  of  1  :  10*0, 
closely  agreeing  with  the  calculated  composition ;  and  {is  the  octo- 
carburet  so  largely  preponderates  in  this  compound,  one  is  fully  justi- 
fied in  describing  it  as  such."  He  assigns  to  this  supposed  octocarbidc 
the  following  characters: — Specific  gravity,  7*15;  colour,  iron-grey; 
much  less  hard  and  brittle  than  the  tetracarbide,  retaining  the  impres- 
sion of  the  hammer  when  struck ;  and  less  fusible  than  the  tetracarbide. 
It  is  frequently  met  with  in  cavities  in  large  castings  of  grey  iron,  such 
as  rolls  and  pieces  of  ordnance.  The  crystals  usually  occur  in  pyra- 
mids as  much  as  2  lines  broad,  and  are  often  beautifully  iridescent ; 
but  these  crystals,  Gurlt  adds,  are  not  to  be  confounded  with  those  of 
soft  malleable  iron,  which  are  sometimes  produced  during  the  pro- 
cesses of  refining  and  puddling,  as  these  44  contain  no  carbon,  and  are 
so  free  from  foreign  matters  that  they  may  be  considered  as  nearly 
chemically  pure  iron." 

Such  is  the  evideuce  which,  according  to  Gurlt,  suffices  to  establish 
the  existence  of  octocarbidc  of  iron.  Now  we  know  that  iron  crys- 
tallizes in  the  cubical  system,  and  we  know  further  that  a  body  may 
contain  a  large  amount  of  foreign  matter  and  yet  crystallize,  sometimes 
with  great  distinctness,  in  its  own  system.  Where,  then,  we  may  ask, 
is  the  proof  that  these  alleged  crystals  of  octocarbide  of  iron  were  any- 
thing more  than  crystals  of  iron  impregnated  with  graphite  and  a 
carbide  of  iron  certainly  not  an  octocarbide  ?  None  has  been  adduced, 
and  until  we  have  such  proof  we  may  fairly  decline  to  accept  the  octo- 
carbide, though  we  do  not  protend  that  the  existence  of  such  a  coin- 
pound  is  impossible  or  even  improbable.  Carnall  met  with  octa- 
hedrons in  a  blister  in  the  rim  of  a  wheel  made  from  fine-grained 
mottled  cast-iron,  lie  believed  them  to  have  the  siune  composition  as 
the  surrounding  metal;8  and  Ilausmann  states  that  in  common  white 
iron  (not  spiegeleisen),  which  had  been  long  exposed  to  a  high  tempe- 
rature, he  found  crystals  exactly  similar  to  those  occurring  in  grey  cast- 
iron.  After  this  exposure  the  metal  had  precisely  the  same  coarsely 
laminar  fracture,  with  44  three-sided  rectangular  lamina)"  through  the 
mass,  as  wrought  iron  acquires  under  these  conditions." 

Concisely  stated,  Guilt's  views  appear  to  be  as  follow: — Grey  iron 
is  an  octocarbide  intermingled  with  graphito ;  specular  cast-iron,  i.  e. 
iron  combined  with  the  maximum  of  carbon,  is  a  tetracarbide ;  and 
mottled  iron  is  a  mixture  of  the  two.  lie  conceives  that  the  tetra- 
carbide, which  is  stated  to  be  formed  at  a  comparatively  low  tempera- 
ture, is  resolved  at  a  higher  temperature  into  octocarbide  and  graphite; 
and  hence  he  suggests  the  probability  that  the  octocarbide  is  always 
formed  from  the  tetracarbide.  \\  ith  respect  to  these  views  it  may  be 
remarked  that  at  present  there  is  no  satisfactory  proof  of  the  existence 
of  such  a  solid  pure  octocarbide  of  iron  as  Gurlt  assumes,  and  that  the 
statement  as  to  the  conversion  of  spiegeleisen  containing  manganese 
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into  grey  iron,  by  simple  exposure  to  a  temperature  considerably  higber 
than  the  melting-point  of  the  former,  requires  confirmation.  It  may 
be  that  I  failed  to  obtain  this  conversion  from  not  having  kept  the 
spicgeleisen  exposed  to  a  high  temperature  for  a  sufficient  time ;  for 
Gnrlt  indicates  that  the  decomposition  of  the  tetracarbide  may  be  in- 
complete, "  owing  to  the  necessary  temperature  not  being  sufficiently 
protracted."  Whether  this  be  so,  I  know  not ;  but  1  consider  it 
improbable.  If  Gurlt's  views  were  established,  it  would  seem  to 
follow  that  carbon  may  exist  even  in  liquid  cast-iron,  in  the  two  allo- 
typic states  of  amorphous  and  graphitic  carbon ;  for  otherwise  why 
should  graphite  separate,  during  solidification,  from  spiegeleisen,  which 
has  merely  been  exposed  to  a  higher  degree  of  heat  than  its  melting- 
pant,  and  none  separate  from  the  same  kind  of  cast-iron  during  solidifi- 
cation after  fusion  at  or  somewhat  beyond  its  melting-point?  Gurlt's 
theory  has  certainly  the  merit  of  simplicity,  ditference  of  temperature 
explaining  everything ;  but  simplicity,  to  have  any  value,  must  bo 
founded  in  truth,  and  this  cannot  be  alleged  with  cortainty  of  the 
theory  in  question.  This  theory,  however,  has  not  the  merit  of  much 
originality,  as  in  its  most  essential  points  it  closely  resembles  that  long 
before  propounded  by  Karstcn. 

Gurlt  illustrates  his  paper  on  the  compounds  of  carbon  and  iron 
with  a  selected  series  of  analyses  of  various  kinds  of  cast-iron,  and 
has  endeavoured  to  express  their  rational  constitution.  The  first  on 
the  list  is  one  by  Karsten,  of  spicgeleisen  mado  from  spathose  ore.  It 
is  given  exactly  as  follows  : 


Carbon   5*112] 

Sulphnr    0-001 1 

Iron   94  SS7  j 

Copper   trace) 

100-000 


Fe«C 
Fe»8 


iFc   94-188\ 

\C    5-112/ 

iFe   0*0141 

\S    0-001/ 


99-800 
0  015 


99-315 


How  far  this  is  correctly  cited  the  reader  shall  judge  for  himself, 
from  the  following  literal  transcript  from  Karsten's  table  of  analyses 
of  various  kinds  of  pig-iron.' 


Carbon. 

Sulphur. 

pborus. 

Silicon. 

Manga- 

Uncora- 
blned. 

Com- 
bined. 

Total. 

•9.  From  Saynerhiitte 

t  t 

51117 

51117 

0-001 

t 

t 

t 

t 

The  sign  (f)  indicates  that  the  substanco  was  not  sought  for,  and 
the  sign  (ft)  that  it  was  sought  for,  but  not  found.  This  is  the 
analysis  which  is  presented  by  Gurlt  as  I  have  given  it  above.  It  will 
be  immediately  observed  that  the  94*  887  %  of  iron  is  a  mere  assump- 
tion by  Gurlt,  and  tliat  manganese  even  was  not  sought  for  by  Karsten. 
Further  comment  is  unnecessary.  Gurlt  adduces  analyses  by  himself 
of  Scotch  iron  in  support  of  his  views.    He  employed  chloride  of  silver 
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as  a  re-agent,  and  obtained  an  insoluble  residue  which  he  believed  to 
consist  of  silver,  graphite,  carbon,  and  silica.*  The  weight  of  this 
being  determined,  he  boiled  a  portion  of  it  with  caustic  soda,  which 
dissolved  44  the  silica  and  chemically-combined  carbon,"  etc.,  and  tho 
latter  was  estimated  by  difference.  Now,  the  solution  of  pure  carbon 
in  any  state  would  bo  a  new  fact  in  chemistry ;  but  it  will  be  shown 
that  what  was  thus  regarded  as  pure  carbon  by  Gurlt  was  not  pure 
carbon,  so  that  so  far  his  analyses  must  bo  erroneous. 

The  reader  cannot  fail  to  perceive  how  unsatisfactory  our  informa- 
tion still  is  concerning  the  modes  of  tho  existence  of  carbon  in  iron 
and  their  causes.  The  conclusions  at  which  Karsten  and  others  have 
arrived  on  this  highly  interesting  and  not  less  important  subject 
appear  to  me  to  be  vitiated  in  a  greater  or  less  degree  by  the  fact,  that 
tho  data  upon  which  they  are  founded  have  been  derived  from  observa- 
tions and  experiments  upon  the  varieties  of  carburized  iron  of  com- 
merce, which  never  consist  of  iron  and  carbon  alone,  but  always  con- 
tain sensible  proportions  of  other  elements,  especially  sulphur,  phos- 
phorus, and  silicon.  That  the  presence  of  these  elements,  either 
separately  or  together,  is  not  uninflucntial  will  presently  be  demon- 
strated. It  is  only  by  operating  upon  pure  iron  and  pure  carbon  that 
we  can  hopo  to  obtain  results  entirely  free  from  error ;  but  those  only 
who  have  attempted  to  experiment  in  this  direction  can  fully  appre- 
ciate the  difficulties  which  have  to  be  encountered,  but  which,  happily, 
there  is  no  reason  to  suppose  are  insurmountable.  I  would  especially 
direct  the  attention  of  students  and  others,  who  may  be  desirous  of 
selecting  some  promising  metallurgical  problems  for  original  investiga- 
tion, to  tho  combinations  of  carbon  and  iron. 

According  to  Karsten  temperature  is  everything ;  and  that  it  plays 
a  very  prominent  part  in  determining  tho  mode  of  existence  of  carbon 
in  iron  no  one  can  doubt.  But,  whether  it  be  so  exclusively  the  agent 
as  Karsten  maintains,  may  fairly  be  questioned.  I  will  now  present, 
as  succinctly  as  I  can,  a  summary  of  his  deductions  on  the  subject,  with 
a  brief  commentary  thereon ;  and  I  shall  translate,  as  literally  as  pos- 
sible, the  language  in  which  they  are  expressed  by  tho  author.4 

When  white  cast-iron  is  allowed  to  cool  with  the  utmost  slowness 
after  fusion,  it  is  not  even  then  converted  into  grey  cast-iron  unless  it 
has  been  melted  at  a  much  higher  temperature  than  was  required  to 
bring  it  into  the  liquid  state.  By  this  variation  in  temperature,  and 
in  proportion  to  tho  slowness  with  whicli  solidification  takes  place,  the 
product  will  bo  obtained  in  tho  state  of  white,  mottled,  or  grey  cast- 
iron.  A  porous  variety  of  white  cast-iron,  which  the  Germans  call 
11  luckigo  Floss,"  and  steel  containing  much  carbon,  may,  like  white 
cast-iron,  be  converted  into  grey  cast-iron,  by  keeping  them  for  some 
time  melted  in  a  clay  crucible  at  an  extremely  high  temperature,  and 
afterwards  letting  them  slowly  solidify  with  the  greatest  care.  ]f  the 
temperature  has  not  been  high  enough,  only  soft  grey  iron  is  produced, 
which  contains  no  uncombined  or  graphitic  carbon,  but  only  a  poly- 
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carbide,  i>.  the  carbon  is  not  combined  with  the  whole  of  tho  iron,  but 
exists  as  a  carbide  of  unknown  composition,  designated  polycarbide, 
intermixed  with  comparatively  pure  iron,  or  with  iron  rather  in  which 
only  a  little  carbon  is  present.  This  polycarbide  is  formed,  though  to 
a  less  extent  than  under  the  above-mentioned  conditions,  by  merely 
heating  to  redness  and  slowly  cooling  afterwards,  more  carbon  in  this 
case  remaining  in  combination  with  the  whole  mass  of  the  iron.  This 
Ls  the  reason  why  hardened  steel  is  so  much  softer,  the  longer  and  tho 
more  strongly  it  is  heated.  White  cast-iron,  with  the  characteristic 
fracture  of  specular  cast-iron,  by  heating  to  redness  and  slowly  cooling 
afterwards,  with  perfect  exclusion  of  tho  air,  docs  not  change  into  grey 
and  soft  iron  containing  polycarbide,  probably  because  it  is  a  neutral 
product,  and  the  iron  and  carbon  are  in  the  state  of  mutual  combina- 
tion and  saturation.  This  iron,  in  order  to  be  converted  into  grey 
cad-iron,  must  necessarily  bo  exposed  to  a  melting  heat  inversely 
proportionate  to  that  required  simply  to  render  it  liquid. 

On  the  contrary,  in  order  to  render  soft  steel,  or  wrought-iron, 
annealed  at  a  red  heat,  and  which  still  contains  a  sensible  quantity  of 
carbon,  hard  and  white  by  sudden  change  of  temperature,  tho  tem- 
perature—in so  far  as  merely  heating  to  redness  is  sufficient  for  the 
purpose — must  be  as  much  higher,  and  consequently  the  change  of 
temperature  by  sudden  cooling  as  much  greater,  as  the  amount  of  car- 
bon in  the  iron  is  smaller.  In  grey  cast-iron,  tho  carbon  present  in 
the  uncombined  state  takes  no  part  in  this  change ;  and  it  will,  there- 
fore, depend  on  the  quantity  of  combined  carbon  in  this  kind  of  iron, 
whether  the  hardness  of  the  latter  bo  considerably  increased  by  sudden 
cooling  after  heating  to  redness.  By  the  long  continued  exposure  of 
graphitic  grey  cast-iron  to  a  stronger  heat,  yet  below  its  melting-point, 
it  is  actually  more  or  less  completely  changed  into  grey  soft  iron, 
which  by  sudden  cooling  becomes  considerably  harder  and  whiter,  and 
which  by  slow  cooling  remains  soft,  notwithstanding  it  contains  very 
much  polycarbide  and  little  graphite ;  but  this  is  a  result  of  a  peculiar 
kind,  which  cannot  be  attained  by  rapid  heating  to  redness.  In  this 
case  tho  graphite  or  the  carburized  iron  acts  the  same  part  as  tho  car- 
bon in  the  conversion  of  bar-iron  into  steel  by  cementation;  and,  in- 
deed, grey  cast-iron  may  even  be  substituted  for  carbon  in  this  process. 
If  grey  cast  iron  is  to  bo  changed  into  white  by  sudden  cooling,  it 
must  not  bo  fused  at  a  temperature  considerably  higher  than  its  melt- 
ing-point.  The  more  graphite  it  contains,  the  more  quickly  follows 
the  change  by  sudden  solidification.  Grey  cast-iron,  which  only  con- 
tains little  graphite,  yields  to  this  change  with  great  difficulty ;  and 
the  reason  is,  that  this  kind  of  cast-iron  requires  for  its  fusion  a  very 
strong  heat,  which  cannot  be  so  quickly  and  completely  extracted  by 
sudden  solidification. 

This  theory  of  Karsten  is  ingenious ;  but  let  it  be  borne  in  mind, 
that  it  rests  on  the  assumption  of  tho  existence  of  a  polycarbide  of 
iron,  which  he  never  succeeded  either  in  isolating  or  preparing,  and 
the  composition  of  which  he  regarded  as  doubtful.  That  iron  and 
carbon  do  actually  enter  into  chemical  combination,  no  one  I  presume 
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will  doubt ;  and  if  so,  then,  if  the  theory  of  definite  proportions  be  true, 
there  must  at  least  be  one  definite  compound,  and  there  may  be 
several,  of  these  elements  which  is  capable  of  dissolving  in,  or  being 
dissolved  by,  iron.  It  is  true  that  the  melting-point  of  pure  iron  is 
very  much  higher  than  that  of  the  metal  when  carburized  in  a  sensible 
degree ;  yet  there  is  no  reason  why  metals  should  be  considered  as 
exceptional  in  the  case  of  solution.  Thus  mercury,  which  is  fluid  at 
the  ordinary  temperature,  immediately  liquefies  silver,  gold,  or  copper ; 
and  the  difference  between  the  melting-points  of  mercury  and  these 
metals  is  proportionately  far  greater  than  between  the  melting  points 
of  carburized  iron  and  pure  iron.  Molten  lead  also  readily  dissolves 
silver,  and  many  other  similar  examples  might  be  mentioned.  How- 
ever, in  all  these  cases,  there  is  chemical  action  as  well  as  solution. 
Definite  compounds  or  alloys  are  first  formed,  and  these  dissolve  in  the 
excess  of  the  mercury  or  molten  lead.  Perhaps  it  may  be  objected 
that  in  this  case  analogy  does  not  hold  good,  because  carburized  iron  is 
not  a  metal,  but  a  metallic  compound.  When,  however,  I  reflect  upon 
the  phenomena  of  solution  generally,  I  am  not  disposed  to  attach 
much  weight  to  this  objection. 

The  chief  facts  and  opinions  which  we  have  passed  in  review  as  to 
the  modes  of  oxistenco  of  carbon  in  iron  may  be  conveniently  con- 
densed as  follows : — 

Carbon  may  exist  in  molten  pure  cast-iron  in  such  a  state  that, 
during  solidification,  under  ordinaiy  conditions,  it  separates  wholly  or 
nearly  so  as  graphite,  which  remains  diffused  through  the  solid  me- 
tallic mass.  The  proof  of  this  is  afforded  by  chemical  analysis,  and 
will  be  particularly  examined  hereafter.  By  the  action  of  acids  the 
iron  is  dissolved,  and  graphitic  carbon,  sometimes  in  flakes  of  consider- 
able size,  is  obtained  as  an  insoluble  residue.  But  it  may  be  asked 
whether— admitting  that  carbon  may  actually  combine  with  iron,  and 
when  thus  combined  retain  its  allotropic  character — the  fact  of  gra- 
phitic carbon  being  left  by  the  solvent  action  of  acids  is  certain 
evidence  that  this  carbon  was  not  present  in  the  solidified  metal,  at 
least  in  a  certain  degree,  in  chemical  combination  with  the  iron.  With 
regard  to  any  distinct  flakes  of  graphite  which  may  be  separated 
there  can  be  no  reasonable  doubt,  though,  according  to  my  experience, 
even  they  retain  iron  in  some  fonn  or  other  which  it  is  difficult  to  dis- 
solve out  completely.  Not  always,  however,  is  the  graphite  obtained 
in  distinct  flakes.  Moreover,  when  we  carefully  inspect  the  fractured 
surface  of  a  piece  oven  of  highly  graphitic  iron,  every  part  presents 
more  or  less  of  a  characteristic  graphitic  lustre,  yet  not  a  trace  of  gra- 
phite can  be  detached  with  the  point  of  a  penknife. 

In  molten  graphitic  iron,  the  carbon  must  be  either  wholly  in 
chemical  combination  or  wholly  in  solution,  or  partly  in  chemical 
combination  and  partly  in  solution. 

A  high  temperature  appears  to  be  necessary  for  the  production  of 
graphitic  iron. 

Slow  solidification  after  fusion  is  the  condition  favourable  to  the 
separation  of  graphitic  carbon  in  laminne  or  flakes. 
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Accepting,  for  the  sake  of  argument,  the  hypothesis  of  the  existence 
of  carbon  in  molten  grey  iron  in  the  allotropic  state  of  graphite, 
and  admitting  that  such  iron  may  by  sudden  cooling  be  converted 
into  white  iron, — which  I  am  not  aware  has  been  ever  demon- 
strated by  experiment  in  the  case  of  pure  grey  iron,  i.e.  consisting  of 
pure  iron  and  pure  carbon- this  white  iron  would  constitute  a  specific 
variety. 

Carbon  may  exist  in  such  a  state  in  molten  cast-iron  or  steel,  that 
during  solidification,  if  rapidly  effected,  no  graphitic  carbon  can  bo 
detected  by  the  solvent  action  of  acids  in  the  solid  metal,  which  then 
possesses  the  characteristic  properties  of  what  is  termed  white  iron. 
This  kind  of  iron,  it  is  generally  maintained,  is  only  produced  at  a 
temperature  which  is  described  as  low,  compared  with  that  at  which 
grey  or  graphitic  iron  is  formed.  But,  if  I  mistake  not,  hitherto  all 
observations  and  experiments  in  reference  to  this  variety  of  cast-iron 
are  so  far  inconclusive,  that  they  have  not  been  made  upon  metal  con- 
sisting of  pure  iron  and  pure  carbon.  However,  assuming  that  they  arc 
conclusive,  as  may  hereafter  be  proved  to  bo  the  case,  it  would  appear 
that  the  whole  of  the  carbon  may  be  present  in  the  solid  metal  in 
the  state  either  of  mechanical  diffusion  or  of  chemical  combination, 
or,  according  to  Karsten,  in  chemical  combination  only  with  part  of 
the  iron,  constituting  a  definite  carbide  of  unknown  formula  (polycar- 
bide),  the  rest  of  the  iron  retaining  only  a  very  small  amount  of  carbon 
or  none  at  all. 

Slow  solidification  after  fusion  at  a  comparatively  low  temperaturo, 
according  to  the  same  observer,  is  the  condition  favourable  to  the  for- 
mation and  separation  of  this  supposed  polycarbide,  just  a«  the  samo 
condition  of  solidification  after  fusion  at  a  very  high  temperature  is 
favourable  to  the  separation  of  graphitic  carbon  from  grey  iron.  By 
exposure  to  a  red  heat,  i.e.  far  below  the  melting-point  of  any  kind  of 
cast-iron,  the  supposed  polycarbide,  which  may  be  present  in  solid 
iron,  may  be  destroyed ;  or,  in  other  words,  the  iron  in  the  free  state 
may  combine  with  the  polycarbide  and  so  form  one  homogeneous  me- 
tallic mass,  provided  the  metal  be  afterwards  suddenly  cooled.  Con- 
versely, by  again  heating  this  mass  to  redness  and  slowly  cooling  after- 
wards, the  polycarbide  may  be  reproduced. 

The  carbon  in  this  variety  of  cast-iron,  it  is  conjectured,  may 
be  in  the  allotropic  state  of  amorphous  carbon,  and  may  be  sus- 
ceptible of  conversion  into  graphitic  carbon  by  exposure  to  a  very 
high  temperature.  It  is  with  design  that  I  hero  employ  the  word 
conjectured;  for  no  other  ought  to  be  used  in  the  present  state  of  our 
knowledge. 

Supposing  that  carbon  may  exist  in  molten  grey  iron  in  the  allo- 
tropic state  of  graphite,  it  is  not  yet  known  whether  under  any  con- 
ditions it  may  revert  to  the  state  of  amorphous  carbon. 

The  following  observations  of  Karsten  boar  upon  the  subject  under 
consideration,  and  well  merit  the  attention  of  practical  men.8  When 
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grey  cast-iron  is  heated  far  above  its  melting-point  and  poured  into  a 
mould,  made  of  a  bad  conductor  of  heat,  the  fractured  surface  of 
the  cold  ingot  presents  no  great  difference  in  appearance  in  any  part. 
Nevertheless,  lie  ascertained  from  numerous  experiments  that  the 
metal  in  the  middle  of  the  ingot  always  contained  less  carbon  but 
more  graphito  than  that  towards  the  exterior.  This  he  inferred  was 
due  to  a  difference  in  the  composition  of  the  supposed  polycubido  in 
different  portions  of  the  ingot.  The  metal  from  the  exterior  contained 
besides  graphite  the  polycarbidc  peculiar  to  white  cast-iron  and 
hardened  steel ;  whilst  the  polycarbide  from  the  central  portion  was 
far  richer  in  carbon,  and  agreed  with  that  in  annealed  white  cast-iron 
and  in  softened  steel.  That  the  cast-iron  in  a  liquid  state,  he  remarks, 
was  a  uniform  chemical  combination  can  with  difficulty  be  denied, 
lie  explains  the  difference  of  composition  in  the  solid  ingot  by  the 
longer  continued  exposure  of  the  central  portion  to  a  high  temperature 
during  solidification  than  the  outer  portion,  lie  thus  accounts  for  the 
difference  in  the  results  in  the  determination  of  the  carbon  when  diffe- 
rent parts  of  the  same  pioce  of  cast-iron  are  analysed  even  with  the 
greatest  care :  and  suggests  that,  consequently,  tho  tenacity  of  tho 
metal  may  vary  in  different  parts  of  the  same  casting.  Even  in  chill- 
castiiKjs,  the  white  iron  at  the  surface  will  contain  more  carbon  than 
the  inner  kernel;  but,  when  solidification  is  slowly  effected,  the  outer- 
most layer  often  contains  as  much  as  1*757  more  carbon  than  the 
central  part.  In  exemplification  of  this  fact,  the  following  experiment 
by  Karstcn  may  be  adduced." 

Grey  cast-iron,  which  before  re-melting  had  a  specific  gravity  of 
7-1839,  and  contained  4-0281  %  of  carbon,  of  which  3 *24G9  existed 
as  graphite  and  0-  7812  in  the  combined  state,  was  melted  in  a  reverbe- 
ratory  furnace  and  run  into  a  thick  cast-iron  mould.  Tho  surface  of 
the  cold-casting  to  the  depth  of  an  inch  was  white  and  as  hard  as  steel, 
and  of  this  a  portion  was  taken  as  well  as  another  portion  from  the 
soft  grey  cast-iron  in  the  middle  of  tho  ingot.  Tho  outer  white  iron 
had  a  spocific  gravity  of  7*6467,  and  contained  5 *0929 °/o  of  carbon 
wholly  in  tho  combined  state.  Tho  inner  grey  iron  had  a  specific 
gravity  of  7  •  1 7*>3,  and  contained  3 *  8047  °/0  of  carbon,  of  which  3  •  1 941 
consisted  of  uncombincd,  and  0*6106  of  combined,  carbon. 

On  tlis  action  of  silicon  on  iron  containing  carton. — This  is  a  subject  of 
considerable  practical  interest*  From  tho  close  chemical  relations 
between  these  two  elements,  it  is  reasonable  to  anticipate  that  they 
might,  at  least  in  a  certain  degree,  replace  each  other.  The  condition 
under  which  silica  is  reduced  by  iron  in  tho  presence  of  carbon  is  high 
temperature,  or  precisely  that  which  is  essential  to  the  formation  of 
graphitic  iron.  Accordingly,  it  is  in  this  variety  of  cast-iron  that 
tho  largest  amount  of  silicon  is  generally  found.  But  there  are 
cases,  as  wo  have  seen,  in  which  silicon  occurs  in  cast  iron  in 
unusually  largo  quantity,  exceeding  even  6%;  but  such  cases  are 
quite  exceptional.     Cast-iron  containing  4%  or  even  6%  of  silicon 


Eihc'iiliiittonkunilo,  I,  p.  583. 


Digitized  by  Google 


ACTION  OF  SULrnUR  ON  IKON  CONTAINING  CARBON.  131 


still  resembles  grey  iron  on  fracture.  It  has  long  been  observed,  and 
in  the  first  instance  by  Sefstriim,  that  the  carbon  in  grey  iron,  in 
which  much  silicon  exists,  say  from  2%  to  3%-  is  wholly,  or  nearly 
so,  in  the  graphitic  state.  Numerous  analyses  will  hereafter  be 
introduced  which  establish  this  point  beyond  question.  It  is  not, 
however,  to  be  hence  inferred  that  the  silicon  has  displaced  the 
carbon;  for  we  have  seen  that  during  the  solidification  of  charac- 
teristic grey  iron  the  carbon  may  separate  completely,  or  nearly  so, 
as  graphite. 

One  of  the  first  questions  which  obviously  suggests  itself  in  connec- 
tion with  this  subject,  is,  whether  silicon  may  separate,  like  graphite, 
during  the  solidification  of  grey  iron  containing  it.  The  late  Mr. 
Henry  informed  me  that  ho  had  obtained  certain  proof  that  it  does ; 
and  my  own  observations  since  have  led  me  to  the  same  conclusion. 

Actim  of  sulphur  on  iron  containing  carbon. — According  to  Karsten, 
sulphur  expels  carbon  from  iron  at  a  high  temperature.    \\  hen  iron 
containing  tho  maximum  of  carbon,  for  example,  spiegeleisen,  is  melted 
with  sulphur  in  a  covered  clay  crucible,  carbon  separates  and  collect* 
on  the  under  suiface  of  the  resulting  sulphide  of  iron  ;  it  is  soot-like, 
has  no  lustre,  burns  in  a  muffle  with  difficulty  yet  without  residue, 
and  was  regarded  by  Karsten  as  a  dull  variety  of  graphite.  When 
molten  cast-iron,  not  containing  the  maximum  of  carlnm,  is  poured 
upon  sulphur  of  which  the  quantity  is  not  sufficient  to  sulphurize  all 
the  iron,  under  the  layer  of  sulphide  of  iron  will  be  found  tho  residual 
cast-iron  richer  in  carbon  than  originally.    Thus  grey  iron,  containing 
3*312  Vo  of  uncombined,  and  0-0257-  of  combined  carbon,  and  0*020% 
of  sulphur,  yielded,  by  partial  conversion  into  sulphide,  white  iron 
with  mirror-like  cleavage  planes  which  contained  6*488  °/0  of  chemi- 
cally combined  carbon,  and  0-446°/o  of  sulphur;  it  was  covered  with 
i*  layer  of  sulphide  of  iron.7    By  the  addition  of  sulphur  to  molton 
cast- ii  on  the  carbon  in  ihe  unsulphurized  iron  increases  until  it  reaches 
the  maximum ;  and  on  the  further  addition  of  sulphur,  pulverulent 
Ctrbon  separates,  as  above  described.    There  is  one  point  about  this 
experiment  of  Karsten  which  is  very  remarkable,  and  deserves  parti- 
cular attention  :  it  is,  the  very  large  proportion  of  combined  carbon  in 
the  iron  after  the  treatment  by  sulphur.    In  tho  experiments  pre- 
viously recorded,  in  which  the  conditions  were  favourable  to  the  pro- 
duction of  cast-iron  containing  the  maximum  of  carbon,  this  element 
appeared  to  exist  in  the  solidified  iron  almost  wholly  as  graphite.  This 
fact,  awarding  to  my  experience,  cannot  bo  explained  by  assuming 
extreme  rapidity  of  cooling,  about  which  nothing  is  stated.  Tho 
question  which  naturally  suggests  itself  is,  whether  sulphur  in  certain 
proportions  has  the  power  of  causing  carbon  to  remain  in  tho  combined 
state  during  solidification  after  fusion  ? 

M.  Janoyer  published  a  paper  on  the  direct  action  of  sulphur  on  cast- 
iron,*  in  which  he  states  that  there  had  been  no  prior  announcement  in 
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any  metallurgical  work  concerning  "  the  mode  of  action  of  sulphur"  in 
cases  such  as  he  had  been  led  to  investigate.    This  statement  would 
seem  to  indicate  entire  ignorance  of  the  labours  of  his  predecessor, 
Karsten,  and  forgetfulness  on  the  part  of  the  Editors  of  the  Journal 
named  in  tho  reference  at  the  bottom  of  the  previous  page.  Janoyer 
melted  grey  iron  with  small  proportions  of  iron-pyrites,  and  satisfied  him- 
self that  there  was  a  loss  of  carbon,  duo  to  tho  formation  and  volatiliza- 
tion of  bisulphide  of  carbon.    Tho  grey  iron,  upon  which  he  operated, 
contained  0#09  %  of  sulphur.   In  one  experiment  this  iron  was  melted 
with  2  %,  and  in  another  with  1  %  °f  iron  pyrites.    "  When  fusion 
had  occurred,  the  crucible  was  uncovered ;  the  molten  mass  was  found 
to  be  very  liquid,  and  brilliant  globules,  more  intensely  white  than 
this  mass,  were  disengaged  between  the  sides  of  the  crucible  and  the 
metallic  button,  but  disappeared  in  contact  with  the  air,  causing  at 
this  point  a  very  notable  lowering  of  tho  temperature.    After  the  dis- 
engagement had  ceased,  the  metal  in  the  crucible  was  very  slowly 
cooled,  in  order  to  be  sure  that  its  whiteness  might  not  be  the  result 
of  cooling  too  quickly.     In  spite  of  this  precaution,  the  cast-iron, 
which  until  then  had  remained  tranquil  and  smooth  on  the  surface, 
split  actively  iu  all  directions  with  loud  decrepitation,  and  became 
covered  with  a  wrinkled  crust,  which  partially  separated  from  the 
metal  and  presented  in  all  respects  tho  characters  of  a  granular  cast- 
iron,  such  as  proceeds  from  incomplete  carburization  in  a  badly-work- 
ing furnace.    On  fracture,  the  metal  in  both  these  experiments  was 
white,  and  tho  whiteness  was  proportionate  to  the  iron-pyrites  em- 
ployed ;  it  was  excessively  hard,  and  could  not  be  touched  with  a  filo 
of  cast-steel."    That  from  the  first  experiment  contained  0*87%  of 
sulphur,  showing  a  loss  of  0*28%;  and  that  from  the  second  experi- 
ment contained  0-4f>%  of  sulphur,  showing  a  loss  of  0*16%.  No 
mention  is  made  of  the  separation  of  pulverulent  carbon,  and  the  expe- 
riments were  clearly  vitiated  by  uncovering  the  crucibles  and  exposing 
the  molten  contents  to  the  action  of  the  air. 

Janoyer  then  repeated  the  experiments  of  Berthier,  which  demon- 
strate that  there  is  no  loss  of  sulphur  when  clean  iron  filings  are 
melted  with  iron-pyrites.  11  In  order  to  avoid  slight  oxidation  by  the 
air  which  might  find  its  way  into  tho  crucible,"  says  Janoyer,  "I 
covered  it  with  a  piece  of  coke.  When  the  whole  mass  had  been 
heated  to  welding  whiteness,  I  uncovered  the  crucible  in  order  to  see 
if,  in  this  case,  as  in  that  of  melting  cast-iron  with  3%  of  iron-pyrites, 
there  was  disengagement  of  brilliant  globules.  I  saw  no  disengage- 
ment ;  the  mass  remained  tranquil ;  when  cold,  it  had  the  form  of  a 
compact,  thoroughly  welded  button  (tres  bien  sonde) ;  when  broken, 
one  perceived  here  and  there  sulphide  of  iron  of  a  tolerably  dark  brown- 
yellow  colour,  which  doubtless  was  only  the  protosulphide  dissemi- 
nated in  the  mass."  There  is  an  obvious  source  of  error  in  this  expe- 
riment, due  to  the  contact  of  the  coke.  This  first  trial  satisfied 
Janoyer  of  the  formation  of  bisulphide  of  carbon,  when  grey  iron  is 
melted  in  contact  with  iron  pyrites,  44  because  in  this  case  only,"  he 
states,  44 1  remarked  the  disengagement  of  brilliant  globules."  The 
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formation  of  bisulphide  of  carbon  may  be  very  probable  under  these 
conditions ;  but  it  is  not  established  upon  evidence  like  that  which 
appears  to  have  satisfied  Janoyer. 

Other  experiments  were  made  by  Janoyer  to  prove  that  white  iron 
is  formed  when  iron  ores,  such  as  brown  haematite,  are  reduced  in 
crucibles  in  admixture  with  iron  pyrites,  lime,  and  carbon  ;  and  that 
whiteness  is  caused  by  the  presence  of  sulphur  in  the  metal.  But 
ever}'  person  experienced  in  assaying  iron  ores  by  the  dry  way,  knew 
this  fact  perfectly  well.  Janoyer  found  that  in  the  blast -furnace  on 
the  large  scale,  when  the  ore  contained  a  sensible  quantity  of  pyrites, 
he  could  not  produce  good  grey  iron  by  increasing  the  proportion  of 
lime,  employed  as  a  flux,  to  the  maximum  that  could  be  used,  which 
he  ascertained  from  his  own  trials  to  be  expressed  by  54  °/0  of  lime  in 
the  slag,  the  alumina  amounting  to  lO^and  the  silica  to  ;!(i°/u.  The 
sulphur  in  the  cast-iron  was  found  to  diminish  in  proportion  to  the 
amount  of  lime  introduced  into  the  furnace,  ceteris  paribus :  but  it  was 
impossible  to  add  sufficient  lime  to  effect  complete  desulphurization 
of  the  iron,  and  at  the  same  time  produce  a  fusible  slag. 

Janoyer  in  part  attributes  the  formation  of  white  iron,  when  sulphur 
is  present,  to  the  diminished  temperature  of  the  furnace,  consequent 
on  the  production  and  volatilization  of  bisulphide  of  carbon,  by  which 
"a  very  great  quantity  of  heat  becomes  latent"  When  there  is  such 
an  adequate  ver*i  causa  at  hand  as  the  presence  of  sulphur  in  the  cast- 
iron,  we  may  well  be  satisfied  without  this  theory  about  latent  heat. 
Janoyer  is  a  little  puzzled  to  account  for  the  fact  of  the  absence  of 
bisulphide  of  carbon  from  the  gases  escaping  from  blast-furnaces;  but 
the  difficulty  vanishes  when  he  reflects  that  bisulphide  of  carbon 
cannot  exist  at  high  temperatures  in  contact  with  oxide  of  iron.  Con- 
sequently, as  its  vapour  ascends  in  the  furnace,  it  is  decomjMjsed  by 
the  oxide  of  iron  of  the  ore,  forming  sulphide  of  iron  and  carbonic 
oxide ;  and  so  the  sulphur  actually  passes  back  again  into  the  iron. 
The  notion  may  be  ingenious,  but  is  hardly  plausible.  Speculations 
with  reference  to  the  metallurgy  of  iron  abound,  but  we  are  now  in 
urgent  need  of  facts. 

The  following  experiments  on  the  action  of  sulphur  on  grey  iron 
have  been  made  in  my  laboratory  by  Mr.  Smith : — 

1.  3050  grains  of  grey  pig-iron  were  melted  in  a  clay  crucible  under 
plate-glass  with  95  grs.  of  sulphide  of  iron  containing  29*9%  °f 
sulphur.  The  iron  was  covered  with  black  glass,  and  between  the 
two  was  a  very  small  quantity  of  soot-like  matter.  Tho  fracturo  of 
the  metal  was  uneven,  minutely  granular,  and  dark  grey.  Supposing 
no  loss  of  sulphur  to  have  taken  place,  the  metal  should  have  contained 

0-97 

2.  The  experiment  was  repeated  with  8800  grs.  of  the  same  grey 
iron  and  870  of  the  same  sulphide.  The  crucible,  which  was  covered 
and  luted,  was  kept  at  white  heat  during  1 J  hour.  Between  the  layer 
of  glass  covering  the  lump  of  metal  and  the  latter  was  found  a  consi- 
derable quantity  of  more  or  less  pulverulent  and  loosely  aggregated 
black  matter,  which  had  much  the  colour,  lustre,  and  form  of  graphite. 
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The  crucible  was  perfectly  closed,  and  not  a  crack  was  visible  either 
in  it  or  the  cover,  so  that  nothing  could  have  nil  leu  in.  The  metal 
had  the  appearance  of  white  iron,  was  brittle,  .and  excessively  hard. 
The  centre  of  the  lump  was  more  or  less  hollow,  and  round  this  hollow 
there  were  distinct  skeleton-like  crystals.  The  fracture  was  uneven, 
and  somewhat  lamellar  in  structure.  The  metal  contained  0*78  8/0 
of  sulphur  ;  but,  if  no  loss   had  occurred,  should  have  contained 

2-08%. 

3.  Some  of  the  coarsely- pounded  white  iron  produced  in  Exp.  2  was 
mixed  with  a  large  excess  of  common  charcoal  powder,  and  exposed  in 
a  plumbago  crucible  during  1 J  hour  to  a  temperature  sufficient  to  melt 
wrought,  iron.  After  cooling,  tho  charcoal  in  excess  was  separated 
from  tho  shots  of  metal  by  washing  with  water.  On  fracture,  the 
metal  appeared  to  consist  of  small  rounded  particles  of  grey  iron 
enclosed  in  a  network  of  white  iron,  thus  producing  mottling.  The 
fracture  exactly  resembled  that  of  a  specimen  of  pig-iron  which  Mr.  0. 
Ekman  has  sent  me  from  Finspong,  which  is  known  to  contain  sulphur, 
and  is  regarded  as  very  suitable  for  ordnance.  The  greater  part  of 
tho  metal  was  remelted  under  charcoal  into  a  button.  The  fracture  of 
this  was  similar  to  that  just  described,  except  towards  the  upper  part, 
which  contained  numerous  bright  and  seemingly  graphitic  scales,  and 
the  white  network  was  more  attenuated,  or,  in  other  words,  the 
amount  of  metal  forming  this  network  appeared  less  abundant  than 
before  remclting.  The  product  of  tho  second  fusion  contained  0-34% 
of  sulphur.  Two  determinations  were  made,  one  giving  IKW70,  and 
tho  other  0-35%. 

4.  10,<;00  grs.  of  another  variety  of  grey  pig-iron  were  melted  during 
about  an  hour  in  a  clay  crucible  under  plate-glass,  with  327  grs.  of  the 
same  sulphide  of  iron  as  used  in  the  preceding  experiments.  A  con- 
siderable quantity  of  graphite-like  matter  was  interposed  between 
the  layer  of  black  glass  covering  the  metal  and  the  upper  surface  of 
tho  latter. 

The  metal  contained  0  001%  of  sulphur.  Two  determinations  were 
made  by  different  persons  ;  one  gave  0-004  %,  and  the  other  0-088. 
Supposing  no  loss  of  sulphur  to  have  occurred,  there  should  have  been 
0-903 70«  Hence,  0*8 15%  of  sulphur  escaped.  The  metal  was  pre- 
pared for  analysis  by  filing,  as  it  could  not  bo  pulverized. 

Tho  graphite-like  matter  was  digested  with  aqueous  hydrofluoric 
acid,  when  a  large  quantity  of  sulphuretted  hydrogen  was  evolved, 
and  hydrogen  also,  having  a  peculiar  odour,  which  could  be  perceived 
long  after  that  of  sulphuretted  hydrogen  had  ceased.  The  residue  was 
next  treated  with  a  mixture  of  hydrochloric  and  hydrofluoric  acids; 
well  washed,  and  boiled  with  solution  of  caustic  soda.  To  this 
solution  excess  of  hydrochloric  acid  was  added ;  it  became  turbid,  and 
yellowish  white,  exactly  as  is  the  case  when  sulphur  is  precipitated. 
Portions  of  slag-liko  matter,  which  remained  insoluble  in  the  acid 
solutions  above  employed,  were  finely  pounded,  and  again  treated  with 
tho  same  mixture  of  acids.  A  large  quantity  of  iron  was  dissolved 
out,  and  the  graphite-like  matter  loft  undissolved  was  added  to  that 

Digitized  by  Google 


ACTION  OF  Sl'LHIUK  OX  IRON  CONTAINING  CARBON.  135 


first  obtained.  It  was  very  bulky,  and  when  dry  weighed  14*0  grains. 
Still,  it  was  not  pure  ;  3-470  grs.  of  it  heated  in  a  muffle  on  platinum 
yielded  not  less  than  1*03  of  brown  residue.  This  was  digested  with 
hydrochloric  acid,  evaporated  to  dryness,  redigested  with  hydrochloric 
acid,  and  filtered.  The  residue,  which  weighed  0*182  gr.,  was  treated 
with  hydrofluoric  acid,  which  dissolved  only  very  little,  and  was 
afterwards  fused  with  carbonate  of  soda.  The  mass  was  treated  with 
hydrochloric  acid  in  the  usual  manner,  and  the  filtrate  contained  iron 
with  traces  of  alumina,  which,  weighed  as  sesquioxide,  amounted  to 
0*819  gr. ;  0-182  +  0*8 19  =  1*001  ;  so  -that  the  residue  left  by  inci- 
neration, which  weighed  1*03  gr.,  consisted  chiefly  of  sesquioxide  of 
iron. 

5.  1"»40  grs.  of  grey  pig-iron  (about  No.  2  in  grcyness)  were  melted 
in  a  clay  crucible  under  a  ping  of  charcoal  with  90  grs.  of  the  same 
sulphide  as  used  in  the  preceding  experiments.  Graphite-like  matter 
accumulated  on  the  top  of  the  button  of  metal,  which  was  white 
throughout  and  could  be  pulverized.  The  metal  contained  l*13°/0 
of  sulphur ;  but  if  there  had  been  no  loss,  it  should  have  contained 

6.  Grey  pig-iron  was  melted  in  a  clay  crucible  under  plate  glass  at 
the  highest  temperature  attainable  in  our  air-furnaces,  and  in  all 
respects  the  conditions  were  the  same  as  in  the  preceding  experi- 
ment*. The  fracture  was  dark  grey,  and  there  was  no  indication  of 
white  iron. 

In  the  succeeding  experiments,  which  were  made  in  my  laboratory 
by  Mr.  W.  Weston,  cast-iron  was  expressly  prepared  by  exposing  thin 
•sheet-iron  imbedded  in  chemically  pure  charcoal  to  a  very  high  tem- 
perature. The  metal  was  highly  graphitic,  and  contained  4-5 %  of 
carbon.  The  same  sulphide  of  iron  which  was  used  in  the  preceding 
experiments  was  employed  as  the  source  of  sulphur.  The  total  carbon 
was  determined  by  combustion  with  chromate  of  lead  in  a  current 
of  oxygen,  as  is  usual  in  ultimate  organic  analyses. 

7.  Sulphur  added,  4*378  °/c.  370  grs.  of  the  cast-iron  were  melted 
with  *>4*5  grs.  of  sulphide.  Whito  iron  was  produced,  but  without 
reparation  of  graphite.  The  metal  contained  2*12  /w  of  sulphur;  but, 
if  there  had  been  no  loss,  it  should  have  contained  4*378 '/</  The 
total  eaibon  amounted  to  3*17%. 

8.  Sulphur  added,  2*285%.  309  grs.  of  this  cast  iron  were  melted 
daring  about  half  an  hour  with  29  grs.  of  sulphide.  The  button  con- 
sisted of  very  crystalline  white  iron,  and  graph i to  had  separated;  the 
loss  was  3-4  grs.  The  metal  contained  H»8"/0  of  sulphur;  but,  if 
there  had  been  no  loss,  it  should  have  contained  2*285 °/c.  The  total 
carbon  amounted  to  3*9 %»  Mid  of  this  1*44  consisted  of  graphitic 
carbon,  as  determined  byT  an  analysis  with  hydrochloric  and  hydro- 
fluoric acids,  etc.    Consequently,  the  combined  carbon  was  2*4«>°/0. 

9.  Sulphur  added,  1*248%.  41  j  grs.  of  the  oast-iron  were  melted 
with  18  grs.  of  sulphide.  White  iron  was  produced  with  the  sepa- 
ration of  graphite;  the  loss  was  1  gr.  The  metal  contained  1*313% 
of  sulphur;  but  it  should  have  contained  1*243  70;  so  that  there  is  a 
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slight  excess,  which  proves  that  there  must  have  been  an  eiTor  in  the 
determination.    The  total  carbon  amounted  to  3*6  %• 

10.  Sulphur  added,  0-696%-  302  g1"8-  °f  *no  cast-iron  were  melted 
with  7  2  of  sulphide  ;  some  graphite  separated.  The  metal,  however, 
was  not  white,  but  grey,  with  a  network  of  white,  as  previously  de- 
scribed. It  contained  0  72 %  of  sulphur;  but,  if  there  had  been  no 
loss,  it  should  have  contained  0*696  %•    Carbon  not  determined. 

For  the  sake  of  convenience,  Weston's  results  are  presented  in  the 
following  tabular  form  : — 


iVrcentage  of  carbon  and  sulphur. 


Before  expert-      After  expert-        L»»s  in  the 
mem.  nieni.  experiment. 


Curium.  Sulphur.  Carton.  Sulphur.  Carbon.  Sulphur 


7 
M 
0 


3  Ml 

4  164 
4313 


.  Carl 


10  4- 


4'37»  3' 170  2M30  1  0670 
2  235  3-9«W>«  16  m)  0'UI 
1-243     3-6U0  !  l'313(?)  0'7  13 

0  696  detem,    °  720  de'term. 


2  25* 
0  655 


Relation  between 
carbon  ami  i»ul- 
pluir  in  the 


Quality  of  the  iron 


Carbon.  Sulphur 
6  20-22,  or  C*:S* 


While,  no  graphite. 
6  W M,  or  C*  S>     While,  graphite  «-parat«^. 

IK).  do. 

Mottled.  do. 


•  Of  this  1*46  was  graphite. 

In  No.  8,  2-46  of  combined  carbon  :  1*68  of  sulphur  :  :  6  :  4,  i.e.,  in 
the  ratio  C*  :  S  ;  and  1-44  of  graphitic  carbon  :  1-68  of  sulphur  :  :  6  :  7, 
i.e.,  as  C8  :  S",  nearly.  Hence,  these  experiments  do  not  indicate 
the  formation  and  volatilization  of  bisulphide  of  carbon  (CS*) ;  yet  it 
is  far  from  my  intention  to  suggest  that  such  a  small  number  of  results 
should  be  received  as  conclusive  evidence.  That  there  is  loss  of 
sulphur  due  to  the  action  of  carbon  is  certain,  if  these  experiments 
be,  as  1  believe  them  to  be,  correct.  Yet  the  contrary  is  main- 
tained by  Karsten,  who  thus  writes :  *«  According  to  my  repeated 
experiments,  sulphide  of  iron  with  the  minimum  of  sulphur  remains 
perfectly  unchanged  when  kept  with  carbon  at  the  strongest  white 
heat  during  an  hour ;  but  it  takes  up  some  carbon,  and  becomes 
thereby  brittle."0  On  the  other  hand,  Fournet,  whom  Karsten  quotes, 
asserts  that  sulphide  of  iron  is  decomposed  in  the  presence  of  charcoal, 
when  long  enough  exposed  to  a  high  temperature,  and  that  the  iron 
combines  with  carbon,  forming  cast-iron,  which  separates  pretty  com- 
pletely when  in  sufficient  quantity.1  So  tho  matter  must  rest  until 
further  experiments  determine  on  which  side  lies  tho  truth.  One 
point  of  interest  in  Weston's  results  is,  that  when  the  sulphur  in  cast- 
iron  amounts  to  about  2f  %,  the  coexistence  of  graphite  is  impossible, 
and  the  metal  is  necessarily  white.  How  much  smaller  proportion  of 
sulphur  may  produce  this  effect  has  yet  to  bo  ascertained. 

According  to  recent  experiments  by  Caron,  metallic  manganese  by 
simple  fusion  with  cast-iron  deprives  the  latter  in  great  measure  of 
sulphur.8  Cast-iron  as  pure  as  possible  was  directly  prepared  by- 
melting  iron  of  a  very  good  quality  with  wood-charcoal.    This  was 


,J  Eisenhtittenkundc,  i,  p.  42!> 

1  Ann.  dec  Minca,  it.  ».  4,  p.  '244.  l&Mi. 


-  Comptcs  Rend.  56,  p.  828.  AvrU. 
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fused  with  sulphide  of  iron  in  such  proportion  that  tho  product  con- 
tained l*157c  °f  sulphur.  Two  equal  quantities  of  this  cast-iron  were 
placed  in  two  crucibles,  one  without  the  addition  of  anything,  and  the 
other  with  B°/0  of  so-called  metallic  manganese,  which  on  analysis 
was  found  to  contain  5  5%  °f  carbon,  0  5%  silicium,  and  10%  of 
iron.  The  metal  was  kept  in  a  molten  state  during  an  hour  and  then 
poured  out,  during  which  some  oxidation  due  to  the  access  of  atmo- 
spheric oxygen  must  have  taken  place.  Caron  records  his  results  as 
follows : 

Fur  100  of  < 


Sulphur.  Mi 

Sulphurized  cast-iron  (A)    115 

No.  1.     Jo.     fin.     reraelted  alone   114 

Nr..  2.     »K     do.      reraelted  with  G  /,  of  mangnuese   115      3  92 

No.  1.    Second  fusion  without  addition.:   1-05 

N..2.  do,  do   0  10      2  81 

No.  L   Third  fusion  without  addition    0  90 

No.  2.  do.  do.    0  08       1  73 

A ,  reraelted  with  10%  of  tsesquioxide  of  iron   1  08 

i  A)  rvmelted  with  10%  of  w^quioxide  of  iron  and  tf7cof  nuuigiineae  0  07       1  22 

Hence,  by  simple  fusion  in  a  crucible  with  access  of  air,  manganese 
abstracts  from  cast-iron  more  than  0-7  of  tho  sulphur  which  it  contains. 
After  remeltingthe  fused  products  with  a  fresh  dose  of  manganese,  only 
traces  of  sulphur  remained.    It  would  appear  that  the  manganese  acts 
as  a  medium  through  which  the  sulphur  is  oxidized  and  eliminated  in 
the  state  of  sulphurous  acid.    Caron,  however,  concludes  that  without 
any  such  oxidizing  action,  sulphur  disappears  from  cast-iron  in  tho 
presence  of  manganese ;  but  this  conclusion  seems  hardly  justified  by 
the  data  from  which  it  is  drawn.    I  think  it  would  be  difficult,  under 
the  conditions  described  by  Caron,  to  keep  the  alloy  of  cast-iron  and 
manganese  melted  during  an  hour  without  oxidation.    In  favour  of 
his  view  concerning  the  desulphurizing  action  of  manganese,  Caron 
cites  the  fact  that  certain  iron  ores,  impregnated  with  copper  pyrites, 
yield  pig-iron  free  from  sulphur,  because  they  are  highly  manga- 
nesiferous.    These  ores,  however,  are  very  carefully  calcined  pre- 
viously to  smelting,  whereby  most  of  the  sulphur  is  expelled ;  and  if 
the  presence  of  manganese  were  really  the  cause  of  tho  absence  of 
sulphur  from  the  pig-iron,  its  action  must  he  entirely  different  in  tho 
blast-furnace  froni  what  is  ascribed  to  it  in  the  foregoing  experiments, 
and  may,  probably,  be  explained  by  the  observation  of  Mr.  Parry 
before  recorded. 

0a  tlte  action  of  phosphorus  on  iron  containing  carbon  and  sulphur.—' 
Janoyer  has  sought  to  establish,  by  the  following  experiments,  that 
phosphorus  expels  a  portion  of  sulphur  from  iron  containing  carbon  ;* — 

1.  3*™  o  of  fine  very  graphitic  pig-iron  was  melted  in  an  unbras- 
qued  clay  crucible  with  0*""  14  of  iron-pyrites.  A  well-melted  button 
of  perfectly  white  iron  was  obtained.  It  bent  tolerably  well  under  tho 
hammer,  although  he  describes  it  as  consisting  "  only  of  filamentous 
crystallizations  of  protosulphide  of  iron  (ce  n'etait  qu'un  amas  de  cris- 

J  Ann.  dee  Mines,  o.  s.  0,  p.  15s.  1854. 
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tallisations  filamenteuscs  de  protosulfure  de  fer).M  It  had  a  dull 
aspect,  was  difficultly  pulverizable  in  a  mortar,  and  Battened  into 
small  scales.  Certain  parts  of  it  especially  were  very  ductile ;  and 
these  he  regarded  as  iron  in  a  free  state  which  had  been  mechanically 
mixed  with  protosulphido.    It  contained  17140/o  of  sulphur. 

2.  3*rm-    of  the  same  pig-iron  was  melted  in  a  similar  manner  with 
0*n»-14  0f  iron-pyrites,  0"'"5- 14  of  calcined  bones,  and  0^09  of  white 
refractory  clay.    A  well-melted  button  of  perfectly  white  in»n  was 
obtained.    It  was  very  brittle,  easily  pulverizable  by  trituration  in  a 
mortar,  and  did  not  bend  in  the  least  under  the  hammer.    Under  a 
lens  it  was  easy  to  distinguish  portions  "  with  sulphureous  crystalli- 
zations placed  at  right  angles,  and  crystalline  portions  with  very 
bright  facets."     It  contained  1*486%  of  sulphur,  i.e.,  0-228%  less 
than  the  button  in  the  first  experiment.    Janoyer  attributes  this  loss 
of  sulphur  to  the  action  of  carbon,  and  supposes  that  it  escapes  in  the 
state  of  bisulphide  of  carbon.    He  explains  on  this  principle,  how  the 
introduction  into  the  blast-furnace  of  ore  containing  a  sensible  amount 
of  phosphorus  may  tend  to  counteract  red  shortness  due  to  sulphur  in 
the  pig-iron,  which  otherwise  might  be  produced  ;  or,  in  other  words, 
sulphur  is  eliminated  in  a  greater  or  less  degree  from  iron  by  the 
action  of  carbon.    He  records  the  results  of  his  experience  in  the 
smelting  of  iron,  and  states,  that  by  the  addition  of  oolitic  ore,  con- 
taining not  more  than  0*2  %  °f  phosphoric  acid,  in  the  proportion  of 
010(1  of  phosphorus  to  240  0  of  the  pig-iron  made,  he  obtained  pig-iron 
which  yielded  bar-iron  practically  free  from  red-shortness;  whereas, 
without  this  addition,  the  pig-iron,  though  produced  from  a  fine 
quality  of  red  luematite  free  both  from  sulphur  and  phosphorus,  always 
yielded  red  short  bar-iron.    Ho  satisfied  himself  that  the  red-shortness 
was  not  caused  in  the  subsequent  processes  of  manufacture,  as  the  pig- 
iron  made  without  and  with  the  addition  of  phosphoric  ore  was  con- 
verted into  bar-iron  in  exactly  the  same  way  and  with  the  same  fuel. 
Moreover,  the  smelting  was  conducted  under  tho  same  conditions, 
with  tho  single  exception  that  in  one  case  phosphoric  ore  was  used, 
but  not  in  sufficient  quantity  to  occasion  cold-shortness. 

Other  experiments  were  made  by  Janoyer,  which  demonstrated  that 
sulphur  expels  no  phosphorus  from  iron  in  the  presence  of  carbon. 

1.  5  grammes  of  grey  pig-iron  were  melted  with  0*^20  of  iron- 
pvrites,  0*™  20  of  calcined  bones,  and  08""-  20  of  clay. 

2.  T>  grammes  of  the  same  pig-iron  were  melted  with  0*""  20  of  cal- 
cined bones,  and  0Rr,n-  20  of  clay. 

The  button  in  each  case  contained  tho  same  proportion  of  phos- 
phorus. 

Janoyer  in  recommending  phosphoric  ores  with  a  view  to  counter- 
act red  shortness  very  wisely  enjoins  moderation  in  their  use.  The 
following  passages  in  Janoyer's  paper  on  ihis  subject  require  comment. 
"  It  has  been  remarked,  in  ignorance  of  the  true  cause,  that  crystallino 
irons  (fers  a  facettes),  though  brittle  while  cold,  may  be  very  easily 
forged."  If  1  do  not  greatly  err,  metallurgists  were  acquainted  both 
with  the  fact  and  the  explanation  long  before  the  date  of  the  paper  in 
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question;  and  they  were  also  aware  "that  traces  of  sulphur  suffice  to 
communicate  injurious  properties  to  iron,  and  to  render  it  red-short." 
Neither  were  they  ignorant  *'  that  the  passage  of  6ulphur  into  iron  in 
general  chiefly  takes  place  during  fusion  of  the  ore  in  contact  with 
mineral  fuel  in  the  blast -furnace,  and  that,  consequently,  it  is  in  this 
Operation  they  should  try  to  prevent  the  evil." 

Caion  ascertained  that  manganese  has  no  power  of  eliminating 
phosphorus  from  cast-iron,  as  it  has  with  respect  to  sulphur.  lie  made 
a  series  of  experiments  upon  phosphorized  iron  exactly  similar  to  those 
recorded  upon  sulphurized  cast  iron.* 

SjM'jtkiiXH  lietited  with  silica. — The  following  experiment  has  been 
made  in  my  laboratory  by  Mr.  Hochstiitter.  Of  characteristic  German 
fcpiegeleisen,  containing  5*39  °/0  of  manganese  and  0*37%  of  silicon, 
1500  grains  in  powder  were  mixed  with  300  grains  of  fine  white  sand. 
The  mixture  was  kept  at  a  white  heat  during  about  1  hour  in  a 
covered  clay  crucible  contained  within  another.  The  product  was 
well  melted,  and  weighed  1400  grains.  It  was  covered  with  a  little 
well  melted  slag.  It  was  very  slightly  malleable.  Its  fiacture  was 
peculiar,  and  it  is  difficult  to  give  an  accurate  notion  of  it  by  descrip- 
tion. It  was  what  may  be  termed  fibro-columnar.  It  was  very  dark- 
grey,  and,  with  the  exception  of  brilliant  points  here  and  there,  was 
dull  and  non  metallic  in  lustre;  but  on  burnishing  it  immediately 
appeared  bright  and  metallic.  On  reinelting  a  piece  of  this  metal 
under  charcoal  in  a  covered  clay  crucible,  the  product  was  unchanged 
in  external  aspect,  except  that  it  was  no  longer  columnar.  After  long 
digestion  in  strong  hydrochloric  acid,  a  light,  bulky,  black  residue  was 
left,  which  consisted  of  carbonaceous  and  siliceous  matter.  This 
residue  was  lx»iled  with  a  .solution  of  caustic  potash,  when  a  colourless 
solution  was  produced,  thus  showing  that  no  carbonaceous  matter  had 
been  dissolved;  and  there  was  an  insoluble  black  light  residue,  which 
was  washed  and  dried  at  100° C.  From  the  weight  found,  it  was  cal- 
culated that  the  total  amount  in  the  original  lump  of  metal  was  7-0%. 
The  first  product  was  composed  as  follows : 

(imphito    l-ol 

Silicm    '2  <U 

MttiiguucHC    0  i»D 

Inm,  by  lor*   94*49 

100- 00 

There  may,  possibly,  have  been  present  a  little  combined  carbon, 
evolved  along  with  the  hydrogen  by  the  action  of  hydrochloric  acid  ; 
hut  if  the  carbon  in  this  state  had  been  consideiable,  the  solution  in 
f>otash  would  have  had  a  brown  colour.  Hence,  it  may  be  inferred 
that  by  the  action  of  silica  on  spiogelcisen  at  a  high  temperature,  the 
manganese  is  for  the  most  part  converted  into  protoxide,  which  com- 
bines with  silica  to  form  slag,  and  that  most  of  the  carbon  is  separated 
in  the  form  of  graphite,  being  replaced  by  silicon. 


4  Op.  cit. 


Digitized  by  Google 


140 


IRON  AND  CARBON. 


On  the  action  of  copper  on  iron  and  manganese  containing  combined  carbon, 
— The  following  experiments  were  made  in  my  laboratory  by  Mr. 
Kichardson.  Electrot}'pe  copper  and  a  fine  and  characteristic  quality 
of  spiegeleisen,  containing  8  %  of  manganese,  were  operated  on. 

1.  Weights  employed.   Spiegeleisen  704*2  grains. 

Copper        342-6  do. 

These  were  placed  in  a  small  clay  crucible,  enclosed  in  one  of  plum- 
bago, each  having  a  well  luted  cover,  and  exposed  to  a  high  tempera- 
ture during  lj  hour.  The  product  had  been  well  melted,  and  pre- 
sented the  following  characters  : — 

A  core  of  apparently  unchanged  spiegeleisen  ;  an  external  layer 
about  ^  in.  thick,  resembling  grey  iron.  Near  the  foot  of  the  unchanged 
spiegeleisen  were  several  small  spots  of  tho  same  substance ;  and  a 
very  pale  coloured  copper,  a  thin  layer  of  which  extended  over  the 
surface. 

In  a  cavity  on  one  side  of  the  button  some  graphite  had  separated. 
After  removing  this  the  lump  of  metal  was  weighed,  and  the  loss 
found  to  amount  to  5*8  grains.  The  coppery  part  of  the  lump  con- 
tained 2  *  82  %  of  manganese,  and  4  •  87  %  of  iron. 

The  core  of  apparently  unchanged  spiegeleisen  presented  no  visible 
trace  of  copper  on  tho  fractured  surface,  but  contained  2*50  °/Q  of 
copper. 

2.  Weights  employed.    Spiegeleisen  500  grains. 

Copper        500  do. 

Fusion  was  effected  as  in  tho  first  experiment  The  product  had 
been  well  melted,  and  presented  the  samo  characters  as  that  of  No.  1, 
except  that  its  surface  was  covered  with  graphite.  After  the  removal 
of  this  tho  lump  was  weighed,  and  the  loss  found  to  amount  to  3*4 
grains.  The  coppery  part  of  tho  lump  contained  1  -16%  of  manganeso 
and  a -67%  of  iron. 

3.  Weights  employed.    Bpiegeleisen  334-00  grains. 

Copper         006-45  do. 

Fusion  was  effected,  and  the  lump  of  metal  presented  almost  the  samo 
characters  as  in  the  previous  experiments.  A  small  quantity  of  gra- 
phite had  separated  on  the  surface.  After  the  removal  of  this  the  loss 
in  weight  amounted  to  2*35. 

In  Experiments  2  and  3  the  proportion  of  copper  in  the  residual 
spiegeleisen  could  not  be  determined  on  account  of  the  impossibility  of 
freeing  it  from  mechanically  mixed  copper. 

Tho  results  may  thus  be  concisely  stated :  Spiogeleisen  containing 
8%  °f  manganese  by  fusion  with  half  its  weight  of  copper  lost 
1  •  16°/q  °f  manganese ;  and  by  fusion  with  an  equal  wreight  of  copper 
it  lost  1  -34%-    Tho  separation  of  graphite  is  an  interesting  fact 

On  the  abstraction  of  silicon  from  cant-iron  by  fusion  with  sesquioxide  of  iron 
nhne,  and  with  the  addition  of  manganese. — Tho  following  experiments 
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have  been  made  by  Caron.*  Cast-iron  containing  0-997o  of  silicon  was 
operated  upon. 


SfsqnioxkJe  of    ifjf-iti  m.ncrm.„         Silicon  in  v 
Iron,  manganese.       the  product. 


lsttualon i    b  10  6  0  37 


2-52 

\    6  10  none  0-18       1  07 


It  would  thus  appear  that  in  the  presence  of  manganese,  scsquioxide 
of  iron  has  the  power  of  separating  silicon  from  cast-iron,  silicate  of 
protoxide  of  manganese  being  formed. 

On  the  fusion  of  cast-iron  containing  sulphur  with  cast-iron  containing  phos- 
phorus, without  and  with  the  addition  of  manganese. — Experiments  have  also 
been  made  by  Caron  on  this  subject.'  He  prepared  expressly  two 
specimens  of  cast-iron,  of  which  one  contained  1*04%  of  sulphur,  and 
the  other  0  85%  of  phosphorus.  Equal  weights  of  each  were  melted 
together  and  ponred  into  ingot-moulds.  The  product  contained  0-51  °/ 
of  sulphur,  and  0  42%  of  phosphorus.  The  product,  after  having 
been  remelted  with  the  addition  of  sesquioxide  of  iron,  contained 
0-40%  of  sulphur,  and  0*40%  of  phosphorus.  It  was  again  remelted 
with  the  addition  of  6%  of  metallic  manganese,  when  it  retained  only 
0*15%  of  sulphur,  and  0*39  %  of  phosphorus.  Hence,  Caron  concludes 
that  by  simply  melting  together  cast>irons  containing  sulphur  and 
phosphorus,  tbere  is  no  diminution  in  the  proportion  of  these  ele- 
ments. 

Carbonate  cf  protoxide  of  iron.    FeO,  CO*. — This  salt  occurs  abun- 
dantly in  nature,  and  is  found  in  geological  formations  of  nearly 
even-  age.    It  is  one  of  the  most  important  ores  of  iron,  and  should 
therefore  be  particularly  studied  by  the  metallurgist.    It  crystallizes, 
like  calc-spar,  in  the  rhombohedral  system,  and  then  constitutes  the 
mineral  species  termed  sparry  or  spathic  iron*ore,  which  always  con- 
tains carbonate  of  protoxide  of  manganese,  and  generally  also  car- 
bonate of  lime  and  magnesia.    It  is  met  with  in  crystals  moro  or  loss 
translucent,  having  a  vitreous  lustre  inclining  to  pearly,  and  a  yel- 
lowish-white colour ;  but  most  frequently  it  is  brown,  owing  to  partial 
decomposition  by  weathering  action,  hydrated  sesquioxido  of  iron 
being  formed,  and  an  equivalent  proportion  of  carbonic  acid  evolved. 
The  specific  gravity  of  the  native  crystallized  varieties  ranges  from 
3-70  to  3*92.    The  native  salt,  whether  crystallized  or  amorphous,  is 
anhydrous.    Senarmont  obtained  this  salt  as  a  crystalline  greyish- 
wbite  sand,  which  was  hardly  attacked  by  dilute  acids,  remained 
nearly  unchanged  in  dry  air,  and  very  slowly  acquired  a  pale-brown 
oolonr  in  moist  air.    It  was  made  by  exposing  a  mixture  of  sulphate  of 
protoxide  of  iron  and  carbonate  of  soda,  or  of  protochloride  of  iron  and  car- 
bonate of  lime,  in  hermetically-sealed  glass  tubes,  to  high  temperatures, 
the  former  to  a  temperature  of  150°  C.  or  beyond,  and  the  latter  to 


1  Op.  cit  8  Comptos  RrnduB,  1863.    f>fi,  p.  1017. 
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temperatures  between  1.10°  C.  and  200°  C,  during  from  12  to  3G  hours/ 
The  salt  was  darker  in  colour,  and  more  permanent  in  the  air,  tho 
higher  and  the  longer  the  duration  of  the  temperature  employed.  Tho 
form  of  the  crystalline  grains  was  distinctly  rhombohedral.  The  crys- 
tallized salt  dissolves  but  slowly  in  dilute  hydrochloric  acid.  The 
addition  of  carbonate  or  bicarbonate  of  potash  or  soda  to  a  solution  of 
a  protosalt  of  iron,  such  as  the  protochlorido  or  sulphate  of  protoxide, 
causes  a  bulky  white  precipitate  of  hydrated  basic  carbonate  of  prot- 
oxide of  iron,  which  rapidly  absorbs  oxygen  from  the  air,  becoming 
first  green  and  afterwards  brown.  It  is  completely  and  pretty  quickly 
converted,  by  exposure  to  the  air,  into  hydrated  sesquioxide.  In  order 
to  prepare  it  artificially,  the  greatest  precautions  must  be  taken  to 
exclude  air  at  every  step  of  the  process.  Tho  solution  of  the  alkaline 
precipitant  should  be  well  boiled,  and  that  of  the  salt  of  iron  should  be 
perfectly  free  from  any  persalt;  and  the  washing  and  desiccation  should 
t)e  effected  in  an  atmosphere  of  carbonic  acid.  Thus  prepared  it  is  a 
greenish- white  or  dark -green  powder  containing  water  and  from  24°/Q 
to  'A°/0  of  carbonic  acid.8  Carbonate  of  protoxide  of  iron  is  slightly- 
soluble  in  water,  and  more  so  by  the  aid  of  carbonic  acid  ;  and  it  occurs 
thus  dissolved  in  chalybeate  waters,  which  in  contact  with  tho  air  let 
fall  a  brown  precipitate  of  hydrated  sesquioxide  of  iron,  owing  to  the 
decomposition  of  the  carbonate  in  tho  manner  previously  explained. 
Iron  dissolves,  without  access  of  air,  in  water  impregnated  with  car- 
bonic acid,  when  carbonate  of  protoxide  is  formed,  which  remains,  in  a 
greater  or  less  degree,  in  solution.  Water  is  decomposed,  hydrogen 
evolved,  and  tho  reaction  is  exactly  analogous  to  that  of  dilute  sul- 
phuric acid  on  iron.  The  action  of  heat  upon  solid  anhydrous  carbonato 
of  protoxide  of  iron  should  be  noted.  When  heated  to  redness  in  a 
close  vessel,  carbonic  oxide  as  well  as  carbonic  acid  is  given  off,  and 
the  residue  is  magnetic.  It  is  stated  that  tho  volumes  of  these  gases 
are  in  tho  ratio  of  1  :  5,  and  that  the  composition  of  the  residual  oxide 
is  represented  by  the  formula  4FeO,  Fe*0".  Iljdrate  of  potash,  aided 
by  a  pretty  strong  heat,  abstracts  carbonic  acid  from  carbonate  of 
protoxido  of  iron  ;  carbonate  of  potash,  magnetic  oxide  of  iron,  and 
carbonic  oxido  are  formed,  which  escapes.9 

Carlwiaie  of  sesquioxide  of  iwn.  Fe'O3,  C0*4-aq. — Tin's  compound, 
which  was  formerly  not  believed  to  exist,  lias  been  recently  investi- 
gated by  several  observers.  Tho  most  conclusive  experiments  on  the 
subject  appear  to  bo  those  of  Dr.  Parkman.1  He  prepared  it  by  tho 
addition  of  carbonate  of  soda  in  slight  excess  to  a  solution  of  pure 
crystallized  iron-pota.sh-alum  at  the  ordinary  temperature.  The  pre- 
cipitate was  not  washed  or  dried,  but  simply  pressed  between  folds  of 
porous  paper,  under  a  heavy  weight,  for  about  12  hours;  and  while 
still  moist  introduced  into  a  bulbed  tube  of  hard  glass,  and  the  whole 
weighed.    It  was  then  ignited  in  a  slow  stream  of  dry  air,  and  the 


'  Ann.  «lo  Chim.  et  do  Plivs.  3.  s.  3J>, 
p.  IS5.  1850. 
»  Gmelin,  Handb.  S,  p.  221. 
«  Ciluaaon,!,.  u.  K.  .lahrosb.  1S47-1K4S. 
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water  caught  by  a  weighed  chloride  of  calcium  tube.  The  carbonic 
acid  was  estimated  by  loss.  It  was  therefore  only  the  relation  be- 
tween the  acid  and  base  that  was  ascertained.  Three  specimens  were 
thus  analysed,  and  in  one  instance  twice,  and  the  results  closely  agree. 
The  calculated  percentage  is  Fc'O"  78-4:*,  and  CO*  21-57;  and  tho 
mean  percentage  of  four  analyses  was  FeaO*  70-74,  and  CO*  20-20. 
This  carbonate  is  decomposed  by  washing  with  water,  by  drying  in 
vacuo  over  sulphuric  acid,  and  on  standing. 

Iron  and  Hyorogen. 

A  compound  of  iron  and  hydrogen  has  been  described  by  Wanklyn 
and  L.  Carius.*  It  is  prepared  by  the  action  of  protoiodide  of  iron  on 
zinc-ethyle,  the  other  products  being  iodide  of  zinc  and  ethylene  gas. 
The  following  formula  expresses  the  reaction 

Fe-*1'  +  Zn2(C»HV  =  Zu*I*  +  FeW  +  2  C*H«). 

It  is  described  as  a  black  powder  resembling  metallic  iron,  which 
evolves  pure  hydiogoji  when  gently  heated.  Protected  from  moisture, 
it  may  be  kept  without  change ;  but  on  tho  addition  of  water  pure 
hydrogen  is  immediately  disengaged,  and  protoxide  of  iron  formed. 
Hydrochloric  acid  decomposes  it,  with  the  liberation  of  hydrogen  and 
the  production  of  protochloride  of  iron.  Its  composition  has  not  been 
satisfactorily  determined. 

The  Action  ok  Dilute  Sulphuric,  or  Hydrochloric  Acid,  ox 

Cast-iron. 

White  cast-iron. — When  this  variety  of  cast-iron  is  subjected  to  the 
solvent  action  of  dilute  sulphuric,  or  hydrochloric  acid,  fetid  hydrogen 
is  evolved,  and  a  light  insoluble  residue,  which  is  dark-brown  while 
moist  and  light-brown  when  dry,  is  obtained.  Tho  products  of  this 
action  have  not  yet  been  investigated,  although  they  present,  a  pro- 
mising field  of  research,  especially  for  the  so-called  organic  chemists. 

The  peculiar  odour  of  tho  hydrogen  has  been  supposed  mainly  to 
depend  upon  the  presence  of  a  hydrocarbon.  I  have  made  a  few 
experiments  on  the  subject,  which  I  will  hero  record  in  tho  hope 
of  inducing  some  chemist  to  prosecute  the  enquiry  as  it  deserves. 
Schrotter  found  that  on  passing  the  hydrogen  through  sulphuric  acid, 
a  dark-brown  oily  substance  was  retained,  of  which,  I  believe,  he  never 
procured  raoro  than  a  few  drops.  I  have  prepared  an  ounce  or  two  of 
this  substance  according  to  Schrotter's  method  by  the  action  of  dilute 
sulphuric  acid  on  spiegeleisen,  applying  when  necessary  gentle  heat. 
The  operation  was  continued  during  many  days,  and  in  all  1  dissolved 
about  12  lbs.  of  spiegeleisen.  Tho  sulphuric  acid  became  brown,  and 
exhibited  the  same  optical  appearance  as  an  aqueous  solution  of  di- 
sulphate  of  quinine  or  of  chestnut  bark;  it  liad  a  strong  and  charac- 
teristic odour,  much  resembling  that  of  petroleum.    In  tho  course  of  a 

2  Ann.  dc  Chim.  ot  de  Fhya.  3.  ».  <M,  p.  483.  18»»2. 
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few  days  after  the  passing  of  the  gas  an  oil-like  liquid  of  a  light- 
brown  colour  separated  and  appeared  on  the  surface  of  the  acid. 
AVhen  the  acid  appeared  to  be  saturated  it  was  poured  off,  and  re- 
placed by  fresh  acid.  A  considerable  quantity  of  this  oil  was  prepared 
and  kept  by  itself.  The  brown  acid  from  time  to  time  was  gradually 
poured  into  a  large  volume  of  cold  water  in  a  beaker  surrounded  by 
cold  water.  A  muddy  light-brown  liquid  was  formed,  which,  after 
standing  for  about  1 2  hours,  became  clear,  a  stratum  of  dark-coloured 
oil  collecting  on  the  surface,  and  the  acid  liquor  underneath  having  a 
deep  brownish  pink-red  colour.  This  liquor  was  drawn  off  hy  a 
syphon,  and  the  supernatant  oil  collected,  and  so  the  process  was 
conducted. 

The  oil. — When  seen  in  small  quantity,  its  colour  is  dark-greenish 
brown.  Its  odour  somewhat  resembles  that  of  petroleum  ;  and  it  also 
evolves  the  odour  of  sulphurous  acid,  which  it  loses  by  the  addition  of 
carbonate  of  soda.  It  bums  with  a  luminous  smoky  flame.  It  imme- 
diately dissolves  in  cold  ether,  forming  a  dark -brown  solution;  but 
it  does  not  sensibly  dissolve  in  cold  alcohol.  Some  light-brown 
flocculent  matter,  possibly  a  product  of  oxidation,Vas  diffused  through 
the  oil,  as,  in  the  process  of  collecting  the  oil,  the  air  had  free  access. 
A  few  drops  of  the  oil  on  glass  having  been  left  exposed  to  ihe 
air,  became  sticky  and  apparently  resinoid. 

In  addition  to  the  light-brown  oil  a  considerable  quantity  of  a  thick 
black  oil  is  produced,  from  which,  by  the  addition  of  sulphuric  acid, 
nearly  colourless  oil  comes  to  the  surface  on  standing.  The  dark  oil 
bums  with  a  smoky  flamo. 

The  light  oil  being  mixed  with  a  little  carbonate  of  soda  was  sub- 
jected to  fractional  distillation  in  a  current  of  carbonic  acid,  and 
several  limpid  and  colourless  products,  having  boiling  points  ranging 
from  200°  C.  to  270°  and  upwards,  were  obtained.  These  products  had 
peculiar  odours.  That  which  passed  over  last  was  analysed  by  Mr. 
Tookey,  and  found  to  bo  isomeric  with  olefiant  gas.  It  is  probable 
that  the  hydrocarbon  or  hydrocarbons  generated  from  the  spiegeleisen 
may  have  been  decomposed  by  the  action  of  the  sulphuric  acid.  A 
portion  was  not  distilled  over,  and  this  was  pale  yellow,  and  oily  in 
consistency,  resembling  olive  oil  in  appearance. 

I  passed  the  gas  through  absolute  alcohol,  which  acquired  an 
offensive  odour  like  that  of  the  gas,  but  no  sensible  amount  of  oil  was 
retained.  I  also  passed  the  gas  through  a  glass  tube  surrounded  with 
a  mixture  of  pounded  ice  and  dilute  sulphuric  acid  without  succeeding 
in  condensing  any  sensible  quantity. 

The  insoluble  residue.— W  hen  dry  it  is  bulky,  extremely  light,  of  a 
greyish  brown  colour,  and  evolves  a  peculiar  odour.  Gently  heated 
in  a  test  tube,  white  vapour  is  produced,  which  condenses  in  oily 
drops.  The  matter  forming  the  residue  takes  fire  at  a  low  tempera- 
ture, and  bums  like  tinder.  Boiled  with  a  solution  of  potash,  a  brown 
liquid  is  obtained,  having  a  peculiar  odour,  and  from  which  brown 
flocculent  matter  is  precipitated  by  the  addition  of  an  acid  in  excess. 
Tins  matter,  after  washing  and  drying,  is  dark-brown  and  bright. 
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Grey  cast-iron. — The  insoluble  residue  obtained  by  the  action  of  dilute 
sulphuric  or  hydrochloric  acid  on  this  variety  of  cast-iron  for  the  most 
part  consists  of  graphite  ;  and  there  is  reason  to  believe  that  crystal- 
lized silicon  may  also  not  unfrequently  be  present,  this  element  being 
separated  during  solidification  like  carbon,  or  as  it  separates  during 
the  solidification  of  zinc  in  Deville's  process  for  its  preparation. 
Kichter  of  Leoben  has  described  the  occurrence  of  scales  of  crystallized 
silicon  in  a  specimen  of  pig  iron  in  octahedral  crystals  ;  it  was  found 
in  the  insoluble  residue  left  by  the  action  of  hydrochloric  acid.'  T  have 
previously  mentioned  the  fact  that  the  late  Mr.  T.  II.  II  enry  informed 
me  that  he  had  found  crystallized  silicon  amongst  the  graphitic  scales 
in  the  residue  obtained  by  the  action  of  hydrochloric  acid  on  pig-iron. 
Some  time  ago  beautiful  specimens  of  graphite  in  large  plates  were 
forwarded  to  me  from  the  Dowlais  Iron-works  by  Mr.  W.  Child,  my 
former  pupil,  now  chemist,  there.   I  digested  a  portion  in  hydrochloric 
acid  during  a  considerable  time,  when  some  lumps,  apparently  of 
slaggy  matter,  remained  insoluble  along  with  the  graphite.  The  residue 
was  well  washed  with  water,  dried,  and  put  into  molten  potash  in  a 
gold  crucible;  much  effervescence  took  place,  due  to  the  evolution 
«»f  gas,  which  ignited  at  the  surface  just  like  hydrogen.  Successive 
portions  of  potass  were  added,  and  the  mass  kept  melted  until  gas 
ceased  to  be  disengaged.    When  native  graphite  was  similarly  treated 
there  was  not  the  slightest  effervescence.    1  regarded  the  action  above 
described  as  most  probably  caused  by  the  presence  of  free  silicon. 

In  1817  the  late  Professor  Daniell  published  a  paper  on  4  Tho  Me- 
chanical Structure  of  Iron  developed  by  Solution,  and  on  tho  Com- 
binations of  Silex  in  Cast-iron.'*  A  cube  of  grey  cast-iron  was 
immersed  in  dilute  hydrochloric  acid  ;  and  when  the  acid  was  satu- 
rated, the  cube  was  taken  out  and  examined.  It  did  not  appear  to 
have  diminished  in  volume,  and  consisted  of  a  soft  spongy  substance. 
A  specimen  of  white  cast-iron,  of  a  radiated  fracture,  was  similarly 
acted  upon,  and  it  required  three  times  as  long  to  saturate  tho  acid  as 
in  the  case  of  tho  grey  cast-iron.  The  spongy  maw  from  this  metal 
was  easily  cut  with  a  knife;  it  was  dark  grey,  somewhat  resembling 
plumbago;  some  of  it  was  put  to  dry  on  blotting-paper,  and  in  the 
c-Jiir&e  of  a  minute  it  spontaneously  heated  and  smoked.  In  one 
instance,  when  a  considerable  quantity  of  it  had  been  heaped  together, 
iti^ited,  and  scorched  the  paper.  Its  properties  were  not  impaired 
by  being  left  for  days  and  weeks  in  the  solution  of  iron,  or  in  water. 
Some  uf  it,  which  had  been  left  during  three  months  covered  with  'a 
■Oitttion  of  sulphate  of  iron,  freely  exposed  in  an  open  dish,  raised  the 
thermometer  20°  when  collected  on  blotting  paper.  It  absorbed  oxygen 
and  became  very  hot,  but  without  changing  in  appearance.  Exposed 
to  chlorine,  it  also  became  much  heated,  and  a  yellow  liquid  formed. 
Some  of  it,  after  having  been  thoroughly  digested  in  hydrochloric  acid, 
and  washed,  etc.,  was  heated  to  low  redness  with  200  grains  of  pure 
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soda  in  a  silver  crucible,  A  puff  of  gas  occurred,  and  the  crucible  was 
instantly  removed  from  the  fire.  The  product  was  treated  with  water. 
The  insoluble  residue,  digested  in  hydrochloric  acid,  washed,  and 
dried,  resembled  micaceous  iron  ore  in  appearance.  The  aqueous 
solution  saturated  with  hydrochloric  acid  and  evaporated,  gelatinized, 
and  characteristic  silica  was  left. 

Calvert  has  examined  the  residue  produced  by  the  uninterrupted 
action  during  two  years  of  dilute  hydrochloric  acid  or  acetic  acid  on 
cubes  of  grey  cast-iron.  It  weighed  about  22  %  °f  tne  original  metal. 
When  exposed  to  the  air  it  quickly  becomes  hot,  owing,  according  to 
Calvert,  to  the  oxidation  of  the  iron  which  it  contains.  The  following 
analyses  of  the  cast-iron  and  residue  are  given  :5 — 

Civs'-iron.  lltsiduo. 


Carbon    2 -900  11-020 

Nitrotfin    0-790  2  590 

Silicon    0-478  6-070 

Iron    95  413  79-960 

Sulphur    0*179  0  096 

Phosphonis    0  132  0  059 

!>*«    0  108  0-205 


100  000  100-000 
This  residue  has  not,  as  yet,  been  satisfactorily  investigated. 

Action  of  Ska-Watkr  on  Cast-Iron. 

When  pig-iron  has  been  long  exposed  to  the  action  of  sea-water,  a 
grey  spongy  light  mass  is  obtained.  1  have  a  specimen  of  this  kind, 
which  formed  part  of  a  cannon-ball  dredged  up  in  Falmouth  Harbour, 
where,  it  was  supposed,  the  ball  had  lain  during  many  years.  In 
ancient  bloomery  slags  I  have  found  globules  of  metal  replaced  by 
similar  matter.    This  change  is  perfectly  well  known. 

Fifty  years  after  the  sinking  of  a  vessel  of  war  near  Carlscrona,  the 
cast-iron  guns,  with  which  it  had  been  aimed,  were  got  up,  and  found 
to  bo  changed  to  the  extent  of  one -third  into  a  grey,  porous,  graphitic 
mass  ;  and  after  exposure  to  the  air  for  a  quarter  of  an  hour,  they  became 
so  hot  that  the  water,  with  which  they  were  impregnated,  was  con- 
verted into  steam,  and  it  was  impossible  to  touch  them.  Berzelius, 
who  is  the  authority  for  the  foregoing  statement,  supposed  that  the 
iron  was  gradually  converted  into  carbonate  by  the  conjoint  action  of 
the  oxygen  and  carbonic  acid  on  the  water,  and  so  dissolved  away." 
Mr.  Wilkinson  has  collected  and  recorded  the  following  similar  cases.7 
Many  of  the  vessels  of  the  Spanish  Armada  were  sunk  off  tho  shore  of 
Mull,  in  Scotland  ;  and  in  1740  some  of  the  guns  of  one  of  these  vessels, 
named  the  "  Florida,"  were  raised.  There  were  both  44  brass "  and 
cast-iron  guns  ;  and  on  scraping  the  latter,  which  were  deeply  cor- 
roded, they  became  so  hot  that  they  could  not  be  touched.  However, 
they  lost  this  property  after  2  or  3  hours'  exposure  to  the  air ;  and 

5  Jiihres-Bcrieht.  Wngner.  1861.  |>.  24.  |  on  Cast-iron  l>v  the  actum  of  Sea-water. 
f>  Tr.  2.  p.  r,9  \.  Engine*  of  War.     Bv  Henry  Wilkinson. 

7  On  the  extraordinary  effect  produced  |  London.    1S41.    P.  238. 
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there  was  no  difference  in  the  appearance  of  the  substance  l>efore  and 
after  this  combustion.  "  The  inhabitants  of  Mull,  and  all  who  wit- 
nessed the  phenomenon,  were  greatly  astonished  (as  may  naturally  bo 
supposed) ;  and  being  themselves  uuable  to  solve  the  mystery,  they 
applied  to  the  surgeon  of  the  ship,  as  being  the  most  scientific  man 
present;  he  was,  however,  as  much  at  a  loss  to  account  for  such 
unusual  appearances  as  themselves,  but  said,  that  although  they  had 
been  buried  in  the  sea  nearly  200  years,  yet,  as  they  went  down  in 
the  heat  of  action,  he  supposed  they  had  not  had  sufficient  timo  to 
cool!"'  In  a  naval  engagement  with  the  French  off  Portsmouth  in 
1545,  the  "  Mar}-  Kose,"  of  the  English  fleet,  was  so  overweighted 
with  ordnance  that  she  sank  with  all  her  crew  of  nearly  r>00  men.  On 
the  16th  of  June,  1836,  a  24-pounder  "  brass  gun,"  II  ft.  in  length, 
belonging  to  this  vessel,  was  raised  with  the  aid  of  a  diving  apparatus. 
This  gun  had  a  cast-iron  shot  in  it,  which,  on  exposure  to  the  air,  is 
stated  to  have  become  nearly  red-hot  and  to  have  fallen  to  pieces. 
"  At  the  same  time,"  Mr.  Wilkinson  writes,  11  four  brass  and  three  iron 
gnns  were  raised  from  the  wreck  of  the  4  Mary  Rose.'  The  iron  guns 
were  of  the  ancient  description,  formed  of  iron  bars  hooped  together 
with  iron  rings,  and  they  were  all  loaded ;  but  the  guns  being  made 
of  wrought  or  malleable  iron,  they  did  not  exhibit  the  same  phe- 
nomenon as  tbie  balls  which  were  made  of  cast-iron.  Those  balls, 
which  by  their*  diameter  ought  to  have  weighed  JlOlbs.,  were  reduced 
to  19  lbs.  3  oz.  The  8-inch  or  70  lb.  ones  were  only  4.r>  lbs.,  although 
to  external  appearance  the  same  as  regular  shot,  until  they  fell  to 
pieces  red-tiot  on  exposure  to  the  air." 


ALLOYS  OF  IRON. 

Our  knowi edge  of  the  alloys  of  iron  is  very  imperfect.    There  are, 
it  is  true,  numerous  observations  concerning  the  presence  of  various 
metals  in  steel  and  cast-iron,  but  there  are  few  concerning  alloys  with 
"•omparatively  pure  iron.    I  shall  present  such  information  as  1  have 
been  able  to  collect  on  this  important  subject  under  the  three  heads  : 
Alloys  with  Pure  Iron,  with  Steel,  and  with  Cast-Iron  ;  and,  in  order  to 
make  this  volume  as  complete  as  possible  in  itself,  I  shall  deviate  from 
the  plan  which  I  announced  in  the  first  volume,  namely,  under  each 
metal  to  treat  only  of  its  alloys  with  the  metals  previously  considered. 
In  the  case  of  triple,  etc.  alloys,  I  shall  adopt  the  following  arrange- 
ment: the  alloys  of  iron  with  the  metals  a,  A,  r,  d,  etc.  being  the  order, 
thealluys  of  iron  with  a,  6  will  be  given  under  h,  with  />,  r  or  a,  />,  <• 
under  c,  and  so  forth. 

•  ■ 

Ikox  and  Copper. 

Rinmann  heated  strongly  in  a  blast-furnace  a  crucible  containing  a 
mixture  of  5  parts  of  iron  and  1  of  copper  in  the  state  of  copj)er-rauL* 
The  product  was  a  well-melted  convex  button,  of  which  the  weight 


*  Wilkin*™,  p.  239.  »  Vid.  Metallurgy,  First  Part.  1.  p.  410. 
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was  somewhat  less  than  that  of  the  metals  employed ;  it  was  hard  and 
tough,  and  could  only  be  broken  with  difficulty ;  its  fracture  was 
white  with  black  points,  presenting  no  signs  of  copper,  but  here  and 
there  upon  the  surface  it  had  a  copper-like  skin.'  With  regard  to  the 
effect  of  copper  on  iron,  the  statements  of  Kinmann,  as  Karsten  pointed 
out,  are  contradictory :  thus,  in  one  place  he  writes,  11  In  ignorance  it 
was  believed  that  red-shortness  in  iron  was  specially  due  to  copper, 
and  some  foreigners  are  so  simple  as  to  believe  that  Swedish  iron 
generally  contains  copper,  and  is,  therefore,  red-short 2  whilst  in 
another  placo  ho  writes,  "  it  cannot  be  denied  that  the  presence  of 
copper  in  bar-iron  causes  incurable  red-shortness."  * 

Mushet  made  experiments  on  the  14  practicability  of  alloying  iron 
and  copper,"  and  arrived  at  the  following  conclusions:  "Pure  malle- 
able iron  may  bo  united  with  copper  in  any  proportion,  until  it  equals, 
or  even  exceeds,  the  weight  of  the  copper ;  the  intensity  of  the  copper- 
colour  increases  till  the  quantities  are  equal ;  and  the  fracture  then 
becomes  paler,  in  proportion  as  the  quantity  of  iron  exceeds  that 
of  the  copper.  With  50  per  cent,  of  iron  the  alloy  possesses  great 
strength:  its  hardness  increases  with  the  quantity  of  iron,  but  its 
strongth  afterwards  decreases,  and  in  cutting,  it  opens  before  the 
chisel." 4  The  statement  concerning  the  increase  in  the  intensity  of  the 
colour  does  not  agree  with  my  experience,  as  will  presently  be  shown. 

According  to  Karsten,  44  Iron  can  only  take  up  a  certain,  probably 
very  small,  percentage  of  copper,  as  copper  can  only  combine  with  a 
small  quantity  of  iron."4    Ho  also  remarked  that  copper  appeared  to 
act  very  little  upon  the  magnetic  property  of  iron,  as  the  presence  of 
vory  small  quantities  of  iron  in  copper  may  be  detected  by  the  magnet. 
The  same  authority,  after  alluding  to  the  diversity  of  opinion  concern- 
ing the  effect  of  copper  on  iron,  gives  it  as  the  general  opinion  of 
persons  practically  acquainted  with  the  manufacture  of  iron,  that 
copper  renders  iron  red-short.    Tn  order  to  satisfy  himself  on  this 
point  he  made  experiments  on  the  large  scale.    In  tho  conversion  of 
cast-iron  into  malleable  iron  in  tho  charcoal  hearth  ho  added  i  °/  of 
copper  to  the  charge.    During  the  whole  process  a  lively  green  flame 
was  emitted.    The  bar-iron  produced  was  not  in  tho  least  red-short. 
Tho  experiment  was  repeated  with  the  addition  of  1  °f  of  copper  to 
the  charge,  when  it  was  found  that  the  iron  of  the  lump  would  not 
weld  properly,  and  after  reheating  three,  four,  or  five  times,  it  still 
remained  unsound  in  places.    On  plunging  a  bar  while  heated  to  the 
highest  temperature  into  water,  a  green  flame  proceeded  from  it ;  and 
by  this  means,  Karsten  states,  the  presence  of  copper  becomes  instantly 
manifest.    Of  eight  bars  obtained  from  this  lump,  six  stood  tho  usual 
proof,  and  the  other  two  broke  where  cracks  had  appeared.  Although 
tho  tenacity  of  tho  iron  was  not  afloctod  by  the  addition  of.l°/o  of 
copper,   yet  its  weldableness  was  sensibly  diminished.  Analysis 
showed  that  tho  bar-iron  retained  0*286%  of  copper.    Karsten  states 


1  Goscliichtu  dra  Bisons.  1.  p.  4G4.         |     4  Phil.  Mug.  fl.  p.  81.  1833. 
-  Op.  cit.  p.  4<5!2.       >  Ibid.  p.  388.        j     *  KiaenhutU  nkundr,  1.  p.  408. 
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that  this  cupriferous  iron  requires  six  times  as  long  for  solution  in 
sulphuric  or  nitro-hvdroehlorie  acid  as  pure  bar-iron. 

According  to  Professor  Eggertz,  of  Fahlmi,  malleable  iron  contain- 
ing 0-5%  of  copper  shows  only  traces  of  red-shortness.* 

Longraaid  has  patented  the  addition  of  from  Jib.  to  2 lbs.  of  copper 
to  the  ton  of  iron.7  The  copper  is  put  into  the  melted  cast-iron  in  the 
refining  or  puddling  processes.  The  patentee  announces,  what  few  will 
probably  believe,  that  44  the  iron  thus  produced  will  bo  found  to  be 
possessed  of  a  greater  degree  of  hardness  whilst  retaining  its  ductility." 
I  am  not  aware  of  any  evidence  in  confirmation  of  the  truth  of  this 
statement. 

The  following  experiments  on  alloying  iron  and  copper  together 
have  been  made  in  my  laboratory  by  Mr.  Iiichardson.  Thick  iron- 
wire  and  electrotype  copper  cut  in  small  pieces  were  employed,  and 
fusion  was  effected  under  plate  glass  in  clay  crucibles  with  luted  covers. 

1.  Iron  200  grs.  and  copper  1000  grs.  A  well-melted  button  whs 
produced,  which  weighed  8  grs.  less  than  the  metals  used.  It  should 
have  contained  about  16*G%  °f  iron.  It  was  copper-coloured  exter- 
nally, and  fiat  on  the  upper  surface  with  rounded  edges  ;  there  was 
no  excrescence,  but  near  the  circumference  in  one  place  was  a  slight 
depression,  within  which,  under  a  lens,  the  metal  consisted  of  a  spongy 
agglomeration  of  minute  confusedly  crystalline  particles.  It  was  much 
harder  and  tougher  than  copper,  and  it  was  cut  across  with  a  cold 
chisel  nearly  through  before  (he  two  pieces  separated.  It  was  scratched 
by  fluorspar,  bnt  not  by  calcareous  spar.  The  fracture  was  copper-red 
in  colour,  but  somewhat  paler  than  that  of  tough-pitch  copper;  in 
structure  it  appeared  finely  granular  or  bright  and  silky,  according  to 
the  direction  of  the  light  incident  upon  it,  and  under  a  low  power 
of  a  simple  microscope  it  seemed  homogeneous.  However,  Mr. 
Matthiessen  informs  me  that  he  could  not  succeed  in  drawing  out  a 
piece  of  this  metal  into  wire,  in  consequence,  as  he  believes,  of  its 
want  of  homogeneity.  Its  toughness  struck  me  as  very  great.  It 
flattened  out  under  the  hammor  at  a  dull  redheat,  but  at  tho  same  time 
split.  It  is  scarcely  necessary  to  remark  that  observations  as  to  tho 
working  qualities  of  a  metal  cannot  be  satisfactorily  made  with  such 
a  small  pieco  as  I  operated  upon. 

2.  Iron  300  grs.  and  copper  1000  grs.  With  tho  exception  of 
55 grs.  of  iron  which  remained  unfused,  tho  button  was  well  melted. 
The  loss  was  22  grs.  The  fracture  had  a  paler  copper-rod  colour  than 
that  of  No.  1  ;  it  was  crystalline-granular ;  it  appeared  homogeneous, 
and  I  could  not  even  by  means  of  a  lens  detect  any  specks  of  iron  upon 
&  The  metal  was  not  so  tough  as  No.  1.  It  contained  about  20% 
rf  iron,  deduction  made  of  the  unfused  portion. 

3.  Iron  700  grs.  and  copper  700  grs.  Tho  loss  was  80  grs.  The 
bntton  was  well  melted.  It  had  a  light  pinkish  copper-red  colour,  was 
very  brittle,  and  fine-grained  in  fracture.  It  contained  about  50% 
«f  iron. 


*  Jahrc*-Bericht.  Wagner.  18«;2,  p.  0.  >  A.D.  1881.  No.  1803. 
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4.  Iron  700  grs.  and  copper  500  grs.  The  loss  was  6  grs.  The 
button  was  well  melted.  The  central  part  of  the  upper  surface  was 
very  slightly  concave.  This  surface  had  the  colour  of  iron,  and  ap- 
peared as  though  it  were  thinly  plated  with  that  metal ;  and  under  a 
lens  it  was  seen  everywhere  to  present  crystalline  markings  like  those 
of  chloride  of  ammonium  evaporated  on  glass.  This  plating  of  iron 
extended  round  the  edges  downwards,  and  irregularly  over  the  lower 
surface  of  the  button.  The  metal  was  very  brittle.  The  fracture  was 
similar  in  colour  to  that  of  No.  3  ;  it  was  uneven  and  very  distinctly 
crystalline  ;  under  a  lens  the  metal  was  seen  to  eonsist  of  an  agglome- 
ration of  crystals  like  those  of  chloride  of  ammonium  above  mentioned; 
there  were  indications  of  cleavage  planes  of  considerable  size,  not 
smooth,  but  composed  apparently  of  minute  parallel  facets,  producing 
a  sort  of  chatoyant  lustre  by  varying  the  direction  of  the  incident 
light.    The  metal  contained  about  68J%  °f  *ron- 

5.  Iron  800  grs.  and  copper  200  grs.  The  lo>s  was  only  2  grs.  The 
button  was  well  melted.  The  metal  was  extremely  brittle.  The 
fracture  had  a  pale  coppery-grey  colour,  the  tint  of  which  varied  with 
the  direction  of  tho  incident  light;  it  was  crystalline  granular,  and 
presented  the  peculiar  chatoyant  effect  in  a  much  higher  degree  than 
No.  4.  Copper-red  particles  appeared  here  and  there,  and  especially 
at  tho  bottom  of  the  button.  Under  a  low  power  of  a  simple  micro- 
scopo  tho  fracture  was  an  interesting  object;  it  was  composed  of 
iron-grey  mica-like  scales  intermingled  with  red  copper-like  particles. 
The  metal  contained  80  %  of  iron. 

Tho  metal  in  each  of  the  preceding  experiments  acted  strongly  on 
tho  magnetic  needle. 

Mushot  obtained  tho  following  results  on  fusing  copper  with  steel 
and  cast  iron."  Steel  melted  with  5%  °f  weight  of  copper  was 
considerably  hardened,  useless  for  forge-purposes,  and  incapable  of 
taking  an  edge.  The  ingot  was  crystallized  like  cast-steel,  and  showed 
no  traco  of  copper  either  on  the  external  or  fractured  surfaces.  Copper 
melted  with  10%  of  its  weight  of  bar-steel  gave  an  ingot  outwardly 
similar  in  appearance  to  the  last,  but  with  the  44  radiated  linear  crys- 
tallization less  distinct,"  was  hard  and  brittle,  and  minute  points  of 
copper  were  visible  on  the  fracture.  [It  is  so  printed,  but  surely  the 
copper  and  iron  should  be  transposed.]  An  ingot  obtained  by  melting 
stoel  with  20°/0  of  its  weight  of  copper :  when  filed  it  appeared 
coppery  red  on  the  lower  and  steel-bright  on  tho  upper  surface  ;  the 
fracture  was  regular  in  grain.  Steel  melted  with  |  of  its  weight  of 
copper  gave  an  ingot,  consisting  of  copper  at  the  bottom ;  copper 
appeared  in  streaks  and  knots  on  the  fracture  I  surface.  White  cast- 
iron  afforded  nearly  the  same  results  when  melted  with  similar  pro- 
portions of  copper ;  but  there  was  a  greater  tendency  to  separation 
when  the  copper  exceeded  .r>%.  When  No.  1  grey-pig  iron  was 
melted  with  5  7C  of  copper,  specks  of  red  copper  were  found  upon 
the  lower  surface  of  the  ingot  and  on  the  fractured  surface;  with 

"  I'liil.  Mu?.  mite  cit. 
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10 70  the  copper  attached  iteelf  in  leaves  to  the  outside  of  the  cast- 
iron  ;  and  with  20  /c  a  solid  button  of  copper  was  found  underneath 
the  ca.st-iron  at  the  bottom  of  the  crucible.  Mushet  concluded  that 
"  copper  unites  with  iron  in  proportion  as  the  latter  is  free  from  carbon." 

Faraday  and  Stodart  melted  steel  with  2  %  of  copper,  but  the 
quality  of  the  metal  did  not  appear  to  be  at  all  improved.* 

Stengel  has  published  a  paper  concerning  the  influence  of  sulphur, 
(silicon,  and  copper  on  the  quality  of  iron  and  steel but  as  only  the 
projK)rtions  of  these  elements  were  determined,  conclusions  drawn 
from  his  results  must  be  cautiously  received.  These  results,  however, 
are  sufficiently  important  to  be  presented  in  extenso,  especially  as  great 
attention  has  of  late  been  given  by  really  intelligent  Britibh  iron- 
masters to  the  analysis  of  the  various  kind*  of  iron  in  commerce  with  a 
view  to  determine  the  causes  of  this  remarkablo  difference  in  quality. 

Table  of  Stengel's  Results. 

The  sign  —  indicate*  tlint  the  element  was  sought  for,  but  not  found  ;  and  the 

sign  ...  that  it  was  not  nought  for. 


I  BON. 


S  per  cmt 

Si  p«-T  oetiL  j  Cfl  per  cent. 

LooaHfj. 

1 

0  002 

0-056 

District  of  Saarbrtick. 

2 

0  004 

0018 

0  07 

From  the  Eifcl. 

3 

0-013 

0  050 

English  puddled  iron. 

4 

0*016 

0  070 

Hallxrg  Forge,  Satrbriiek. 

5 

0*116 

0- 102 

Sent  from  Bonn  ;  where  made  unknown. 

6 

0-018 

0*088 

0-21 

Puddled  iron,  from  the  A  If,  near  Koehem. 

7 

0015 

0-0*16 

044 

Siegen. 

8 

0  032 

0  278 

0-38 

The  Huns. 

*  The  Quarterly  Journal  of  Science,  Schwefels  auf  die  Giite  de*  Staid*.  Kur- 

Literature.  and  the  Arts,  9.  p.  329.  1820.  j  sten's  Archiv,  10.  p.  744.  ls:t7.    Tin-  title 

Philos.  Trans.  182*2,  p.  266.  of  Stengel's  paper  should  be  what  I  have 

1  Cher  den  Einfluss  des  Kupfcrs  und  stated  in  tin?  text. 


Note. — I  shall  have  frequent  occasion  siderable  time  in  a  state  of  thin  fusion, 

in  the  ((.-quel  to  refer  to  the  experiments  previous  to  its  being  pound  out  into  the 

ef  Faraday  and  Stodart  on  the  alloys  of  mould.    The  cast  ingot  was  next,  under 

rted,  and  "it  may  he  well  here  to  state  the  the  same  sujs-rintendenee,  taken  to  the 

mode  in  which  they  were  conducted.  "In  tilting  mill,  where  it  whs  forged  into  Iwrs 

nuking  the  alloys  on  the  large  scale,"  of  a  convenient  size,  at  a  teni|H-niture  not 

they  write,  **  we  were  under  the  necessity  higher  than  juat  to  render  the  na  tal  nut11- 

rtmoving  our  operations  from  Txmdon  cieutly  mall*  ahle  under  the  tilt  Imminer. 

toaoteel  furnace  at  Sheffield :  and  being  When  returned  to  us,  it  was  subjected  b> 

prtvtnted  by  other  avocations  from  giving  examination  both  mechanical  and  eherai- 

ptrswial  attendance,  the  superintendence  eal,  as  well  as  compared  with  the  similar 

<>f  the  work  was  consequently  intnisted  to  products  of  the  laboratory.    From  the  ex- 

an  intelligent  and  confidential  agent.    To  I  tenial  np|>ouranee,  as  well  as  from  the 

him  the  steel,  together  with  the  alloying  [  texture  of  the  part  when  broken  by  the 

metals  in  the  exact  proportion,  and  in  the  blow  of  the  hammer,  we  were  able  to 

most  favourable  state  for  the  purpose,  was  form  a  tolerably  correct  judgment  as  to 

furwanb-d,  with  instructions  to  see  the  its  general  merits ;  the  hardness,  tougb- 

whok-  of  the  metals,  and  nothing  els*-,  ne**,  and  other  projsrties,  were  further 

packed  into  the  crucible,  and  placed  in  proved  by  severe    trials,    after  UiniZ 

the  furnace,  to  attend  to  it  while  there,  fashioned  into  some  instrument  or  t<*>h 

aud  to  suffer  it  to  remain  for  some  eon-  and  properly  hardened  and  tempered."* 

*  n.ii.  Tram.  »nt*cU,p.»i, 
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Steel. 


No. 

S  per  cent. 

Si  jier  cent.  Cu  per  cent. 

Locality. 

9 
10 
11 

12 

13 

14 

0-002 
0  028 
0  002 

0-008 

O'Oll 

0  00<J 

0115  — 

1  0-02 
0-0G2  0-31) 

0  163  0-27 

0144       0  40 

0-077  0-36 

Crudo  steel,  from  near  Eisencrz,  Styria. 

Brescian  steel. 

Oberhunden,  near  Lohe. 

From  Lohe,  Sicgeu,  mado  wholly  from  Stahl- 

berg  spathic  ore. 
Ordinary  steel  from  Lohe. 
Steel  ma<le  from  Salchendorf  highly  inaugau- 

esiferous  brown  iron  ore. 

Obser vat ions. — In  Nos.  1,  2,  and  3  the  iron  presented  no  trace  of  red- 
shortness.  In  No.  4  there  was  only  a  slight  tendency  to  red-shortness. 
No.  5  was  in  the  highest  degree  red-short  No.  0  showed  some 
tendency  to  red-shortness,  whereas  No.  3  wan  perfectly  free  from  this 
defect,  and  scarcely  differed  in  composition  from  No.  6,  except  as  to 
the  absence  of  copper.  In  No.  7  there  was  a  traco  of  red-shortness  ; 
and  Stengel  gives  0-44°/o  of  cop|>er  as  the  limit  at  which  red-shortness, 
due  to  the  presence  of  this  metal,  may  be  said  to  commence.  It  was  only 
when  drawn  out  into  thin  pieces  that  it  showed  its  inferiority  to  iron 
free  from  copper.  No.  8  was  red  short,  but  still  might  bo  l>ent  without 
breaking.  That  red -shortness  in  this  instance  was  not  duo  to  copper, 
is  proved  by  reference  to  No.  7.  The  tenacity  of  iron  is  not  affected 
by  the  presence  even  of  more  than  ■£%  of  copper,  at  least  not  when 
the  metal  is  drawn  out  to  the  thinness  of  hoops,  although  it  may  be 
rough  at  the  edges. 

With  regard  to  steel,  Stengel  observes  that  No.  10,  or  Brescian 
steel,  surpasses  all  the  other  kinds  of  steel  in  the  table,  except  No.  9  ; 
and  draws  attention  to  the  fact  that  this  superiority  is  connected  either 
with  the  total  absence  of  copper,  or  with  its  presence  only  in  minute 
proportion  ;  or,  conversely,  that  all  the  inferior  kinds  of  steel  in  tho 
table  contain  a  comparatively  large  proportion  of  copper.  Hence  ho 
refers  this  inferiority  to  copper.  It  cannot  bo  duo  to  sulphur,  because 
Brescian  steel  contains  moro  than  any  of  the  other  varieties  in  the 
table.  Tho  presence  of  copper  in  sensible  quantity  in  either  iron  or 
steel  is  indicated  by  tho  rough  and  black  appearanco  of  the  surface  of 
tho  metal  after  heating  to  redness  and  quenching  in  water.  No.  9  is 
well  adapted  for  scythes.  The  chief  results  at  which  Stengel  arrives 
from  his  researches  are  as  follow: — 1.  All  sorts  of  iron  and  steel  free 
from  oopper,  when  scaled  by  heating  to  redness  and  quenching  in 
water,  givo  a  silver-white  surfaco  at  tho  edges,  whereas  with  from 
0-27  70  to  0-4°/o  of  copper,  tho  surface  thus  scaled  is  black  and 
rough  ;  thus,  No.  5,  which  was  very  red-short  from  the  presence  of 
sulphur  and  silicon,  and  which  contained  no  copper,  when  scaled  after 
heating  to  yellow-redness,  left  a  silver-white  surface  at  the  edges, 
though  full  of  cracks.  2.  The  presence  of  0-110%°^  sulphur  and 
0 -1927c  of  silicon,  without  copper y  renders  iron  and  steel  red-short  and 
useless.  \\.  The  presence  of  0-015%  of  sulphur  and  0*44%  of  copper 
causes  incipient  red-shortness.    4.  A  considerably  less  proportion  of 
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sulphur  is  required  to  induce  decided  lcd-shortness  in  iron  than  of 
copper.  The  addition  of  0  *  1  %  of  sulphur  is,  perhaps,  more  injurious 
to  the  strength  of  iron  than  that  of  \°/Q  of  copper  and  upwards. 

According  to  Eggertz,  steel  made  from  iron  containing  only  0*5% 
of  copper  is  good  for  nothing.8 

I  have  previously  described*  the  cupriferous  cast-iron  produced  in 
copper- smelting  in  Perm.  It  was  white,  containing  12*64%  of 
copper  and  3-03%  of  carbon.  Particles  of  metallic  copper  were  dis- 
seminated on  the  fractured  surface,  and  no  statement  is  given  as  to 
the  amount  which  may  havo  been  alloyed,  or  at  least  intimately  mixed, 
with  the  metal.  By  melting  the  cupriferous  cast-iron  in  a  hearth,  and 
protecting  the  surface  from  oxidation,  copper  containing  about  20% 
of  iron  accumulates  at  the  lower  part,  and  may  be  tapped  off  from  the 
sujKirjaceut  stratum  of  cast-iron,  which  retains  from  i%  *°  2%  of 
copper,  and  which,  according  to  Krilowski,  is  well  adapted  for  casting. 
It  runs  into  the  smallest  cavities,  and  scarcely  contracts  on  solidi- 
fication; it  is  susceptible  of  a  fine  polish,  and  hardens  like  steel;  itH 
fracture  after  rapid  cooling  is  bright  and  lamellar,  and  after  slow 
cooling  dull  and  finely  granular ;  it  may  be  turned  in  the  lathe  with  the 
greatest  facility  t  and  it  is  even  somewhat  malleable.  Castings  of  this 
metal  on  leaving  tho  mould  are  covered  with  a  continuous  though 
extremely  thin  layer  of  metallic  copper,  so  that  after  exposure  to  tho 
air  during  some  timo  they  acquire  exactly  the  tint  of  bronze.5  At- 
tempts were  previously  made  at  Liege  to  alloy  cast-iron  with  copper, 
but  they  resulted  in  failure,  and  no  true  alloy  could  be  obtained.' 

Iron  and  Zinc. 

Old  chemical  authors  record  the  results  of  numerous  and  varied 
experiments  to  alloy  these  metals  directly  together,  and  it  was  gene- 
rally concluded  that  they  did  not  alloy.  However,  Bosc-d'Antie 
found  that  zinc  melted  in  contact  with  iron  in  close  crucibles  acquired 
a  somewhat  steel- grey  colour,  was  not  rendered  malleable,  did  not 
rust,  preserved  its  lustre,  melted  on  charcoal  before  tho  blowpipe, 
was  very  readily  attracted  by  the  magnet,  and  gave  to  hydrochloric  acid 
the  same  colour  as  iron,  forming  a  solution  which  produced  ink  with 
infusion  of  nut-galls,  and  Prussian  blue  with  ferrocyanide  of  potas- 
sium.5, Ilenco  there  can  be  no  doubt  that  he  obtained  an  alloy  of 
zinc  and  iron.  Although  molten  zinc  speedily  takes  up  a  little  iron, 
whether  cast  or  wrought  iron,  yet  it  is  only  by  long  contact  of  tho 
two  metals  under  this  condition  that  they  can  bo  properly  alloyed. 
This  occurs  in  the  process  of  zincing  iron,  in  which  a  large  quantity 
of  zinc  is  kept  melted  in  iron  vessels.  Tho  iron  is  slowly  corroded 
and  an  alloy  is  produced,  which,  having  a  higher  melting-point  and  a 


1  Jahres-Iierieht.  Wagner.   1802.  P.  9. 

*  Metallurgy,  First  Part,  p.  434. 

*.  Notice*  snr  la  fonto  alliee  de  cuivrc. 
Ann.  de*  Mines,  3  ««.  16,  p.  197.  1839. 
Quoted  from  tho  Ann.  de&  Mines  Busses. 


1830.    No.  1. 

6  Ann.  des  Mines,  3  kh.  3.  p.  233.  1833. 

?  GcDchichto  dca  Zinks.  Facta.  1788. 
p.  290. 
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higher  specific  gravity  than  zinc,  accumulates  on  the  bottom.  It  is 
detached  at  intervals,  and  at  one  establishment  1  have  seen  more  than 
(>0  tons  of  it  in  large  lumps  at  one  time. 

Hollunder  seems  to  have  first  ascertained  the  conditions  under 
which  the  alloy  of  iron  and  zinc  is  formed,  and  to  have  recognised  the 
true  nature  of  the  incrustation  produced  in  iron  vessels  in  which  zinc 
is  melted.  He  made  numerous  and  ineffectual  attempts  to  alloy  the 
two  metals  rapidly  together,  and  be  tried  to  unite  them  by  the  inter- 
vention of  tin  and  arsenic.  He  published  two  papers  in  which  he 
recorded  his  experiments,  and  gave  a  complete  account  of  all  previous 
researches  on  the  subject.  These  papers  are  tediously  minute,  and 
will  now  hardly  repay  perusal.8 

Berthier  states  that  "  iron  and  zinc  combine  in  all  proportions 
when  heated  slowly  together  without  contact  of  the  air  ;" 9  but  this  is 
surely  erroneous.  At  a  high  temperature  the  zinc  is  wholly  volatil- 
ised, and  hence,  as  Berthier  correctly  remarks,  tho  cast-iron  obtained 
in  smelting  zinciferous  ores  of  iron  is  free  from  zinc.  I  have  in  vain 
sought  for  zinc  in  pig-iron  from  one  of  tho  Stanhope  furnaces  in  the 
North  of  England,  where  zinc  vapour  was  burning  at  the  top  with  a 
highly  luminous  flame  and  with  the  deposition  of  a  crust  of  oxide 
round  the  mouth.  Karsten  found  zinc  in  the  pig-iron  yielded  by 
calami  niferous  iron  ores  expressly  used,  but  tbo  proportion  was  too 
small  to  be  estimated.' 

Berthier  has  given  tho  following  analyses  of  alloys  detached  from 
the  bottom  of  cast-iron  vessels  in  which  zinc  was  melted  preparatory 
to  lading.  He  describes  them  as  maminillated  and  largely  crystalline 
in  grain. 


No.  1  was  from  Liege,  and  No.  2  from  Gisore. 

Herapath  obtained  a  metallic  incrustation  from  the  interior  of  the 
iron  tube  leading  from  a  retort  in  an  English  zinc  furnace.*  It  was 
composed  of  92'G%  of  zinc  and  7*4  °/0  of  iron.  Its  specific  gravity 
was  7*172;  it  was  extremely  hard  and  brittle;  its  fracture  showed 
broad  facets  like  zinc,  but  it  had  a  duller  grey  colour,  and  its  surfaces 
were  more  rough  and  granular  than  zinc* 

Many  years  ago  I  obtained  from  the  Gospel  Oak  Works,  near 
Birmingham,  where  the  process  of  galvanising  iron  was  conducted,  a 
specimen  of  the  alloy  which,  on  the  exterior,  consisted  of  confusedly 
interlaced  short  crystalline  prisms.  The  fracture  presented  large 
facets  studded  with  minuto  grey  specks  which  render  it  dull  in  lustre 
as  compared  with  the  fracture  of  ordinary  zinc.  The  metal  is  hard 
and  brittle,  and,  as  was  remarked  by  Hollunder,  dissolves  very  rapidly 
in  hydrochloric  or  dilute  sulphuric  acid,  so  that  it  may  be  conveni- 

*  Journal  fur  (Jhemie    and  Physik.  1  Kinenhiitteuk.  1.  p.  519. 

Sehweigger  u.  Meiueeke.  23.  pp.  -  Vide  Metallurgy,  First  Part, 

mid  16&-195.    NUmberg,  1821.  3  Phil.  Mag  til.  p.  1«,7.  1823. 

9  Tr.  2.  p.  575. 
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entiv  employed  fur  m.ikin^  hydrogen.    It  contained  S*00°/0  of  >H>n 
and  a  little  lead.    I  received  a  specimen  of  the  alloy  from  the  late 
Mr.  T.  H.  Henry,  consisting  of  a  confused  aggregation  of  imperfectly 
formed  crystals,  which  appear  to  be  more  or  less  prismatic  :  it  con- 
rains  9*4 °/0  of  iron.   The  composition  of  this  alloy  may  be  nearly  repre- 
sented by  the  formula  Znu  Fe.    It  is  probable  that  iron  and  zinc  may 
unite  in  variable  proportions  and  yet  produce  alloys  of  tho  same 
crystalline  form,  as  Professor  Cooke,  of  Harvard  College,  U.  S.,  has 
hlijwii  to  be  the  case  with  alloys  of  zinc  and  antimony  ;  and  Mr. 
Storer,  of  the  same  College,  with  alloys  of  copper  and  zinc.4  Erdmann 
analysed  acicular  crystals  detached  from  a  piece  of  distilled  zinc  left 
in  water  upon  chloride  of  silver,  which  the  zinc  had  reduced.  They 
consisted  of  93-193%  of  zinc,  6*524%  of  iron,  and  0-283%  of  lead. 
Their  composition,  therefore,  nearly  corresponds   to   the  formula 
Zn'*  Fe,  and  they  evidently  closely  resemble  the  crystals  above  do- 
scribed,  which,  from  their  mode  of  formation,  might  be  expected  to  con- 
tain zine.  mechanically  intermixed.*   Mr.  Abel,  of  the  Arsenal,  litis  com- 
municated to  me  some  observations  which  ho  has  made  on  crystallized 
alloys  of  zine  and  iron  accidentally  produced.    A  mass  comjK>sed  of 
aggregations  of  small  prisms  was  found  by  him  to  have  the  following 
composition:— 

Zinc    1)1  HO 

Iron    7  45 

Ixnd   0  75 

100-00 

There  was  no  sulphur.  This  approximates  closely  to  the  formula 
ZnTe,  which  requires  7 '90  %  of  iron.  Other  specimens  contained 
*  -  /  and  7  %  of  iron  respectively.  A  mass  having  a  dense  crystal- 
line fracture,  not  unlike  that  of  white  pig-iron,  contained  10*8 n/Q  of 
iron.  Laurent  and  Holms  have  described  crystals  of  zinc  which  were 
finned  in  an  earthenware  pipe  used  as  a  receiver  in  the  extraction 
<rf  the  metal.  They  were  prisms  with  a  rhombic  base,  and  contained 
from  :j  /o  to  4  %  of  iron.* 

llie  process  of  zincing,  or,  as  it  is  termed,  galvanizing  iron  is  very 
extensively  practised  in  order  to  prevent  rusting.  The  articles,  after 
having  been  thoroughly  freed  from  scale  by  pickling,"  etc.,  arc 
Nnmersed  in  a  bath  of  molten  zinc  covered  with  sal-ammoniac, 
*Weby  they  acquire  a  firmly  adherent  superficial  coating  of  this 
Dfctal,  The  history  of  this  invention  is  interesting.  It  is  stated  that 
Malouin  so  long  ago  as  1 742  ascertained  that  a  sort  of  tin-plate  might  bo 
made  with  zinc.7  The  following  passage  occurs  in  liishop  \\  at  son's 
widely  circulated  Chemical  Essays,  published  in  178<>."  u  A  method 
has  of  late  years  been  introduced  at  Jionen  of  applying  a  coat  of  zinc 


1  Memoirs  of  the  American  Acudemv.  7  Dumas,  Tr.  do  ('him.  uppliquee  aux 
NVw  Sen\*.  8.    1800.  Arts,  :t.  p.  218.  1881. 

1  lk-rat-liua.  Tr.  2.  p.  620.  H  4.  |>.  177.    Quoted  from  Jouru.  do 

-  Ann.  d<-  Chim.  «t  d«-  Phya.  00.  p.  AS.\.    Phys  Decem.  1778. 
1835.  1 
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upon  hammered  saucepans.  The  vessels  are  first  made  very  bright,  so 
that  not  a  black  speck  can  bo  seen ;  they  are  then  rubbed  with  a 
solution  of  sal-ammoniac  and  afterwards  dipped  into  an  iron  pot  full  of 
melted  zinc,  and,  being  taken  out,  the  zinc  is  found  to  cover  the 
surface  of  the  iron  ;  and  if  a  thicker  coat  of  zinc  is  wanted,  it  may  bo 
obtained  by  dipping  the  vessel  a  second  time.  This  kind  of  covering 
is  so  hard  that  the  vessels  may  be  scoured  with  sand  without  its  being 
rubbed  off."  Yet  a  patent  was  granted  for  this  process  in  1837,9  and 
another  in  1841,1  the  only  difference  being  that  in  the  last  the  surface 
was  first  coated  with  tin  or  its  alloys  in  the  ordinary  manner.  Liti- 
gation,  as  was  to  bo  expected,  occurred,  and  the  chief  gainers  were,  as 
usual,  the  lawyers.  It  deserves  to  be  noted  that  Dumas  in  1831  ex- 
pressed the  opinion  that  there  was  "  little  probability  that  this  variety 
of  tin-plate  should  have  useful  applications."  But  he  adds  it  may  be 
44  possible  that,  by  substituting  an  alloy  of  zinc  and  tin  for  pure  zinc, 
one  might  arrive  at  good  results."'  The  prediction  has  proved 
singularly  infelicitous. 

•  Iron,  Copper,  and  Zinc/ 

In  1779  a  patent,  which  now  deserves  particular  attention,  was 
granted  to  William  Keir:  its  title  is  for  44  A  compound  metal  capable 
of  being  forged  when  red  hot  or  when  cold,  more  fit  for  the  making  of 
bolts,  nails,  and  sheathing  for  ships  than  any  metals  heretofore  used  or 
applied  for  those  purposes,  and  also  for  various  other  purposes  where 
other  metals  have  been  used  or  applied."4  This  alloy  is  made  by 
combining  together  44  100  parts  by  weight  of  copper,  75  pails  of  zinc 
or  spelter,  and  10  parts  of  iron."  It  is  directed  that  the  iron  and 
copper  should  bo  first  melted  together  in  the  presence  of  charcoal, 
and  pounded  glass  or  other  fluxes,  and  that  then  the  zinc  should  bo 
added  by  degrees.  Supposing  no  loss  to  occur,  the  alloy  would  con- 
sist of  54-05  70  °f  copper,  40*54 °/t,  of  zinc,  and  5*40  °/0  of  iron,  i.e.  it 
may  bo  regarded  as  Muntz's  metal  in  which  about  5  %  of  the  copper 
is  replaced  by  the  same  weight  of  iron. 

A  patent  for  an  alloy  nearly  identical  with  that  of  Keir  was 
granted  in  1800,  founded  on  a  communication  by  Johann  Aich,  officer 
in  tho  Imperial  Marine,  Venice.5  The  alloy  is  commonly  known,  at 
least  in  Germany,  as  Aich  metal.  If  properly  made,  it  may  lx> 
worked  both  in  a  hot  and  cold  state.  At  a  red  heat  it  is  described 
as  being  malleable  like  the  best  wrought  iron,  and  may  bo  hammered, 
rolled,  stamped,  drawn  into  wire,  wrought  into  any  shape,  or  cast 


•  To  Henry  William  Craufurtl.  A.D. 
1837.  April  29.    No.  7355. 

1  To  Edmund  Morewood.  A.D.  1841, 
Aug.  27.    No.  91)55. 

2  Op.  cit. 

3  It  will,  probably,  be  thougbt  that  the 
following  description  in  out  of  place  in 
this  volume,  and  I  admit,  with  some 
reason.  Hut  if  the  important*  of  a.  me- 
tallic constituent  of  an  alloy  is  to  be 


judged  by  its  effect,  and  not  by  its  quan- 
tity, then  the  alloy  in  question  may  bo 
here  considered,  as  it  owes  its  peculiar 
properties  to  the  presence  of  a  small  pro- 
portion of  iron. 

4  A.D.  1779,  December  10.    No.  1240. 

1  A.D.  1800,  Feb.  3.  No.  278.  "  Im- 
provements in  Amalgamating  Metals  or 
producing  Alloys." 
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into  moulds.  Experience  has  demonstrated  that  the  best  proportions 
in  100  lbs.  of  the  alloy  are  GO  lbs.  of  copper,  .'J  8  lbs.  2  ozs.  of  zinc,  and 
1  lb.  8  ozs.  of  iron.  While  the  proportion  of  copper  is  constant,  the 
zinc  may  be  increased  to  44 °A,  and  the  iron  reduced  to  0*5 °A  or 
raised  to  3  °/c-  This  alloy  is  recommended  on  account  of  its  cheap- 
ness as  a  substitute  for  copper  and  brass  in  shipbuilding  and  sheath- 
ing; it  is  much  stronger  than  copper,  and  is  said  to  resist  the  action 
of  sea  water  satisfactorily.  The  Aich  metal,  it  will  be  perceived,  con- 
tains at  its  maximum  about  2  %  !*■  of  iron  than  Keir's  alloy  ;  but 
the  proportions  which  Keir  gives  are  those  to  be  employed  in  making 
his  alloy,  whereas  those  given  by  Aich  should  exist  in  the  alloy  when 
made.  Aich  particularly  states  that  "an  overplus  of  one  or  other  of  the 
metals  (and  especially  zinc)  must  be  added,  as.  through  oxidation  and 
sublimation,  certain  portions  thereof  will  inevitably  be  lost  during 
the  process  of  fusion.*'  1  should  be  surprised  if,  even  according  to  th<« 
present  patent  law,  Aich  could  establish  his  patent  in  the  face  of  the 
oM  patent  of  Keir. 

Very  similar  alloys  to  this  havo  been  introduced  by  Baron 
Kosthorn  at  Vienna  under  the  name  of  stenv-metal,  from  the  Greek 
word  signifying  44  firm,"  which  are  stated  to  possess  very  valuable 
qualities,  and  which  closely  approximate  in  composition  to  that  so 
long  a£0  patented  by  Keir.  They  differ,  however,  from  the  latter  in 
containing  less  iron  and  a  small  proportion  of  tin.  The  Itoron  has 
supplied  me  with  copious  information  respecting  his  alloys,  which  ho 
recommends  for  ordnance  and  all  purposes  where  great  resistance  to 
friction  is  needed.  ITiey  are  composed  of  f>0  parts  by  weight  of 
copper,  from  34  to  44  of  zinc,  from  2  to  4  of  iron,  and  from  1  to  2  of 
tin.  The  directions  for  making  them  are  as  follow: — The  iron,  which 
must  be  malleable  iron,  is  put  at  the  bottom  of  a  crucible  with  tho 
copper  upon  it,  and  then  exposed  to  a  very  high  temperature.  It  is 
thus  completely  taken  up  by  the  copper,  and  when  the  whole  is  fused 
tht*  tin  is  added  and  afterwards  the  zinc.  The  melted  metal  is  to  be 
Mined,  left  for  a  minute  or  two,  stirred  again,  and  east.  Two 
qualities  of  alloy  are  made,  one  designated  soft  and  the  other  hard  ; 
the  former  is  more  ductile  when  cold,  and  fitter  for  being  worked  into 
sheets  and  wire,  and  the  latter  is  suitable  for  ordnance. 

Baron  de  Kosthorn  has  presented  me  with  a  series  of  the  identical 
sjiecimens  of  the  harder  alloys,  of  which  tho  tensile  strength  has  been 
actually  determined.  They  are  brass-yellow  in  colour  ;  their  fracture 
n  fine  and  close  in  grain,  and  free  from  all  appearance  of  porosity  ; 
and  they  are  susceptible  of  a  fine  polish.  It  is  stated  that  they  are 
now  exclusively  used  by  Vienna  engineers  for  the  pumps  of  hydraulic 
presses.  Their  tensile  strength  under  different  conditions  of  treat- 
ment has  been  accurately  determined  at  tho  Polytechnic  Institution  at 
Vienna ;  and  the  official  record  of  these  results  is  now  presented  in  a 
tabular  form  precisely  as  I  received  it.  The  results  of  comparative 
trials  with  gun-metal  or  bronze  are  also  given  in  this  statement. 
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Record  of  the  Experiments  on  the  Tensile  Strength  of  bars  of  Sterro-metal  as  Oun- 
metal  in  the  Polytechnic  Institution,  Vienna,  in  the  pnwncf  of  Comn»i>dore 
Huron  Wiillerstorf;  Artillery  Col.  fie  Paradis;  Mr.  Druun,  Director  of  Mr.  Dinglefs 
Machine  Factory;  Mr.  Christian  Starke,  the  Superintendent;  ami  Mr.  Oustavus 
Starke,  the  Assistant  of  the  workshops  of  the  Institution.  Dated  October  12,  1801. 
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Observations.— The  bars  subjected  to  trial  were  not  quadrangular,  but  cylin- 
drical, having  been  turned  in  the  lathe,  and  their  respective  diameters  were  deter- 
mined by  the  aid  of  a  microscopic  apparatus. 

In  order  to  obtain  accurate  comparative  results  fi»r  both  sterro-metal  and  bronze, 
the.  same  wiitH  of  materials,  viz.  Baltimore  copp.  r  and  good  English  tin.  were  used. 
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The  tensile  strength  of  a  hard  variety  of  these  alloys  has  also  been 
ascertained  at  the  Imperial  Arsenal  at  Vienna.  The  sample  operated 
on  was  prepared  under  identically  the  sanio  conditions  and  with  tho 
same  qualities  of  component  metals  as  another  tested  at  the  Poly- 
technic Institution.  The  results  confirm  tho  accuracy  of  those  ob- 
tained at  the  last  establishment,  and  are  as  follow : 

Tensile  strength  after  simple  fusion,  28  English  tons  to  the  Eng- 
lish square  inch  of  sectional  area  ;  after  forging  at  a  red  heat,  32  tons  ; 
drawn  cold  and  reduced  from  100  to  77  of  sectional  area,  37  tons. 

Analyses  of  the  alloy  thus  tested  were  made  in  the  laboratories  of 
the  Polytechnic  Institution  and  Imperial  Mint  respectively,  and  the 
results  are  as  under  : 

L  2. 

Copper   55  04    57*03 

Zinc   42*86    40-22 

Iron    1-77    I'M 

Tin    0*83    015 


100  00  00-80 


Experience  has  proved  that  the  proportion  of  zinc  may  vary  from 
38  to  42  per  cent,  without  materially  affecting  tho  quality  of  the  alloy. 
The  specific  gravity  of  the  forged  metal  was  8-37,  and  that  of  the  same 
metal  drawn  cold  into  wire  8*40.  The  hardness  of  the  cast  metal 
somewhat  exceeds  that  of  ordinary  gun-metal,  and  is  augmented  by 
forging.  The  great  tensile  strength  of  the  sterro-metal  is  remarkable. 
But  this  alloy  possesses  another  quality,  which,  in  reference  to  its 
application  for  guns,  is  regarded  as  more  important  even  than  its  high 
tenacity,  namely,  great  elasticity.  It  is  not  permanently  elongated 
until  stretched  beyond  ¥£0  of  its  length;  and  within  that  limit  it  is 
perfectly  clastic,  recovering  its  original  form  after  tho  stretching  force 
is  withdrawn.  Field  guns,  from  4  to  12  pounders,  have  been  worked 
out  of  single  pieces  under  the  hydraulic  press,  whereby  expensive 
forging  is  avoided ;  and  reliable  experiments  have  demonstrated  that 
after  this  treatment  the  metal  has  precisely  the  same  properties  and 
the  same  tensile  strength  as  bars  of  it  drawn  out  under  the  steam- 
ham 


UKT 


Sterro-metal  was  accidentally  discovered  in  attempting  to  apply 
the  ferriferous  alloy  of  zinc,  obtained  in  the  process  of  44  galvanizing 
iron,"  to  the  preparation  of  brass.  It  has  been  made  the  subject  of 
careful  experiment  at  the  Arsenal  at  Woolwich,  and  the  results  there 
obtained  confirm  the  correctness  of  the  preceding  statements. 

An  alloy,  consisting  of  80  %  of  zinc,  10%  of  copper,  and  10%  of 
iron,  has  been  proposed  by  M.  Sorel  under  the  namo  of  umxiilizable  cast- 
iron  or  white  brass.7  It  is  reported  to  have  the  fracture  and  appearance 
of  common  zinc,  to  equal  copper  and  iron  in  hardness,  to  bo  more 
tenacious  than  soft  cast-iron,  to  be  susceptible  of  turning,  filing,  and 


6  An  account  of  those  results  appeared 
in  The  Tim**,  Dec.  12,  1MJ2.  ami  Feb.  3, 

1863. 


7  Ann.  des  Mines,  3.  ».  17.  p.  017. 
IS  10. 


Digitized  by  Google 


160 


ALLOYS  OF  IRON 


tapping  as  well  as  these  metals,  not  to  adhere  to  metallic  moulds  in 
which  it  is  cast,  and  to  keep  in  moist  air  without  rusting  at  all  or 
losing  its  metallic  lustre  in  the  least  degree.  It  may  be  very  easily 
bronzed,  whether  by  metallic  precipitation,  or  by  setting  free  the 
copper  which  it  contains ;  and  it  is,  therefore,  recommended  as  well 
adapted  for  statues,  or  other  ornamental  objects  which  are  to  be  ex- 
posed to  the  atmosphere.  It  is  prepared  by  melting  together  with 
suitable  precautions  zinc,  copper,  and  cast-iron.  According  to  the 
composition  stated  above  it  contains  iron,  and  not  cast-iron.  This 
point  is  not  very  clear. 

Iron  and  Manganese. 

Wo  have  already  considered  carburized  alloys  of  iron  and  man- 
ganese, but  the  presence  of  carbon,  it  need  hardly  be  remarked,  may 
be  expected  to  modify  the  properties  of  any  alloy  in  a  material  degree. 
With  regard  to  alloys  of  pure  iron  and  pure  manganese,  I  do  not 
know  whether  anything  satisfactory  has  been  published :  I  have  met 
with  nothing  of  the  kind. 

Iron  and  Tjn. 

The  affinity  of  iron  for  tin  is  well  exemplified  in  common  tin-plate, 
which  is  nothing  moro  than  sheet-iron  firmly  coated  with  tin  by 
simplo  immersion  under  suitable  conditions  in  a  bath  of  molten 
tin.    The  tin  thus  strongly  adheres  to  the  surface  of  the  iron.  An 
alloy  of  iron  and  tin,  or  of  iron,  tin,  and  arsenic,  is  produced  in  the 
usual  process  of  tin-smelting.    Borthier  has  specially  described  the 
two  following  alloys.     One  contains  35*1%  °f  t*ni  which  agrees 
with  the  formula  Fe48n ;  it  is  iron  grey,  crystalline,  and  so  brittle 
as  to  admit  of  being  reduced  to  impalpable  powder.     The  other 
contains  50%  of  tin,  melts  at  50°  (Wedgwoods  pyrometer),  is 
greyish  white,  very  brittle,  and  granular  in  fracture.    The  first  of 
these   alloys  has   been  examined  in  my  laboratory :  it  was  made 
by  melting  together  at  a  white  heat  1120  grs.  of  thin  sheet-iron,  and 
590  of  tin.    The  alloy  was  hard  and  brittle,  and  its  fracture  was 
light-grey  in  colour,  crystalline,  presenting  small  planes  set  at  vary- 
ing angles;  each  plane  was  finely  granular,  producing  dulness  of 
lustre,  just  as  is  the  case  with  zinc  containing  much  iron.    It  was  mag- 
netic.   Hydrochloric  acid,  without  the  aid  of  heat,  acted  feebly  upon 
it  ;   and  nitric   acid   acted  vigorously  at   first,  but  soon  ceased. 
Devillo  and  Caron  have  described  an  alloy  of  the  formula  FeSn  ;  it. 
crystallized  out  from  solution  in  excess  of  tin  in  broad  laminae,  and 
was  only  feebly  attacked  by  hydrochloric  acid.8    Nollner  has  de- 
scribed an  alloy  of  the  formula  FeSn*,  crystallized  in  small  four-sided 
prisms.    In  dissolving  East  Indian  tin  in  hydrochloric  acid,  there  was 
an  insoluble  residue,  and  in  this  the  crystals  were  found.    The  alloy 
had  a  specific  gravity  of  7*446 ;  it  was  nearly  insoluble  in  nitric  ancL 

'  .Iahr.  H-B»  ricl.t,  u.  185S.  p.  190. 
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hydrochloric  acids,  but  readily  soluble  in  nitro-hydrochloric  acid  ; 
when  thrown  into  the  flame  of  a  candle,  it  burned  with  scintillation 
and  white  smoke  ;  it  fused  at  a  white  heat,  and  the  solidified  crystalline 

Of 

mass  was  magnetic,  though  it  is  stated  the  original  crystals  were  not.* 
Tin  and  iron  may  be  melted  together  in  all  proportions,  forming  ap- 
parently homogeneous  alloys ;  but  when  an  alloy  containing  sensibly 
more  than  the  third  of  its  weight  of  tin  is  heated  gently  at  or  slightly 
above  the  melting-point  of  tin,  liquation  of  tin  occurs  until  the  more 
or  less  definite  alloy  Fe4Sn  is  loft.  The  liquated  tin,  however,  carries 
away  some  iron. 

Karsten  observed  the  effect  of  adding  1  %  of  the  purest  English  tin 
to  a  charge  of  cast-iron  during  the  process  of  conversion  into  malleable 
iron  in  the  charcoal  hearth.  The  iron  obtained  was  not  exactly  red- 
short,  as  it  worked  very  well  under  the  hammer;  but,  at  a  white-heat, 
white  vapours  escaped,  which  condensed  as  a  white  de]K>sit  upon  the 
hammer  and  anvil.  At  a  strong  heat  the  iron  readily  fell  to  pieces 
tinder  the  hammer,  so  that  in  order  to  become  sound  several  weldinir- 
heats  were  necessary;  it  had  thus  lost  greatly  in  weldability,  and  was 
in  a  high  degreo  cold-short.  Not  a  single  bar  stood  tho  usual  test,  but 
all  broke  immediately  into  several  pieces  when  struck  across  the  anvil. 
This  iron,  which  was  utterly  worthless,  was  found  by  analysis  to  yield 
only  0-19%  of  tin.' 

Mr.  Levick,  of  the  Blaina  Tron-works,  has  communicated  to  me 
the  following  results  of  experiments  on  attempts  to  harden  the  tops  of 
rails  with  tin,  according  to  Stirling's  patent. 

u  From  lbs.  to  3  lbs.  of  block  tin  wore  added  to  each  puddler's 
charge  of  -tj  cwts.  of  pig-iron.  The  tin  was  put  in  immediately  the 
iron  was  all  melted.  It  did  not  seem  to  affect  the  process  of  puddling  ; 
bat  immediately  it  was  charged  it  produced  a  very  large  quantity  of 
white  smoke,  which  escaped  in  large  volumes  from  the  top  of  the 
stack  until  the  puddling  was  completed.  The  iron  would  not  stand 
the  same  amount  of  heat  in  balling  up  as  without  the  tin.  When 
shingled  under  tho  squeezer  it  fell  to  pieces  very  much,  and  was 
difficult  to  roll.  In  rolling  at  the  puddle-bar  rolls,  as  also  in  the  mill, 
the  workmen's  tongs  became  covered  with  a  white  deposit,  caused  by 
a  white  smoke  emitted  from  the  iron  during  rolling:  this  deposit  would 
easily  wipe  off,  or  be  washed  off  when  the  tongs  were  dipped  in  the 
water  bosh.  On  piling  and  reheating  the  puddle-bars  for  making  the 
slab  for  tho  tops  of  tho  rails,  tho  iron  would  not  stand  so  much  heat  as 
without  the  tin,  and  would  crumble  if  raised  to  the  ordinary  heat  and 
crack  in  rolling.  When  the  tin  hardened  slab  was  worked  in  the  rail 
pile,  great  care  was  required  to  get  it  to  weld ;  the  top  would  not  take 
the  heat  required  for  the  iron  in  the  rest  of  tho  pile.  Tho  puddle-bar 
was  very  brittle  and  crystalline,  but  tho  slab  rather  less  so  ;  and  by 
the  time  the  rail  was  finished  a  considerable  portion  of  the  tin  had 
forked  out,  and  it  was  with  difficulty  the  purely  crystalline  top  could 
lie  maintained." 

* 

■  Jahrea-Ikricht.  L.  u.  K  ,  I860,  p.  1P8.  '1.  p.  508. 
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Longmaid  has  patented  the  addition  of  tin  in  small  quantity  to  cast- 
iron  during  the  processes  of  refining  or  puddling.*  From  1  to  2  lbs. 
to  the  ton  of  iron  is  preferred,  and  in  no  case  should  the  amount  exceed 
4  lbs. ;  for,  then,  the  iron  would  be  rendered  hard  and  brittle.  The 
patentee  declares  that  "  by  using  the  minute  quantity  above  mentioned, 
increased  hardness  and  strength  is  obtained  to  the  iron  without  im- 
proving [impairing  ?)  its  tenacity  "  (sic).  Hie  language  of  our  modern 
specifications  is  frequently  disgraceful  to  the  scribe ;  and  of  this  the 
sentence  just  quoted  is  an  example. 

Faraday  and  Stodart  in  their  paper  on  the  alloys  of  steel  simply 
observe  that  M  steel  also  alloys  with  tin,"  and  they  express  their 
doubts  of  tho  value  of  this  alloy.3 

Kinmann  made  numerous  experiments  on  alloying  cast-iron  and 
tin  together.  With  of  tin  tho  molten  metal  flowed  as  thin  as 
water ;  it  was  very  brittle  and  hard,  light-grey  in  fracture,  and  as 
dense  as  the  finest  cast-steel ;  it  was  attracted  by  the  magnet  like  pure 
iron.  Kinmann  calls  attention  to  the  fact  that  this  alloy  did  not  rust, 
although  left,  for  more  than  a  year  in  a  damp  place.  On  this  account 
he  considered  it  suitable  for  ornaments  and  mirrors,  especially  as  it 
melted  more  easily  than  cast-iron,  ran  thin,  and  took  an  exact  impres- 
sion of  the  mould,  had  a  whiter  colour  than  cast-iron,  was  extremely 
compact  in  structure,  took  a  beautiful  polish,  and  did  not  in  the  least 
degree  discolour  the  hands  or  linen  by  friction.  It  gave  as  good  a  tone 
as  bell-metal  ;  he  actually  cast  a  bell  in  sand  from  ca.st-iron,  to 
which  a  little  tin  had  been  added  ;  and  although  the  experiment  was 
not  perfectly  successful,  he  was  satisfied  of  improving  the  tone  of  iron 
by  admixture  with  tin.  In  the  Great  International  Exhibition  of  18M 
was  a  largo  bell  of  cast-iron  stated  to  be  alloyed  with  a  small  proportion 
of  tin. 

Mr.  Denison  has  favoured  me  with  the  following  remarks  concerning 
this  bell :— "  The  bell  of  'Stirling's  Union  Metal'  in  the  Exhibition  of 
1851  was  of  nearly  hemispherical  form,  about  4$  ft.  in  diameter,  and 
much  thinner  than  bells  of  tho  usual  shape  and  equal  diameter,  or  even 
smaller  ones  of  equal  weight.  Its  sound  was  inferior  in  quality  to 
bell  metal  either  in  the  same  form  or  in  the  usual  form  of  bells ;  and  it 
required  a  very  much  stronger  blow  to  bring  out  the  sound.  It  was 
at  last  broken  by  ringing  it  with  a  sledge  hammer/' 

It  was  exhibited  by  the  late  Monies  Stirling,  who  had  included 
this  alloy  in  a  patent.*  A  small  hand-bell  of  tho  same  alloy  is  in 
the  metallurgical  collection  in  tho  Museum  of  Practical  Geology. 
I  have  cast  a  small  bell  with  white  cast-iron  melted  with  5  °L  of  tin : 
tho  tone  seems  pretty  good,  but  is  more  shrill,  and  very  much  inferior 
in  quality  of  sound  to  a  bell  of  the  same  dimensions  composed  of 
copper  alloyed  with  24°/0  of  tin.  With  20%  of  tin,  the  alloy  was 
similar  to  the  last,  but  whiter  and  somewhat  harder.  The  quality  of 
the  cast-iron  is  not  stated,  though  it  was,  probably,  white,  as  in  other  "j 

-  A.I).  1861,  No.  18G3.  3  Quarterly  Journ.  ante  cit,  p.  329. 

*  A. P.  1818.  No.  12,288. 
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experiments  grey  cast-iron  is  specially  mentioned.  Equal  weights  of 
grey  cast-iron  and  tin  melted  together  did  not  properly  unite  ;  for 
the  former  lay  as  a  button  on  the  latter,  from  which  it  could  be 
detached  by  the  hammer.  A  similar  result  was  obtained  by  melting 
cast-iron  with  twice  its  weight  of  tin.  A  mixture  of  3  parts  by  weight 
of  cast-iron  and  10  of  tin  gave  a  button  which  seemed  pretty  homo- 
geneous ;  it  was  semi-malleable,  and  in  fracture  resembled  somewhat 
coarse  cast-steel;  small  shots  of  iron  were  disseminated  through  the 
mass.  Cast-iron  melted  with  10  times  its  weight  of  tin  gave  an  appa- 
rently uniform  alloy,  which  could  bo  beaten  out  into  thin  sheet;  but 
it  still  contained  numerous  shots  of  cast-iron.  In  experiments  at  Liege 
it  was  found  that  the  addition  of  from  2  %  to  5  %  °f  t,n  to  cast-iron 
produced  a  homogeneous,  very  hard,  fragile  metal,  of  little  tenacity.' 

Eyferth  has  experimented  on  the  action  of  tin  on  cast  iron.*  Ac- 
cording to  this  observer,  if  25  of  %  tin  is  added  to,  and  stirred  with, 
molten  grey  cast-iron,  the  whole  of  the  dissolved  y  L e.  uncombined  or 
graphitic,  carbon  rises  to  the  surface  in  tho  state  of  very  light  and 
bulky  graphite.  An  alloy  is  thus  formed  which  is  very  liquid  and 
tenacious,  though  brittle,  and  resembling  in  fracture  alloys  of  lead 
with  antimony  and  arsenic.  After  pouring  out  the  alloy,  an  asto- 
nishing amount  of  graphite  will  remain  in  the  vessel,  and  at  the 
bottom  there  will  be  found  another  more  stanniferous  alloy,  mostly 
covered  on  tho  surface  with  an  adherent  layer  of  very  fine  graphite 
powder :  this  alloy  is  softer  than  the  preceding,  yet  quite  as  brittle, 
but  brighter  in  fracture.  When  the  operation  is  performed  in  a 
crucible,  and  this,  after  the  introduction  of  tho  tin  and  repeated 
stirring,  is  kept  hot  for  some  time,  both  alloys  unite  with  the  sepa- 
ration of  silicon  into  one  extremely  liquid  alloy,  which  after  pouring 
out  often  ejects  flocks  of  silica,  and  in  fracture  resembles  tho  most  com- 
pact cast-steel.  It  appears  that  the  tin  displaces  only  the  uncombined 
or  graphitic  carbon,  and  that  the  whole  of  the  combined  carlxm  is 
retained  in  the  stanniferous  alloy.  By  the  addition  of  about  10  7  of 
tin,  the  uncombined  carbon  is  only  partially  expelled  ;  and  the  alloy, 
which  is  very  liquid,  can  hardly  be  distinguished  in  fracture  from 
bright-grey  cast-iron ;  it  may  be  filed,  and  is  susceptible  of  hardening 
like  ordinary  steel.  However,  by  very  slow  cooling,  white-iron  con- 
taining  clusters  of  graphite  scales  is  produced.  When  tin  is  added  to 
molten  white  cast-iron,  not  a  trace  of  carbon  separates  ;  but  Eyferth 
has  made  only  a  few  experiments  on  this  point. 

[ron  and  Titanium. 

It  is  only  recently  that  we  have  had  accurate  information  concern- 
ing metallic  titanium,  and  for  this  wo  are  indebted  to  tho  trustworthy 
and  indefatigable  Wohler.7  Prepared  by  reducing  tho  fluo-titanato  of 
potash  by  potassium,  it  is  an  amorphous  grey  powder,  resembling  iron 


»  Ann.  de*  Mine*,  3  ser.  3.  p.  233.  1833.  I  *  Ann.  de  Chim.  et  d»-  Phyp.  :i.  s.  29.  p. 
1  Jfthm-Bericbt,  Warner,  1861,  p.  22.   |  181.  1850. 
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reduced  by  hydrogen  at  a  low  temperature.  Magnified  200  times,  it 
appears  in  fritted  masses,  having  tho  colour  of  iron  and  a  metallic 
lustre.  Heated  in  the  air,  it  bums  with  lively  scintillation.  The 
smallest  particle  of  the  metal  projected  into  a  flame  produces  a  brilliant 
starlike  spark.  Heated  in  oxygen  it  occasions  an  instantaneous 
dazzling  flame  like  lightning,  titanic  acid  (TiO4)  being  tho  result. 
Wohler  expresses  his  belief  that  there  is  no  other  body  which  burns  so 
energetically  in  oxygen-gas.  It  decomposes  water  at  100°  C.  feebly. 
Wohler  disbelieves  in  the  so-called  brass-yellow  or  copper-coloured 
titanium  described  by  Berthier,  Laugier,  and  others,  and  obtained  Ly 
reducing  titanic  acid  in  brasqued  crucibles  in  a  smith's  fire,  except  it 
should  be  established  that  there  are  two  different  allotropic  states  of 
this  metal.  At  high  temperatures  it  combines  not  only  with  oxygen, 
but  also  with  nitrogen,  and,  even  in  this  gas,  remarkable  to  say,  com- 
bination is  attended  with  the  evolution  of  heat  and  light."  Wohler  has 
described  three  nitrides  of  the  formula)  TiN,  TiaN*,  Ti8M.  There  is 
also  a  fourth,  of  tho  formula  Ti3X,  which  has  not  been  isolated,  and 
which  is  supposed  to  exist  in  tho  compound  occurring  in  blast  fur- 
naces, to  be  presently  mentioned.  The  nitrides  of  tho  formulae  Ti*N" 
and  Ti'N"  may,  according  to  Wohler,  be  represented  by  the  formuhe 
2TiN  -f  TiaN  and  STiN  +Ti8N,  respectively. 

Titanium,  as  will  be  hereafter  shown,  is  frequently  present  in 
small  quantity  in  the  iron  ores  smelted  in  this  country  ;  and  a  remark- 
able compound  of  titahium  in  copper-coloured  cubical  crystals  occurs 
in  tho  ferruginous  nuiss  or  44  bear,"  which  accumulates  on  the  bottom 
of  tho  hearth  of  tho  blast-furnaces.  Wohler  first  ascertained  that  it  is 
a  cyano-nitride  of  titanium,  of  the  formula  TiCy-f-  3Ti'X.  9  Wollaston 
had  long  previously  examined  it  and  pronounced  it  pure  titanium. 
According  to  Karstcn  traces  of  titanium  exist  in  very  many  varieties 
of  cast-iron ;  but  it  is  questionable  whether  in  such  cases  the  metal 
be  actuallv  alloyed  with,  or  dissolved  in,  the  iron,  and  whether  it 
b©  not  in  tho  state  of  mechanically  diffused  cyano-nitride.  In  the  iron 
constituting  the  11  bear  n  it  may  exist  in  a  very  finely  divided  state,  as 
may  bo  proved  by  the  action  of  acids  upon  a  titaniferous  *'  bear/* 
which  dissolve  tho  iron  and  leavo  the  titanium  compound. 

Faraday  and  Stodart  failed  in  their  attempts  to  introduce  titanium 
into  stool.  A  mixture  of  steel-filings  and  oxide  of  titanium  (TiO*), 
with  a  little  charcoal,  was  intensely  heated,  when  the  steel  fused,  and 
ran  into  a  fine  globule  which  was  covered  with  a  fine  glass,  adhering 
to  tho  sides  of  the  crucible  :  the  steel  contained  no  titanium.  Tho 
temperature  employed  was  sufficient  to  soften  and  almost  liquefy  the 
crucibles  in  fifteen  minutes.'  In  one  experiment  menachanite  was 
used  :  the  button  contained  44  not  an  atom  of  titanium  it,  however, 
received  a  fine  damask  surface.* 


9  Recherchea  aur  to  Titane  et  ann 
aftlnite  apeciale  pour  1' Azote.  Tar  MM. 
F.  Wohler  et  H.  Rainte  Claire  Dcville. 
Ann.  de  Chim.  et  de  Plivs.  3.  h.  52.  p.  02. 
1858. 


9  Ann.  de  Chim.  et  de  Phys.  3.  8  2U. 
p.  1G0.  18">0. 

1  Quarterly  Journ.  ante  cit.  p.  322. 
*  Phil.  Trana.  ante  cit.  p.  267. 
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Karsten  states  that  traces  of  titanium  occur  in  veiy  many  kinds  of 
cast-iron.'  Mr.  iiiley  has  of  late  been  actively  engaged  in  searching 
fur  titanium,  and  he  has  succeeded  in  finding  it,  especially  in  fire 
clays;  he  has  failed  to  detect  it  in  many  specimens  of  malleable  iron 
and  cast  iron  in  which  its  presence  was  suspected,  but  quito  recently 
he. has  discovered  it  in  sensible  quantity  in  certain  varieties  of  the 
latter. 

The  following  experiment  has  been  made  by  Mr.  Hoehstatter  in  my 
laboratory.   Of  nearly  pure  artificially  prepared  sesqnioxido  of  iron 
125  grains  were  mixed  intimately  with  127  grains  of  powdered  mtile 
(TiO1),  and  the  mixture  was  exposed  in  a  covered  brasqued  crucible 
during  1  j  hour  to  a  white  heat.    The  product  was  partly  fused  and 
partly  fritted.    The  external  surface  was  copper-red  in  colour.  The 
whole  was  reheated  to  whiteness  during  1^  hour  in  a  covered  brasqued 
crucible,  with  the  addition  of  40  grains  of  lime  and  00  grains  of  plate 
glass.   This  second  product  was  impeifectly  melted,  but  contained 
numerous  globules  of  metal  diffused.    These  were  greyish  white  in 
fracture,  only  slightly  malleable,  and  strongly  magnetic.  They  dissolved 
slowly  in  boiling  hydrochloric  acid,  with  the  exception  of  a  little  black 
residue,  which  disappeared  completely  by  ignition  in  contact  with  air. 
No  trace  of  titanium  was  detected  in  the  globules  by  precipitating  the 
solution  of  tLiem  in  nitrohydrochloric  acid  by  ammonia,  rcdissolving 
the  precipitate  in  cold  sulphuric  acid,  subsequently  boiling  the  solu- 
tion thus  obtained  during  a  long  time,  when  not  the  slightest  preci- 
pitate appeared,  as  would  have  been  the  case  if  titanium  had  been 
present  in  sensible  quantity. 

During  the  period  comprised  between  March,  1850,  and  December, 
WS1,  not  fewer  than  thirteen  patents  have  been  granted  to  Mr.  Robert 
-Mushet  for  alleged  improvements  in  the  manufacture  of  iron  and  steel, 
a°d  in  all  the  application  of  titanium  plays  the  chief  part.  To  wade 
through  such  a  mass  of  printed  matter  is,  as  may  well  be  conceived,  a 
rather  tiresome  operation.  In  the  first  patent*  the  use  of  titanium  is 
claimed  in  alloy  with  cast- steel ;  and  in  the  second*  the  direct  produc- 
tion of  titaniferous  steel  by  melting  together  malleable  iron,  chat  coal, 
and  certain  titaniferous  matters.  In  the  third  patent*  the  claim  is  as 
follows:  44  The  essence  of  my  invention  consists  in  melting  blister- 
6teel,  bar  or  puddled  steel,  or  scrap-steel,  or  mixtures  of  theso  vari- 
eties of  Bteel,  or  a  mixture  of  malleable  iron  and  carbonaceous  matter 
Bach  proportions  as  will  produce  steel,  or  any  material  or  mixture 
°f  materials  which,  when  melted,  produces  cast-steel  with  New 
Zealand  or  other  iserino,  or  titaniferous  iron  sand  and  carbonaceous 
matter,  or  adding  the  said  titaniferous  iron-sand  and  carbonaceous 
matter  to  the  steel,  or  to  the  mixture  of  malleable  iron  and  carbon- 
aceous matter,  or  to  the  steel-producing  materials,  which  it  is  intended 
to  melt  into  cast-steel  during  the  melting  of  the  said  steel,  or  the  said 


1  1.  p.  534. 

4  A.I),  im,  March,  No.  703. 
*  A  D.  1859,  May,  No.  1115. 
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malleable  iron  and  carbonaceous  matter,  or  the  said  steel-producing 
materials,  or  after  the  said  steel  or  malleable  iron  aud  carbonaceous 
matter,  or  the  said  steel-producing  materials,  are  melted  and  reduced 
to  a  liquid  state  ;  and,  lastly,  in  adding  to  highly  carbonized  steel  New 
Zealand  or  other  iserine,  or  titaniferous  iron-sand,  without  additional 
admixture  of  carbonaceous  matter,  and  melting:  the  said  highly  car- 
bonized  steel  and  the  titaniferous  iron-sand  together  in  a  melting-pot 
or  crucible.  In  this  case  the  excess  of  carbon  contained  in  the  said 
highly  carl)onized  steel  suffices,  in  place  of  any  further  addition  of 
carbonaceous  matter,  to  reduce  the  iserine  or  titaniferous  iron-sand, 
either  partially  or  wholly,  to  the  metallic  state." 

The  title  of  the  fourth  patent  is  "  An  Improvement  or  Improve- 
ments in  the  Manufacture  of  an  Alloy  or  Alloys  of  Titanium  and  Iron."7 
The  patentee  states  that  the  essence  of  his  invention  consists  in  ob- 
taining from  iserine  or  titaniferous  iron-sand  an  alloy  or  alloys  of 
titanium  and  iron  by  smelting  this  mineral,  after  previous  admixture 
with  certain  resinous  or  bituminous  matters  in  a  blast-furnace  or  cupola 
by  preference  supplied  with  hotblast.  The  reduced  metal,  it  is 
alleged,  is  an  alloy  of  iron  and  titanium,  containing  also  carbon. 
Charcoal  is  recommended  as  the  fuel  when  the  metal  is  intended  to  be 
used  for  alloying  cast-steel. 

The  fifth  patent  '  has  the  same  title  as  the  fourth,  and  the  essence 
of  the  invention  "consists  in  smelting  the  compound  ores  of  titanium, 
termed  by  mineralogists  ilraenites,  and  commonly  called  titaniferous 
iron  ores,  or  iron  ores  rich  in  titanium,"  with  a  view  to  obtain  a 
titaniferous  alloy  of  iron,  containing  also  carbon. 

The  sixth  patent9  is  for  "improvements"  on  former  patents  con- 
cerning the  application  of  titanium  to  cast-steel. 

The  seventh  patent1  is  for  44  improving  the  quality  of  such  malle- 
able iron,  semi  steel,  or  cast-steel,  as  are  manufactured  by  passing  or 
forcing  air  through  pig-iron  or  cast-iron  "  while  in  a  molten  state. 
The  object  of  this  "invention"  was  clearly  to  prohibit  Bessemer  from 
adding  any  titaniferous  matter  to  the  molten  product,  whether  iron  or 
steel,  obtained  in  his  process. 

The  "  invention  "*  claimed  in  the  eighth  patent  is  stated  to  consist, 
11  firstly,  in  adding  to  steel,  or  to  any  mixture  of  materials  which  when 
melted  produces  cast-steel,  a  mixture  of  granulaled  pig-iron,  cast-iron, 
or  refined  iron,  and  pulverised  titanium  ore,  titaniferous  iron  ore, 
titanic  acid,  or  oxide  of  titanium,  and  melting  the  said  steel  or  steel- 
producing  materials  and  the  said  mixtuie  of  granulated  pig,  cast,  or 
refined  iron,  and  pulverised  titanium  ore,  acid,  or  oxide,  together  in 
the  said  melting-pot  or  crucible,  in  order  to  alloy  the  titanium  or  a 
portion  of  the  titanium  contained  in  the  said  titanium  ore,  acid,  or 
oxide  with  the  cast  steel  melted  from  the  steel  or  from  the  mixture  of 
steel-producing  materials  operated  upon,  so  as  to  produce  thereby  an 


"  A.D.  1SG0,  Dec.  8,  No.  3010. 
•  A.D.  1800,  Dee.  10,  No.  3030. 
"  A.D.  1800,  Dee.  12,  No.  3045. 


1  A.D.  1800,  Doc.  13,  No.  3070. 
:  A.D.  1801,  Jan.  21,  No.  163. 
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improved  quality  or  qualities  of  cast-steel ;"  and,  secondly,  44  in  adding 
to  steel,  or  to  any  mixture  of  materials  which  when  melted  produce 
cast-steel,  a  mixture  of  granular  pig,  cast,  or  refined  iron  and  metal- 
lized deoxidized  iluaenite  or  compound  ore  of  titanium  and  iron,  and 
melting  the  said  steel  or  the  said  steel-producing  materials,  and  the 
said  mixture  of  metallized  deoxidized  ilmenite  or  compound  ore  of 
titanium  and  iron,  and  granular  pig,  cast,  or  refined  iron  together  in 
a  melting-pot  or  crucible,  in  order  to  improve  the  quality  of  the  cast- 
steel  obtained." 

The  invention  specified  in  the  ninth3  patent  consists  essentially  in 
melting  spiegeleisen,  or  some  other  similar  compound,  with  cast-steel, 
especially  with  a  view  of  counteracting  red-shortness,  or  otherwise 
improving  the  quality.  The  patentee  includes  44  grey  "  spiegeleisen.4 
TliLs  is  probably  a  misnomer ;  for  if  it  were  grey,  it  would  cease  to 
be  spiegeleisen. 

In  the  tenth*  patent,  the  smelting  of  titaniferoua  ores  in  con- 
junction with  red.  haematite  is  claimed,  whereby  an  44  improved  titanic 
pig  metal "  is  produced,  which,  it  is  alleged,44  possesses  a  specific  excel- 
lence of  quality  and  a  Rpecific  adaptation  for  the  purpose  of  manu- 
facturing therefrom  first-class  steel  and  iron,  not  possessed  by  any 
other  alloy  of  titanium  and  iron  containing  also  carbon,"  so  far  as  the 
patentee  is  aware. 

In  the  eleventh*  patent  the  exclusive  right  is  conferred  of  manu- 
facturing a  triple  metallic  compound  or  alloy  of  iron,  titanium,  and 
manganese,  containing  also  carbon. 

In  the  twelfth7  patent  is  granted  the  exclusive  privilege  of  alloying 
cast-steel  or  44  homogeneous  iron  "  with  the  triple  alloy  specified  in 
the  last  patent.  This  alloy,  according  to  the  experience  of  the  patentee, 
usually  contains  a  little  silicon;  but  the  quantity  of  this  is  so  small 
^  not  to  prove  14  in  the  least  degree  hurtful  "  to  the  quality  of  the 
fctft-steel  or  homogeneous  iron  into  which  it  may  enter. 

The  essence  of  the  invention  in  the  last  or  thirteenth 1  patent  con- 
R»*te  in  adding  44  titanic  jug-metal  "  to  ordinary  pig-iron,  cast-iron,  or 
'efined  iron,  or  any  mixture  of  these,  in  a  puddling-furnace,  with  a 
v»ew  to  improve  the  quality  of  the  malleable  iron,  bar-iron,  or  puddled 
steel  which  may  be  produced  from  such  mixtures. 

If  the  faith  of  a  patentee  in  the  value  of  an  44  invention  "  is  to  bo 
Measured  by  the  number  of  patents  which  he  takes  out  in  order  to 
■ware  it  wholly  to  himself,  then  has  Mr.  Mushet  displayed  an  inordi- 
amount  of  this  Christian  virtue.  Thirteen  patents  to  one  man  for 
the  application  of  titanium  in  one  form  or  other  to  the  manufacture  of 
iron  and  steel  is  a  somewhat  remarkable  incident  even  in  the  annals 
"f  patentism  !  The  44  titanic  steel "  thus  appropriated  with  such 
J  iUnie  force  of  law  should,  indeed,  be  worth  something  to  Mr.  Mushet 
and  the  world.    Every  means  has  been  adopted  to  proclaim  its  unri- 


J  A.D.  1861,  Fvb.  23,  No.  473.  *  A.D.  1861,  Oct  22,  No.  2687. 

*  Specification,  p.  12.  7  A.I).  1X61,  Nov.  1,  No.  2744. 
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vailed  excellence  far  and  wide.  Newspapers  and  journals  have  been 
laid  under  contribution  with  this  view  ;  and  in  London,  Birmingham, 
and  elsewhere  articles  of  "  titanic  steel  "  have  been  profusely  displayed 
in  conspicuous  shops  with  largo  signboards.  This  is  all  right  and 
according  to  custom.  But,  it  may  be  asked,  has  the  public,  so  easily 
credulous  in  most  things,  yet  shown  its  appreciation  of  this  important 
metallurgical  invention  ?  Some  analytical  chemists  of  skill  and  repute 
declare  that  they  have  examined  specimens  of  "  titanic  steel"  without 
being  able  to  detect  any  titanium  in  it.  Titanium  in  minute  quantity 
in  iron  is  not  easily  detected,  so  that  negative  evidence  of  this  kind 
may  have  proceeded  from  the  imperfection  of  tho  method  of  analysis. 
Op  tho  specimens  operated  on  may  have  been  exceptional,  as  in  the 
case  of  some  commercial  articles  of  wolfram  steel,  which,  according  to 
Wagner,  contained  not  a  trace  of  tungsten.  On  inquiry  I  learn  that 
Mr.  Mushet  has  not  yet  succeeded  in  convincing  the  Sheffield  steel- 
makers of  tho  surpassing  excellence  which  ho  claims  for  his  "  titanic 
steel."  This  may  be  due  to  prejudice,  or  it  may  be  the  result  of 
honest  conviction,  which  is  tho  most  probable.  My  friend,  Mr. 
Webster,  writes  as  follows :  44  That  manufacturers  should  bo  slow  to 
adopt  a  change  is  only  natural ;  tho  simplest  and  greatest  discoveries 
have  to  overcome  the  conservative  resistance  to  change,  a  resistance 
bearing  in  general  some  propoition  to  the  importance  of  tho  result,  or 
the  consequences  of  the  invention." 9  It  is  to  be  hoped  that  the 
M  titanic  steel  "  may  ultimately  prove  to  belong  to  this  category  ! 

Iron  and  Lkad. 

By  reducing  a  mixture  of  minium  and  oxide  of  iron  with  black 
Hux,  Kin  maim  obtained  lead  which  he  believed  to  bo  ferriferous ;  it 
was  harder  than  ordinary  lead.  Ho  concluded  that  by  this  means  lead 
might  dissolve  a  little  iron,  but  that  iron  would  not  take  up  any  lead. 
Ho  could  not  produce  an  alloy  of  these  metals  in  any  proportion 
by  directly  heating  them  together  in  the  metallic  state;1  nor  could 
Karsten.  Tho  metallic  mass  always  consists  of  two  layers,  the  upper 
one  of  iron  and  the  lower  ono  of  lead.  But  on  reducing  litharge  with 
excess  of  pure  iron  at  i\  very  high  temperature,  Karsten  obtained 
melted  iron  in  which  ho  found,  as  tho  averago  of  several  experiments, 
2*00%  of  lead.  The  alloy  had  a  coarsely  foliated  fracture,  and  was 
brittle,  but  not  in  the  least  degree  hard.  It  could  bo  flattened  out 
somewhat,  but  not  without  cracking  at  the  edges.  When,  however, 
reduction  of  tho  litharge  was  e  flee  ted  with  cast  or  carburized  iron,  the 
button  of  iron  was  free  from  lead."  fcionnenschein  has  published  tho 
following  account  of  an  alloy  of  iron  and  lead  from  a  blast-furnace  at 
the  Marienhutte,  Upper  Silesia,  where  pluinbifcrous  brown  iron  ore 
was  smelted.  After  the  furnace  had  been  in  operation  about  five  years, 


•»  The  Case  of  Joaiah  Marshall  Heath, 
tin;  Inventor  ami  Introducer  of  tho  Manu- 
facture of  Welding  Qiat-Htoel  from  British 
lion.   By  Thorn*)  Webster,  M.A.,  F.K.S., 


Barrister-at-Uiw.    London,  1850,  p.  x. 
1  (tesehiehte  dea  Kiaeua,  1.  p.  5es. 
•  Kisenhiittenkunde.  1.  p.  5<Mj. 
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lead  ate  through  under  the  hearth  sideways  about  six  inches  below  the 
tap-hole,  and  at  every  tapping  lead  flowed  along  with  the  cast-iron. 
Consequently  below  the  tap-hole  a  small  cavity  was  formed  in  which 
the  lead  might  collect,  and  which  was  emptied  several  times  in  the 
twenty-four  hours.  In  the  course  of  eighteen  months  52f>  cwts.  of  lead 
were  thus  obtained.  After  the  furnace  had  been  at  work  during 
seven  years,  it  was  blown  out.  On  breaking  it  up,  not  only  was  much 
lead  found  in  the  "  bear,"  but  also  various  aggregations  of  crystals, 
home  of  which  were  erroneously  regarded  as  cyano-nitrido  of  iron  from 
their  appearance.  These  crystals  were  cubes,  which  were  here  and 
there  placed  upon  each  other  like  steps ;  but  there  were  also  groups  of 
acicular  plumose  crystals,  having  tho  following  characters: — Their 
culour  for  the  most  part  was  brass-yellow,  but  in  certain  places  it 
was  a  peculiar  glittering  blue.  They  were  soft,  rather  harder  than 
lead,  but  could  be  easily  cut,  and  their  cut  surface  had  a  leaden  lustre. 
Their  specific  gravity  was  10*560,  and  they  were  strongly  attracted 
by  the  magnet  From  several  analyses,  these  crystals  were  found  to 
consist  of  88-76 7C  of  lead  and  1 1  •  14%  of  iron,  which  corresponds  to 
the  formula  2L*b+Fe.  Their  calculated  composition  is  88-087o  of 
lead  and  1 1-92  %  of  iron.  Sonnenschein  suggests  that  this  interesting 
alloy  may  have  been  formed  by  the  long-continued  action  of  gaseous 
lead  upon  metallic  iron.  Tho  red  crystalline  groups  above  mentioned 
were  partly  surrounded  with  minium  ;  the  crystals  wore  cubes  or 
varieties  of  cubes,  having  a  vitreous  lustre ;  they  were  pure  lead, 
coated  superficially  with  an  extraordinarily  thin  layer  of  red  oxide.* 
Mr.  Dick,  who  has  been  long  engaged  in  lead-smelting,  informs  me 
that  the  iron  of  the  large  perforated  ladles,  used  in  Pattinson's  de- 
tsilverization  process,  becomes  in  the  course  of  time  thoroughly  per- 
meated with  lead. 

Biewend,  of  Clausthal,  has  described  an  alloy  prepared  by  heating 
in  a  brasqued  crucible  a  slag  rich  in  lead  and  iron.  Most  of  the  lead 
was  volatilized.  The  alloy  had  been  well  melted,  was  hard  and  brittle, 
only  admitting  of  being  slightly  flattened  under  the  hammer  without 
tracking  ;  the  fracture  was  finely  granular-foliated  (JilriiikOrnig-bldtteriy), 
shining,  and  between  steel-grey  and  tin- white  in  colour.  It  consihted 
of  90-76 %  of  iron  and  3-24%  of  lead.4 

We  have  repeated  Karsten's  experiment  of  reducing  litharge  with 
iron,  but  have  not  succeeded  in  confirming  his  results.  We  have 
employed  wrought-iron,  as  well  as  clay,  crucibles;  tho  latter  are 
immediately  corroded  and  perforated  by  tho  oxide  of  iron  produced, 
if  not  previously  by  the  litharge  itself.  We  have  endeavoured  in  vain 
to  obtain  an  alloy  similar  to  that  of  Sonnenschein,  or  indeed  any 
other  decided  alloy  of  iron  and  lead.  (   f  • » 

Iron  anu  Antimony.  \ 

y  '  i 

These  metals  readily  unite  by  fusion,   producing  hard,  brittle, 
white,  easily  fusible  alloys,  of  lower  specific  gravity  than  the  mean  of 

3  Cberu.  Gaz.  14.  p.  434.  1856.  *  Joiuni.  f.  pruk.  Chcm.  23.  p.  25*2. 
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the  specific  gravities  of  the  component  metals.  It  is  stated  that  anti- 
mony tends  in  a  greater  degree  than  any  other  metal  to  destroy  the 
magnetic  property  of  iron.  According  to  Berthier  the  alloy  containing 
70*5  °/0  antimony,  i.e.  Fe  +  Sb,  is  nndecomposahle  at  the  highest  tem- 
perature ;  and  alloys  with  a  greater  proportion,  at  150°  (Wedgwood's 
pyrometer)  lose  antimony  until  the  residuum  acquires  this  formula.4 
An  alloy  of  1  part  by  weight  of  antimony  and  2  of  iron  strikes  fire 
when  filed.8 

The-  following  experiments  have  been  made  by  Mr.  Hichardson  in 
my  laboratory.  Commercial  antimony  and  thick  iron  wire  were  used. 
Fusion  was  effected  in  clay  crucibles  with  luted  covers. 

I.  Iron  224  grs.,  antimony  258,  corresponding  to  the  formula 
Fe4Sb.  A  well  melted  button  was  obtained,  weighing  479  grs.,  show- 
ing a  loss  of  3  grs.    It  was  dull  grey,  brittle,  and  granular  in  fracture. 

II.  Iron  200  grs.,  antimony  200  grs.  A  well  melted  button  was 
obtained,  weighing  390  grs.,  showing  a  loss  of  10  grs.  It  was  similar 
in  characters  to  the  last. 

III.  Iron  297  grs.,  antimony  3  grs.  A  well  melted  button  was 
obtained,  weighing  292  grs.,  showing  a  loss  of  8  grs.  It  was  not  quite 
so  brittle  as  the  buttons  in  Nos.  I.  and  II.;  it  had  a  brighter  lustre, 
but  was  similar  in  fracture. 

Karsten  ascertained  the  effect  of  the  addition  of  1  %  oi  antimony  to 
the  charge  of  cast-iron  during  the  process  of  conversion  into  malleable 
iron  in  the  charcoal  hearth.  Notwithstanding  its  volatility,  it  acted 
far  more  injuriously  than  the  addition  of  the  same  amount  of  tin.  At 
a  white  heat,  it  occasioned  the  same  "smoking"  of  the  iron  as  tin; 
but  the  bar  iron  was  far  more  fragile,  and  was  extremely  cold  as  well 
as  red-short.  The  bar-iron  contained  0*23  c/0  of  antimony.  Karslen 
detceted  0*114 %  of  antimony  in  bar-iron  which  was  so  cold-short  as 
to  be  worthless ;  he  found,  besides,  only  an  inappreciable  amount  of 
sulphur  and  0*38  of  phosphorus,  which,  according  to  his  experience, 
was  inadequate  to  produce  cold-shortness  in  a  sensible  degree,  lie 
regarded  the  presence  of  this  minute  quantity  of  antimony  as  amply 
sufficient  to  account  for  the  bad  quality  of  the  iron  in  question. 

Jron  and  Bismuth. 

Amongst  the  old  metallurgical  writers  there  was  great  discordancy 
of  opinion  on  this  subject,  some  asserting  that  these  metals  alloyed 
readily  together,  and  others  that  they  would  not  unite  at  all.  Karsten 
found  that  the  addition  of  1%  of  bismuth  to  the  charge  in  converting 
cast  into  malleable  iron  in  a  charcoal  hearth  had  no  effect  on  the 
quality  of  the  iron  produced.  However,  it  worked  somewhat  "  raw," 
and  this  was  the  onlv  defect.  As  soon  as  the  cast-iron  began  to  melt, 
bluish  green  flame  and  smoke  were  evolved,  which  lasted  more  than 
half  an  hour.    The  bar-iron  made  contained  0*081  %  of  bismuth.7 


•  Tr.  2.  p.  217.         fi  Tlicnord,  Tr.  de  Chinrie,  2.  p.  247.    1 834.  "  1 .  p.  522. 
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Irox  and  Nickel. 

Faraday  and  Stodart  melted  these  metals  together  in  several  propor- 
tions, and  found  them  to  alloy  well.    Their  results  are  as  follow  :  • 

1.  Horseshoe  nails  were  melted  with  3°/0  of  pure  niekel.  The 
alloy,  it  is  stated,  was  quite  as  malleable  and  pleasant  to  work  under 
the  hammer  as  pure  iron.  When  polished  it  was  rather  whiter  than 
iron.  Its  specific  gravity  was  7*804,  and  that  of  the  hammered  alloy 
of  steel  with  3  °/c  of  nickel  was  7*750. 

2.  Horse-shoe  nails  were  melted  with  10%  of  nickel.  The  metals 
were  perfectly  combined,  but  the  alloy  was  less  malleable,  and  mure 
disposed  to  crack  under  the  hammer.  When  polished  it  had  a  yellow 
tinge.  Its  specific  gravity  was  7-849,  and  that  of  steel  alloyed  with 
10 °/c  of  nickel  was  7*684.  This  alloy  rusted  less  quickly  than  pure 
iron;  but  it  was  found  that  the  presence  of  nickel  in  iron  did  not 
prevent  oxidation  to  the  extent  previously  alleged.  The  same 
quantity  of  nickel  alloyed  with  steel,  instead  of  preventing,  accele- 
rated rusting  very  rapidly. 

Berthier  states  that  iron  and  nickel  very  easily  alloy  together  in 
all  proportions,  and  that  the  alloys  have  the  same  properties  as  pure 
iron,  but  are  whiter.  He  describes  an  alloy  containing  8-3%  of 
nickel,  i.e.  FV"  Ni,  which  he  prepared  by  the  reduction  of  the  mixed 
oxides  of  iron  and  nickel  in  a  brasqued  crucible:  it  was  semi  ductile, 
very  tenacious,  and  fine  grained,  but  somewhat  scaly  in  fracture. 
This  composition  is  the  same  as  that  of  a  meteoric  iron  from  near 
Bogota.1 

The  following  experiments  on  alloys  of  iron  and  nickel  have  boon 
made  in  my  laboratory  by  Mr.  Kichardson.  The  nickel  was  that 
manufactured  by  Evans  and  Askin,  Birmingham,  and  which  may  l>c 
regarded  as  practically  pure.  The  iron  was  in  the  *tate  of  fine  wire. 
FiiMon  was  effected  under  plate  glass  in  clay  crucibles.  The  metals 
appeared  to  alloy  perfectly  together. 

1.  With  1  %  of  nickel.  Iron  405  grs.  and  nickel  5  gin.  A  well 
melted  button  was  obtained,  which  weighed  490  grs.,  thus  showing  a 
loss  of  10  grs. ;  its  surface  was  partially  coated  with  thin  black  scale. 
When  cut  about  hall'  through  with  a  cold  chisel  the  remainder  broke  ; 
the  fracture  appeared  in  all  respects  similar  to  that  of  a  button  of  iron 
after  fusion  fter  se. 

2.  With  5%  of  nickel.  Iron  285  grs.  and  nickel  15  grs.  The  loss 
was  10  grs.  The  alloy  seemed  to  be  perfectly  made.  The  surface  of 
the  button  was  generally  thinly  coated  with  black  scale.  It  was  more 
brittle  than  that  of  No.  1.  The  fracture  was  bright  and  finely 
granular,  but  had  not  the  bluish-grey  tinge  of  iron. 

3.  With  20%  °f  nickel.  Iron  240  grs.  and  nickel  (50  grs.  The 
loss  was  20  grs.  The  surface  of  the  button  was  smooth,  and  every- 
where free  from  scale.    The  alloy  was  brittle,  and,  on  cutting  across 

with  the  chisel  in  the  usual  manner,  broke  with  an  extremely  irre- 

• 

*  Quarterly  Journ.  ante  cit.  p.  324.  1  Truitu.  2.  p.  210. 
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gular  fracture,  of  which  it  is  difficult  to  give  an  accurate  notion  by 
description.  It  might  be  described  as  fibro-coliimnar,  and  under  a 
lens  both  in  the  direction  of,  and  across,  the  fibrous  bundles  the  metal 
appeared  minutely  granular.  Its  lustre  was  dull.  Hie  colour  of  the 
freshly  ^craped  surface  of  the  button  was  bluish-white,  but  previously 
it  had  a  yellowish  tinge.    Its  specific  gravity  was  7  '917. 

4.  With  50%  of  nickel.  Iron  200  grs.  and  nickel  200  grs.  The 
loss  was  20  grs.  The  external  appearance  of  the  button  resembled 
that  of  No.  3 ;  it  was  smooth,  free  from  scale,  dull,  and  had  a 
yellowish  tinge  due  to  superficial  tarnish  ;  after  scraping,  in  colour  it 
appeared  very  similar  to  the  last.  It  flattened  sensibly  under  the 
hammer,  but  was,  nevertheless,  brittle.  The  fracture  obtained  in  the 
usual  manner  was  quite  different  from  those  of  the  foregoing  alloys  ; 
it  was  even,  uniform,  and  finely  granular,  much  like  that  of  cast-steel ; 
but  on  observing  it  under  varying  directions  of  incident  light,  it 
seemed  to  consist  of  an  aggregation  of  shining  points,  such  as  1  have 
not  remarked  in  an  equally  fine-grained  fracture  of  cast-steel.  Its 
specific  gravity  was  8-200. 

All  these  alloys  strongly  attracted  the  magnetic  needle,  and  the 
last  two  were  susceptible  of  high  polish  :  both  clogged  the  file. 

Pieces  of  each  of  these  two  alloys  having  been  filed  and  polished, 
were  left  for  several  days  in  contact  with  very  dilute  sulphuric  acid, 
but  no  damask  appeared. 

Longmaid  has  patented  the  alloying  of  iron  with  nickel  in  pro- 
portions never  exceeding  4  ozs.  of  the  latter  to  tho  ton.1  The  nickel 
is  added  during  the  processes  of  refining  or  puddling.  The  iron  thus 
produced  "will,"  it  is  declared,  "be  greatly  improved  in  quality.*' 
Although  this  declaration  may  be  made  l>ond  Jide,  yet  it  should  be  re- 
membered that  it  is  only  an  opinion  of  an  interested  patentee. 

Liebig  examined  alloys  of  nickel  with  iron  and  steel,  prepared  by 
Wolf,  of  Schweinfurth,  whom  he  praises  highly  as  a  manufacturer. 
The  nickel-steel  had  the  aspect  and  properties  of  genuine  Damascus 
steel,  and  tho  nickel-iron  acquired  likewise  by  the  usual  process  a 
magnificent  damask.* 

Mr.  Fairbairn  has  recorded  tho  results  of  "  Experiments  to  deter- 
mine tho  strength  of  some  alloys  of  Nickel  and  Iron,  similar  in  compo- 
sition to  Meteoric  Iron."  *  In  the  first  series  the  nickel  employed 
was  obtained  from  a  nickeliferous  ore  by  a  dry  process,  the  rationale 
of  which  1  do  not  understand ;  nor  should  I  if  tho  nature  of  the  ore 
had  been  described.  Cast-iron,  No.  3,  Blaenavon  pig,  and  not  malle- 
able iron,  was  used  in  making  these  alloys.  As  no  evidence  is  given 
concerning  the  purity  of  the  nickel,  the  results  of  these  experiments 
are  valueless.  In  a  second  series  of  experiments  44  perfectly  pure 
nickel"  is  stated  to  have  been  used  with  cast-iron,  as  before.  The 
strength  of  tho  cast-iron  was  very  sensibly  diminished  by  the  addition 


i  A.D.  18G1,  No.  1868. 
Ammlen  der  Plmrnmcie.  2.  p. 
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3  Proceedings  of  the  Manchester  Philo- 
sophical Society,  March  9,  1858. 


Digitized  by  Google 


IKON  AND  COBALT 


173 


of  "  of  nickel ;  the  strength  of  Blaenavon  pig-iron  being  estimated 
as  100,  that  of  the  alloy  was,  on  the  average  of  six  experiment*,  83. 
The  nickel  also  greatly  reduced  the  power  to  resist  ultimate  deflection 
and  impact. 

Iron  axd  Cobalt. 

According  to  Hassenfratz  iron  alloved  with  cobalt  is  verv  malle- 
able  and  weldable,  is  not  cold-short,  but  is  somewhat  inclined  to  bo 
red-short.*  But  it  is  only  recently  that  pure  cobalt  has  been  produced 
in  quantity,  and  there  is  no  certainty  that  in  former  times  the  impure 
metal  was  not  employed  in  the  experiments  recorded  concerning  its 
alloys.  Arsenic  especially  was  likely  to  be  present.  Berthier  as- 
cribes exactly  the  same  characters  to  the  alloys  of  iron  and  cobalt  as  to 
those  of  iron  and  nickel ;  but  it  may  be  doubted  whether  he  had  made 
sufficient  experiments  to  justify  such  a  general  conclusion. 

The  following  experiments  have  been  made  in  my  laboratory  by 
Mr.  Smith.  Nearly  pure  haematite  and  protoxide  of  cobalt  were  used. 
The  quantities  t&ken  in  grains  were — 

L  XL 

Hff-raatito    200  3»J0 

Protoxide  of  cobalt    200  40 

Chnrwftl  powder    100  loo 

The  mixed  ingredients  were  put  into  a  charcoal-lined  plumbago 
crucible,  the  cavity  filled  up  with  a  mixture  of  china  clay  and  lime, 
the  pot  luted  over,  and  exposed  to  a  white  heat  for  2  hours. 

Ex.  1.  Kesult.    A  well  fused  button  with  globules,  weighing 
gre.,  attracted  by  the  magnet ;  flattens  somewhat  under  the  hammer,  and 
then  breaks  ;  fracture  granular,  bluish  grey  with  feeble  lustre.    Slag,  a 
transparent  glass  of  a  pale  greenish  blue  tint. 

Ex.  2.  Kesult.  A  well  fused  button  with  a  few  globules,  weighing 
2^6  grs.,  attracted  by  the  magnet ;  breaks  under  the  hammer ;  fracture 
centre  portion  granular,  greyish  white,  surrounded  with  a  very  thin 
layer,  fine  grained,  dull  and  dark  grey  in  colour.    »Slag  as  in  1. 

The  buttons  had  the  following  per  centago  composition  : — - 

I.  II. 

Iron   4G-71  87  21 

Cobalt  *    o:i-20  12-79 

Both  alloys  when  finely  powdered  are  decomposed  with  facility  by 
hydrochloric  acid  with  evolution  of  fetid  hydrogen. 

If  the  haematite  contains  70%  of  iron,  and  the  protoxide  of  cobalt 
of  cobalt,  and  the  whole  of  the  metal  separated  without  taking 
up  carbon,  the  buttons  should  weigh  297  and  283-4  grs.  respectively, 
and  contain  47*1%  and  88*3%  of  iron— the  respective  formulae 
approximating  to  FeCo  and  Fe'Co. 


4  Karsten,  1.  p.  532. 

*  By  diffi  rence,  and  inolrwive  of  carbon  present,  but  not  fh  torniinod. 
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Iron  and  Mkucuuy. 

Iron  is  not  in  the  least  acted  upon  by  mercury,  whether  cold  or 
hot.  Several  indirect  processes  have  been  described  for  amalgamating 
iron  with  mercury  ;  but  in  some  of  these  it  is  doubtful  whether  true 
amalgams  are  formed.  Through  the  intervention  of  a  third  metal  the 
tendency  of  tho  mercury  to  unite  is  promoted.  Thus,  when  a  piece  of 
iron  with  a  surface  well  cleaned  by  44 dipping"  is  plunged  into  an 
amalgam  of  potassium,  its  surface  becomes  coated  with  firmly  adherent 
amalgam  ;  but  tho  mercury  separates  completely  as  the  potassium 
oxidizes  by  exposure  to  the  air,  leaving  the  iron  quite  as  bright  as 
before  tho  operation.*  Joule  has  described  a  definite  amalgam  of  the 
formula  Fe  +  Hg,  which  ho  prepared  by  electrolysis  of  a  holution  of 
iron  with  mercury  as  the  negative  electrode.  The  superfluous  mer- 
cury was  expelled  in  a  special  apparatus  under  a  pressure  of  f»0  tons 
to  the  square  inch.7  Schonbein  prepares  an  iron  amalgam  by  rubbing 
together  a  concentrated  solution  of  protochloride  of  iron  with  mercury 
containing  1  °/0  of  sodium.  The  thickish  iron-amalgam  thus  formed  is 
washed  thoroughly  with  water  until  it  is  perfectly  pure.8  According 
to  Bottger  a  pure,  strongly  magnetic  amalgam  of  iron  may  be  obtained 
by  triturating  intimately  together  in  a  porcelain  mortar  2  parts  by 
weight  of  crystallized  chloride  of  mercury  and  1  of  finely  divided 
iron,  with  the  addition  of  2  parts  of  cold  water,  stirring  all  the  while, 
and  also  of  a  few  drops  of  mercury  at  the  moment  when  heat  begins  to 
be  strongly  evolved.9  Cailletet  states  that  iron  becomes  superficially 
amalgamated  by  tho  action  of  the  amalgam  of  ammonium  or  sodium, 
or  when  immersed  in  acidulated  water  in  contact  with  mercury  form- 
ing tho  negative  pole  of  a  galvanic  battery.1 

For  the  following  statement  I  am  indebted  to  my  friend  Mr.  William 
Crookes,  by  whom  the  information  was  obtained. 

When  crystallized  sodium  amalgam  is  covered  with  a  saturated  solu- 
tion of  protosnlphate  of  iron,  the  latter  metal  in  the  course  of  an  hour 
or  two  changes  plicc  with  tho  sodium,  and  iron  amalgam  is  formed. 
This  is  strongly  agitated  with  dilute  hydrochloric  acid,  which  removes 
any  sodium  which  may  remain,  and  tho  amalgam  of  iron  is  left  as  a 
soft  unctuous  feeling  mass  of  the  consistency  of  butter,  in  colour  inter- 
mediate between  mercury  and  iron.    This  appears  to  be  a  mixture  of 
a  solid  amalgam  with  mercury.    Upon  squeezing  tho  mass  in  chamois 
leather  liquid  mercury  separates,  and  there  is  left  behind  a  solid  steel 
grey  crystalline  lump,  which  upon  analysis  was  found  to  contain 
12-77%  of  iron  (Fellg,  requires  12  28  %).    If  this  solid  iron  amalgam 
is  kneaded  with  tho  fingers  in  the  palm  of  the  hand,  it  gradually  gets 
unpleasantly  hot,  and  after  a  little  time  separates  into  globules  of 
metallic  mercury  and  black  pulverulent  iron.    The  same  change  takes 


f>  lkmlin*.  Tr.  2.  p.  708. 
7  Brit.  Assoc.  Ren.  Kdiuburgh,  1800. 
Transactions  of  the  Sections,  p  55. 


%  Jalircs-Bericht,  L.  and  K.,  1861. p  95. 
»  Jahresb.,  L.  and  K.,  1857,  p.  224. 
1  JahiCHli.  ante  cit.  1857,  p.  240. 
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place  more  slowly  when  the  cake  of  solid  iron  amalgam  is  left  exposed 
to  the  air;  the  mercury  being  occasionally  projected  from  it  in  jets  an 
inch  or  more  in  length.  The  heat  evolved  is  jjot  due  to  the  oxidation 
of  the  iron,  as  the  same  change  takes  place  with  separation  of  the  same 
black  powder  when  the  amalgam  is  hermetically  sealed  in  a  tube  con- 
taining mineral  naphtha.  Both  the  solid  and  liquid  amalgam,  as  well 
as  the  liquid  mercury  squeezed  from  them,  are  strongly  magnetic. 
The  iron  in  all  gradually  oxidizes  on  exposure  to  the  air,  coating  the 
surface  with  a  film  of  red  oxide.  When  the  amalgam  is  of  a  buttery 
or  weaker  consistency,  it  does  not  appear  to  decompose  spontaneously. 

Iron  and  Silver. 

As  usual,  the  opinions  of  the  earlier  metallurgists  as  to  the  alloys 
of  iron  and  silver  are  extremely  discordant,  some  maintaining  that 
they  unite  readily  and  perfectly  by  fusion,  and  others  that  iron  and 
silver  only  take  np  very  Bmall  proportions  of  each  other  respectively. 
Coulomb  states  that  silver  can  only  retain  about  ,40  of  iron,  and 
Moiveau  that  iron  cannot  retain  more  than  ¥>o  °f  silver."  The  first  of 
these  observers  found  that  silver  with  only  -j  }ff  of  iron  acted  upon  the 
magnetic  needle  ;  and  that  silver  reduced  from  horn-silver  (fused  Ag  CI) 
disturbed  the  needle,  even  when  it  contained  only  1  of  iron  to  133119 
of  silver.  Large  wrought-iron  crucibles  have  been  employed  during 
many  years  for  melting  silver,  which  sufficiently  proves  that  at  the 
temperature  of  molten  silver  there  can  bo  no  very  marked  affinity 
between  the  two  metals. 

We  are  indebted  to  Karsten  for  experiments  on  the  large  scale  to 
determine  the  effect  of  silver  upon  the  workable  qualities  of  iron. 
Bar-iron  made  in  the  charcoal  finery  from  pig  iron,  to  which  !£%  of 
fine  silver  had  been  added,  was  found  to  be  deteriorated  by  this  ad- 
dition. A  bluish-green  vapour  was  evolved  from  the  metal  during  the 
process  of  conversion,  and  also  from  the  bar-iron  during  hammering, 
k>  long  as  it  remained  white-hot.  The  iron  was  unsound,  laminar, 
and  very  red-short ;  it  gave  by  analysis  0-034  °L  of  silver.  Silver  pro- 
duced the  same  action  upon  iron  as  sulphur,  though  in  a  somewhat 
less  marked  degree. 

Mr.  Longmaid  has  recently  patented  alloying  iron  with  homoeo- 
pathic doses  of  silver."  The  quantity  of  silver,  the  patentee  has  ascer- 
tained, should  never  exceed  10  ozs.  to  the  ton  uf  iron  ;  but  for  general 
purposes  he  prefers  that  it  should  not  exceed  1  or  2  ozs.,  only  increas- 
ing the  proportion  when  he  wishes  to  make  the  iron  stronger  and 
more  ductile,  or  suitable  for  conversion  into  steel.  The  silver  may  bo 
added  during  the  operations  of  refining  or  puddling.  He  informs  us 
that  he  has  44  found  a  marked  improvement  in  the  manufacture  of  iron 
is  obtained  when  using  less  than  an  ounce  of  silver  to  tho  ton  of  iron 
and  he  remarks  that  ho  is  44  aware  silver  has  before  been  used  to  alloy 


;  Karsten,  1.  p.  491.  I  "Improvements  in  the  manufacture  of 
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iron,  but  the  quantities  applied  have  been  so  large  as  to  prevent  the 
desired  qualities  of  iron  being  produced,  and  the  whole  of  the  silver  has 
not  been  so  chemically  combined  as  when  using  minute  quantities." 
Mr.  Longmaid's  patent  has  not,  I  believe,  secured  the  favourable  con- 
sideration of  ironmasters  ;  and  I  should  be  surprised  if  it  had.  In  experi- 
menting on  the  puddling  furnace  the  utmost  caution  is  necessary  in 
order  to  avoid  erroneous  conclusions.  Even  in  two  successive 
44  heats"  it  is  difficult  to  ensure  anything  like  identity  of  conditions. 
A  little  more  attention,  or  a  little  more  well-directed  labour,  com- 
monly termed  44  elbow  grease,"  on  the  part  of  the  puddler,  in  one 
44  heat"  as  compared  with  the  other,  may  occasion  marked  difference  in 
the  result.  In  experiments  of  this  nature  pretty  good  fees  are  usu- 
ally slipped  into  the  hands  of  the  workman,  whose  interest  it  then 
becomes  by  hook  or  by  crook  to  attain  the  end  desired  by  the  experi- 
menter. I  have  seen  a  Welsh  puddler  present  his  employer, — who 
was  engaged  in  attempts  to  improve  the  quality  of  iron  by  a  very 
stupid  process,— with  a  bar  of  iron  bf  first-rate  quality,  which  he  de- 
clared was  produced  from  remarkably  bad  pig  iron,  and  the  excellence 
of  which  ho  ascribed  entirely  to  the  supposed  improvements! 

Faraday  and  Stodart  melted  silver  and  steel  together,  and  obtained 
the  following  results.4  When  a  mixture  of  these  metals  is  kept  long 
in  a  molten  state,  a  perfect  alloy  seems  to  be  formed ;  but  on  solidifi- 
cation globules  of  pure  silver  appear  on  the  suiface  of  the  button, 
having  been  squeezed  out  from  the  interior.  AYhen  a  forged  bar  of 
this  metal  is  acted  upon  by  dilute  sulphuric  acid,  the  silver  is  left  in 
threads  through  tho  mass,  44  so  that  the  whole  has  the  appearance  of  a 
bundle  of  fibres  of  silver  and  steel,  as  if  they  had  been  united  bv 
welding."  The  fibres  are  sometimes  \  in.  long.  After  very  long  ex- 
posure to  a  high  temporaturo  the  sides  and  top  of  tho  crucible  were 
coated  with  a  dew  of  minute  globules  of  silver.  Silver  and  steel  were 
fused  together  in  various  proportions,  as  under : 

(1.)  Silver  1  and  steel  100.  The  buttons  consisted  of  steel  and 
silver  in  fibres.  Globules  of  silver  adhered  to  the  suiface  of  the 
buttons,  of  which  some  on  forging  gave  out  more  globules.  Bars 
of  this  mixture  were  rapidly  oxidized  in  moist  air.  (2.)  Silver 
1  and  steel  200.  Fibres  and  globules  in  abundance.  (3.)  Silver  1 
and  steel  300.  Fibres  diminished,  but  still  present.  (4.)  Silver 
1  and  steel  400.  Fibres  still  detected.  (5.)  Silver  1  and  steel 
500.  A  perfect  button  was  obtained  without  any  appearance  of  silver 
on  its  surface,  or  deposit  of  dew  of  silver  on  the  sides  and  cover  of  the 
crucible ;  and  no  fibre  could  be  detected  in  a  forged  bar  after  dissec- 
tion by  an  acid,  not  even  with  the  aid  of  a  high  magnifying  power. 
The  metal,  although  very  hard,  forged  remarkably  well,  and  was  pro- 
nounced 44  decidedly  superior  to  the  very  best  steer."  The  superiority 
was  ascribed  to  44  combination  with  a  minute  portion  of  silver,"  which 
was  found  to  be  present  in  every  part  of  the  bar.  A  trial  on  a  larger 
scale  was  made  by  melting  8  lbs.  of  "very  good  Indian  steel "  with 
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TiT  of  its  weight  of  pure  silver.  Hie  ingot  "  presented  a  most  favour- 
able appearance  both  as  to  surface  and  fracture ;  it  was  harder  than 
the  best  cast-steel,  even  than  the  Indian  wootz,  with  no  disposition 
whatever  to  crack,  either  under  the  hammer  or  in  hardening."5  Fara- 
day and  Stodart  formed  a  much  higher  opinion  of  the  value  of  this 
alloy  than  experience  has  justified.  They  attempted  to  alloy  steel  and 
silver  by  cementation,  but  did  not  succeed.  A  small  piece  of  steel 
wrapped  up  in  silver  leaf  in  the  proportion  of  160  :  1  was  put  into  a 
crucible,  which  was  then  filled  with  pounded  green  glass,  and  kept 
daring  three  hours  at  a  white  heat.  Tho  silver  was  found  fused  and 
adhering  to  the  steel ;  but  no  part  had  combined. 

Iron  and  Golt>. 

Gold  and  iron  may  be  readily  alloyed  together.  It  was  formerly 
believed  that  the  ductility  and  malleability  of  gold  were  much  di- 
minished, if  not  destroyed,  by  the  addition  even  of  a  very  small  quan- 
tity of  iron,  until  Hatchett  proved  by  the  following  experiments  that 
this  belief  was  erroneous :  • — 

1.  Fine  gold  was  melted  with  8-3%  of  clean  iron  wire,  and  tho 
whole,  after  well  mixing,  was  cast  into  a  bar  in  a  greased  mould  of 
iron.  The  alloy  had  a  pale  yellowish  grey  colour,  approaching  dull 
white ;  it  was  very  ductile,  and  by  rolling  was  with  great  ease  reduced 
from  the  thickness  of  i  inch  to  that  of  a  guinea;  it  was  then  readily 
punched  into  blanks,  which  were  stamped  with  great  facility,  though 
not  previously  annealed. 

2.  Fine  gold  was  melted  with  8*37Q  oi  thin  plato  cast-steol,  which 
was  added  to  the  molten  gold.  The  alloy  in  all  respects  closely  re- 
sembled the  former. 

3.  Fine  gold  was  melted  with  8'3n/c  of  cast-iron  in  tho  form  of 
nails.  The  experiment  was  made  in  the  same  manner,  and  tho  alloy 
Had  the  same  characters  as  that  of  No.  2. 

The  conclusion  which  Hatchett  drew  from  these  results  is  that 
gold  "made  standard  "  with  iron,  steel,  or  cast-iron,  ».  e.  alloyed  in  the 
proportion  of  22  of  gold  to  2  of  any  one  of  these  metals,  is  not  rendered 
brittle,  though  its  hardness  is  increased,  as  it  might  bo  even  hammured, 
rolled,  and  stamped  without  annealing. 

According  to  Faraday  and  Stodart,  gold  forms  a  good  alloy  with 
steel.7  They  made  no  experiments  on  this  alloy  in  tho  large  way,  and 
were  doubtful  as  to  its  value.  Tho  specific  gravity  of  a  hammered 
alloy  of  steel  with  1  %  of  gold  was  7 '  870. 

Ikon  and  Platinum. 

Iron  and  platinum  appear  to  alloy  well  together,  as  every  analytical 
chemist  must  be  well  aware,  who,  in  heating  any  compound  of  iron  in 
a  platinum  crucible,  has  had  the  iron  accidentally  reduced.    The  iron 


4  Phil.  Trans.  1822,  p.  257.  «  Ibid.  1803.  p.  'M. 
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lays  firm  hold  of  the  platinum,  and  generally  every  attempt  to  remove 
it  by  boiling  with  hydrochloric  acid,  fusion  with  bisulphate  of  potash, 
etc.,  will  prove  fruitless.  By  such  treatment  the  surface  may  be  ren- 
dered perfectly  bright ;  but  on  reheating  to  redness  the  presence  of 
iron  is  manifested  by  the  blackening  of  that  part  of  the  interior  where 
the  alloy  exists.  That  a  knowledge  of  the  action  of  iron  on  platinum 
at  high  temperatures  may  not  be  unimportant  to  ironmasters  is  proved 
by  the  fact,  that  not  long  ago  a  steel-manufacturer  in  a  published 
lecture  on  iron  suggested  the  possibility  of  substituting  platinum  for 
iron  in  the  beds  of  puddling  furnaces!8 

According  to  Faraday  and  Stodart  steel  and  platinum  alloy  well 
together  in  all  proportions,  and  platinum  will  fuse  in  contact  with  steel 
at  a  temperature  at  which  even  the  steel  itself  is  not  affected:  they 
obtained  the  following  results  :p — 

1.  Steel  50  and  platinum  50.  The  alloy  is  described  as  beautiful, 
and  as  possessing  the  "finest  imaginable"  colour  for  a  mirror;  it 
takes  a  high  polish,  is  malleable,  does  not  tarnish,  and  has  a  specific 
gravity  of  0-862. 

2.  Steel  20  and  platinum  90.  A  perfect  alloy  was  obtained,  which 
was  malleable,  showed  no  tendency  to  tarnish,  and  had  a  specific 
gravity  of  15-88. 

3.  Steel  80  and  platinum  10.  The  alloy  was  pronounced  excellent. 
It  was  ground  and  very  highly  polished,  but  proved  unfit  for  mirrors 
owing  to  the  fine  damask  of  its  surface.  This  alloy,  after  lying  ex- 
posed during  many  months,  had  not  a  spot  on  its  surface  ;  whereas 
an  alloy  of  steel  and  nickel  in  the  same  proportions  had  become 
covered  with  rust  after  similar  exposure.  The  specific  gravity  of  steel 
alloyed  with  10°/o  of  platinum  was  8-100,  and  that  of  a  hammered 
alloy  of  steel  with  1  ■  5  %  of  platinum  was  7  •  732. 

Wires  of  steel  and  platinum  of  about  equal  diameter  were  packed 
together  and  found  to  weld  perfectly  and  with  as  much  facility  as  steel 
and  iron.  By  slightly  acting  with  an  acid  upon  the  polished  surface 
of  a  bar  thus  produced  and  forged,  "a  very  novel  and  beautiful  surface 
appeared,  the  steel  and  platinum  funning  dark  and  white  clouds." 
Some  of  the  largest  of  the  steel  clouds  appeared  to  consist  of  an  alloy 
of  the  two  metals  resulting  from  cementation. 

Larger  experiments  were  made  at  Sheffield  under  the  instructions 
of  Faraday  and  Stodart:  10  lbs.  of  good  Indian  steel  were  melted  with 
of  spongy  platinum.  The  bars  were  remarkable  for  smoothness  of 
surface  and  beauty  of  fracture.  Tho  alloy  was  less  hard,  but  much 
tougher,  than  the  alloy  of  8  lbs.  of  steel  with  T^tf  of  silver.  It  is 
rapidly  acted  upon  by  dilute  sulphuric  acid.1  If  a  piece  of  steel  and 
one  of  the  platinum  alloy  are  immersed  in  the  same  weak  sulphuric 


8  ExtraeLs  from  Miscellaneous  Okserva- 
tions  on  the  Manufacture  of  Iron,  etc.  Bv 
Kichard  Solly,  of  tho  Leabrook  Iron 
Work*,  Staffordshire,  ami  of  Sheffield.  A 
jm»|kt  read  before  the  Geological  un«l  Poly- 
ti-ehnie  Society  of  the  West  Hiding  of  York- 


shire.   "  Platinum  might  prrlxibly  answer, 
if  it  should  ever  become  abundant  and  cheap 
;  enough  "  p.  1 1  . 

9  Quarterly  J  mini,  ante  eit. 
'  Phil.  Trans,  ante  eit.  p.  257. 
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acid,  in  equal  periods,  the  latter  will  evolve  some  hundreds  of  times 
more  gas  than  the  former.  Steel  acquires  this  property  when  alloyed 
with  a  very  small  quantity  of  platinum  :  Tjir  increased  the  action  con- 
siderably; with  T^  and  Tos  it  was  powerful;  with  10°/  the  action 
was  not  very  powerful ;  with  50%  it  was  nut  greater  than  with  steel 
alone  ;  and  an  alloy  of  90  of  platinum  and  20  of  iron  was  not  affected 
by  the  acid.  When  two  portions  of  the  platinum  allov,  one  hard  and 
the  other  soft,  are  left  for  some  hours  in  the  same  dilute  sulphuric 
acid  the  hard  piece  becomes  coated  with  »  metallic  black  carbonaceous 
powder,  and  the  surface  is  generally  fibrous;"  whereas  the  soft  piece 
becomes  thickly  coated  with  "  grey  metallic  plumbaginous  matter 
soft  to  the  touch,"  easily  sectile,  and  in  amount  exceeding  by  seven  or 
eight  times  that  on  the  hard  pieco.  The  powder  from  the  soft  alloy 
when  it  has  not  remained  long  in  the  acid,  exactly  resembles  finely 
divided  plumbago ;  owing  to  the  presence  of  iron,  it  oxidizes  bv  ex- 
posure to  the  air  and  becomes  discoloured.  After  remaining  long  or 
boiling,  in  the  acid,  it  is  reduced  to  the  same  state  as  the  powder 
from  the  hard  steel  alloy.  By  the  action  of  nitric  acid,  a  black 
residuum  is  produced,  which,  after  careful  washing  and  drvinK  is 
strongly  explosive.  It  contains  much  platinum  and  very  little  iron 
VV  rapped  in  foil  and  heated,  it  explodes  with  much  force,  tearing  open 
the  foil  and  emitting  a  faint  light.  Dropped  on  the  surface  of  heated 
mercury,  it  exploded  readily  at  204  ■  4°  0.  (400°  Fah.),  but  with 
difficulty  at  187 -r  C.  (or  370*  Fah.).  When  the  temperature  was 
slowly  raised,  it  did  not  explode,  but  was  quietly  decomposed.  De- 
tonated at  the  bottom  of  a  hot  glass  tube,  much  water  and  fume 
were  given  off,  and  the  residuum  consisted  of  metallic  platinum  with 
very  little  iron  and  carbon. 

A  patent  has  recently  been  granted  to  \\illiam  Longmaid  for 
"  Improvements  in  the  Manufacture  of  Iron  and  Steel." «    They  con- 
sist essentially  in  alloying  iron  or  steel  with  "  minute  quantities  "  of 
gold  or  platinum,  or  of  both  together.     The  patentee  assures  us 
"  that  the  use  of  from  *  to       of  an  ounce  of  gold  or  of  platinum, 
or  ot  the  two  together,  materially  improves  the  density  ductility 
and  tenacity  of  the  iron  or  steel."    What  is  meant  by  improving  the* 
density  is  not  very  clear.    The  patentee  has  produced  a  very  sonorous 
bell-metal  by  adding  as  much  as  3  ozs.  of  gold  to  the  ton  of  an  allov  of 
iron;  but  with  this  exception,  he  has  not  found  it  desirable  to  intro- 
duce  more  than  *oz.  of  gold  or  platinum,  or  of  the  two  metals 
together,  to  each  ton  of  iron  or  steel.    For  ordinary  castings,  he  adds 
about  ioz.  of  gold  or  platinum,  or  of  both  together,  to  the  ton  of  cast- 
iron  ;  but  for  hard-castmgs  he  adds  *  oz.  or  more  of  the  two  metals  or 
of  one  of  them.    In  puddling  iron  he  introduces  the  gold  or  platinum 
just  as  the  metal  "  comes  to  nature,"-/,  e.  by  decarburization  becomes 
malleable  iron,— at  the  rate  of  about  Joz.  to  each  ton  of  the  pig  or  cast- 
iron  used.    In  making  puddled  steel  the  nostrum  is  added  in  like 
manner.    In  making  malleable  iron  or  cast-steel  by  other  processes 
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than  by  puddling,  the  nostrum  is  applied  "at  any  stage  of  the  process 
whilst  the  metal  is  still  fluid ;"  and  in  making  cast  steel  it  is  melted 
44  with  tho  steel  in  crucibles  or  otherwise."    The  patentee  is  careful  to 
acknowledge  that  it  had  been  previously  proposed  to  alloy  gold  or 
platinum  with  steel ;  and,  in  his  opinion,  "such  efforts  or  experiments 
failed  in  producing  any  beneficial  results,"  because  the  gold  or  plati- 
num was  used  i4  in  very  huge  quantities,"  never  smaller  than  several 
pounds  to  the  ton  of  steel.    This  would  be  rather  costly  steel !  The 
objection,  however,  does  not  apply  to  the  alleged  44  improvements"  of 
Longmaid,  who  may  l)e  fairly  regarded  as  the  Hahnemann  of  metal- 
lurgy.   But  before  I  become  his  disciple,  I  shall  require  something 
like  evidence  of  the  efficacy  of  his  treatment.    In  the  provisional  s]>eei- 
ficat  ion  of  another  patent/  Longmaid  claimed  the  addition  of  aluminium 
or  magnesium  in  small  quantity  during  the  operations  of  refining  or 
puddling;  but  this  claim  was  omitted  in  tho  specification  itself. 

According  to  Gueymard,  certain  varieties  of  cast-iron  of  Savoy  are 
platiniferous.4 

Iron  and  Rhodium. 

Faraday  and  Stodart  alloyed  cast-steel  with  rhodium  which  was 
supplied  to  them  for  the  purposo  by  Dr.  Wollaston  :s  the  metals 
unite  in  all  proportions.  Steel  thus  alloyed  was  characterized  by 
remarkablo  hardness,  combined  with  sufficient  tenacity  to  prevent 
cracking  either  in  forging  or  in  hardening.  In  tempering  cutting 
articles  made  of  this  alloy,  it  was  necessary  to  heat  them  1G*6°C. 
(:10°  Fah.)  higher  than  the  bestwootz,  and  woote  required  to  be  heated 
full  22-2°C.  (40°  Fah.)  above  the  best  English  cast-steel.  The  specific 
gravity  of  hammored  steel  containing  I'5°/0  of  rhodium  was  7*795. 
Steel  fused  with  its  own  weight  of  rhodium  '«  gave  a  button,  which, 
when  polished,  exhibited  a  surface  of  the  most  exquisite  beauty." 
The  colour  of  this  alloy  is  described  as  the  4k  finest  imaginable"  for 
metallic  minors ;  it  docs  not  tarnish  by  long  exposure  to  the  atmos- 
phere, and  its  specific  gravity  was  0  •  170."  The  alloys  of  steel  with 
rhodium  wero  regarded  by  Faraday  and  Stodart  as  44  perhaps  the  most 
valuable  of  all." 

Iron  and  Palladium. 

Faraday  and  Stodart  fused  4  lbs.  of  steel  with  of  palladium, 
and  they  describe  the  alloy  as  44  truly  valuable,  more  especiall}'  for 
making  instruments  that  require  perfect  smoothness  of  edge."7  I  am 
not  aware  whether  any  other  experiments  have  been  made  on  this 
alloy.  A  few  years  ago  the  supply  of  palladium  from  South  America 
was  pretty  abundant,  and  the  selling  price  was  between  1/.  and  U.  10s. 
per  ounce  ;  but  of  late  it  has  become  very  scarce,  and  is  now  more 
than  twice  as  costly  as  fine  gold.    To  any  one  who  may  be  disposed  to 


3  A.D.  1861,  No.  18G3.  tifique  tie  France." 

4  Ann.  do  la  Chambro  Royalo  d'Agri-      4  Quarterly  Journ.  ante  cit.  p.  829. 
culture  et  <le  Commerce  de  Savoie.   Cham-       6  Phil.  Trans,  ante  cit.  p.  250. 
Wry,  1858  :  p.  440.  Quoted  from  the  Report  .     7  Ibid.  p.  254. 
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make  further  trial  of  this  metal  with  reference  to  steel,  a  knowledge  of 
the  following  facts  will  be  useful.  It  cannot  be  melted  in  an  ordinary 
Mast-furnace,  though  it  may  by  means  of  oxygen.  According  to  Mr. 
Cock,  who  lias  had  great  experience  in  its  preparation  on  the  large 
scale,  it  is  not  oxidized  in  the  air  at  the  ordinary  temperature,  or  at  a 
bright  redness ;  but  it  oxidizes  in  the  air  at  dull  redness,  its  surface 
becoming  coloured  in  the  same  manner  as  iron  or  steel.  By  thus 
cautiously  heating  it  for  some  time,  it  acquires  a  brittle  coating  of 
brown  oxide,  which,  however,  is  reduced  by  a  temperature  very  little 
beyond  that  required  for  its  formation.8 

Iron  and  Osmium-Iiudium. 

Faraday  and  Stodart  fused  pure  iron  with  .'J°/Q  of  osmium  iridium, 
and  obtained  a  button,  which  when  forged  and  polished  was  exposed 
with  many  other  pieces  of  iron,  steel,  and  alloys,  to  a  moist  atmos- 
phere :  it  was  the  last  of  all  showing  rust.  Its  colour  was  distinctly 
blue  ;  it  hardened  when  heated  to  redness  and  quenched  in  water,  and 
vet  no  carbon  could  be  detected  in  it.' 

Iron-  and  Aluminium. 

According  to  Deville,  iron  and  aluminium  directly  combine  in  all 
proportions.    lie  describes  the  alloys  which  contain  from  7°/0  to  8  '/ 
of  iron  as  hard,  brittle,  and  crystallized  in  long  needles.    The  alloy 
with  10D/Ocjf*  iron  much  resembles  the  tersulphide  of  antimony  (SbS"); 
by  liquation  this  alloy  yields  a  residue  but  little  fusible,  and  aluminium 
less  ferriferous.'    Iron  tools  which  are  used  in  stirring  molten  alumi- 
nium become  coated  with  a  bright  adherent  layer  of  this  metal.  An 
alloy  made  by  heating  10  parts  by  weight  of  aluminium  with  5  of  proto- 
chloride  of  iron  under  a  mixture  of  20  of  the  chlorides  of  potassium 
and  sodium  was  crystalline ;  and  by  the  action  of  very  dilute  hydro- 
chloric acid  yielded  somewhat  corroded  six-sided  prisms  of  the  colour 
of  iron.    By  long  boiling  with  a  solution  of  caustic  soda,  the  whole 
of  the  aluminium  is  dissolved,  and  the  iron  left.    It  does  not  decom- 
pose water  at  100°C,  but  it  rusts  in  moist  air.    By  analysis  it  was 
found  to  consist  of  52*  14%  of  iron  and  4f>-:>7%  of  aluminium,  so 
that  it  may  be  nearly  represented  by  tho  formula  FoAl*,  which  gives 
50-51%  of  iron  and  49*49%,  of  aluminium.1    Messrs.  Calvert  and 
Johnson,  of  Manchester,  have  published  the  results  of  some  experi- 
ments on  the  alloys  of  iron  and  aluminium."     M  Tho  first  alloy  of 
aluminium  and  iron  was  obtained  by  heating  to  a  white-heat,  for  two 
hours,  the  following  mixture  : — 

8  equivalents  of  chloride  of  aluminium   107(i 

40  equivalent*  of  flue  iron  filings.   1120'0 

8  equivalents  of  lirm-   224  •  0 

1  Phil.  Mag.  23.  p.  18.  1843.  i    *  Ueber  krystalliairte  Verhindungen  des 

'  Phil.  Trans,  ante  cit.  p.  208.  Aluminium  niit  Metallen.  Inaugurnl- 

'  IX  I  Aluminium,  m-s  Propriete*,  m    Dissertation.      Ferd.     Koinh.  Michel. 

frUfatioii,  et  ses  Application.-.    Par  M.    (i  .ttingen.    1860.  p.  33. 

H.  Sainte-Claire  Deville.    Pari,*.    185!».       3  Phil.  Mag.  Oct.  1855. 

p.  40. 
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44  Tho  lime  was  added  to  the  mixture  with  the  view  of  removing 
the  chlorine  from  the  chloride  of  aluminium,  so  as  to  liberate  the  metal 
aluminium  ;  by  forming  a  fusible  chloride  of  calcium,  and  subtracting 
the  lime  from  the  above  proportions,  we  ought  to  have  obtained  an 


alloy  having  the  composition  of — 

I  equivalent  of  aluminium   14    =  0*09 

5  equivalent*  of  iron    HO    =    90- 91 

154    =  100-00 

whilst  tho  alloy  which  we  found  at  the  bottom  of  the  crucible  was 
composed  of  100  parts,  as  follows: — 

Aluminium   12  00 

Iron   88  00 

■ 

100- 00 

which  leads  to  the  following  formula : — 

1  equivulent  of  aluminium    11-11 

4  equivalent*  of  iron    88' 89 

100  00" 


The  alloy,  it  is  stated,  44  was  extremely  hard,  and  rusted  when  exposed 
to  a  damp  atmosphere ;  still  it  could  be  forged  and  welded." 

How  the  lime, — oxide  of  calcium, —could  remove  the  chlorine  from 
the  chloride  of  aluminium,  without  at  the  same  time  oxidizing  the 
aluminium,  we  are  not  informed. 

By  repeating  the  preceding  experiment  with  the  addition  of  some 
very  fine  charcoal  powder,  Messrs.  Calvert  and  Johnson  procured  a 
similar  alloy  consisting  of  87-91%  of  aluminium  and  12-09  %  of  iron. 
In  the  residual  mass  of  chloride  of  calcium  and  charcoal  were  nume- 
rous globules  varying  in  size  from  that  of  a  large  pea  to  that  of  a  piu- 
head  ;  they  wore  extremely  hard,  and  as  white  as  silver,  and  did  not 
rust  in  damp  air,  nor  even  when  exposed  to  44  hyponitric  fumes they 
were  composed  of  24- 55%  of  aluminium  and  75*45%  of  iron,  which 
corresponds  to  the  formula  Al'  Fea.  The  authors  state  that  44  therefore 
this  alloy  has  tho  same  composition  as  alumina,  the  iron  taking  the 
plaeo  of  the  oxygen  which  exists  in  the  latter."  (!)  By  the  action  of 
weak  sulphuric  acid  tho  iron  was  dissolved,  leaving  the  aluminium  in 
globules  of  exactly  the  same  form  as  those  of  the  original  alloy.  The 
authors  promised  further  results,  but  1  do  not  know  whether  that 
promise  has  been  fulfilled. 

Faraday  and  Stodart  believed  they  had  succeeded  in  obtaining  an 
alloy  of  iron  and  aluminium  by  the  direct  reduction  of  alumina  ;  and, 
as  the  subject  may  be  of  great  practical  importance,  I  present  an 
account  of  their  experiments  in  exteitso.  44  Pure  steel  in  small  pieces, 
and  in  some  instances  good  iron,  being  mixed  with  charcoal  powder, 
were  heated  intensely  for  a  long  time;  in  this  way  they  formed  car- 
burets, which  posses>ed  a  very  dark  metallic  grey  colour,  something  in 
appearance  like  the  black  ore  of  tellurium,  and  highly  crystalline. 
When  broken,  (he  facets  of  small  buttons,  not  weighing  more  than 
50O  grains,  were  frequently  above  the  eighth  of  an  inch  in  width. 
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The  results  of  several  experiments  on  its  composition,  which  appeared 
very  uniform,  gave  94*36  iron,  -f-5'64  carbon.  This  being  broken 
and  nibbed  to  powder  in  a  mortar,  was  mixed  with  pure  alnmine,  and 
the  whole  intensely  heated  in  a  close  crucible  for  a  considerable  time. 
On  being  removed  from  the  furnace,  and  opened,  an  alloy  was  obtained 
of  a  white  colour,  a  close  granular  texture,  and  very  brittle :  this, 
when  analysed,  gave  0*4  [  =  3*41  of  aluminium]  percent,  alumine 
and  a  portion  of  carbon  not  accurately  estimated.  700  of  good  steel,  with 
40  of  the  alumine  alloy,  were  fused  together,  and  formed  a  very  good 
button,  perfectly  malleable ;  this,  on  being  forged  into  a  little  bar,  and 
the  surface  polished,  gave,  on  the  application  of  dilute  sulphuric  acid, 
the  beautiful  damask  ....  belonging  peculiarly  to  wootz.  A  second 
experiment  was  made  with  500  grains  of  the  same  steel,  and  G7  of  the 
alumine  alloy,  and  this  also  proved  good ;  it  forged  well,  and  gave  the 
damask.  This  -specimen  has  all  the  appreciable  characters  of  the  best 
Bombay  wootz."'  * 

Wootz  had   been  previously  analysed  by  Faraday,5  and  found  to 
contain  from  0  '0128%  to  0*0095%  of  aluminium  ;  and,  hence,  it  was 
inferred  that  the  damask  of  this  well-known  variety  of  Indian  steel 
was  due  to  the  presence  of  that  metal.    Karsten  analysed  genuine 
wootz,  and  was  unable  to  discover  in  it  appreciable  traces  of  alu- 
minium.   He  describes  his  method  of  analysis,  which  appears  to  bo 
perfectly  satisfactory.    He  is  puzzled  to  understand  how  in  Faiaday s 
analysis  the  whole  of  the  alumina  should  have  been  found  in  the 
residue  insoluble  in  nitro-hydrochloric  acid,  especially  as  in  his  own 
experiments  on  tho  action  of  this  acid  on  wootz  only  traces  of  silica 
were  left  undissolved.6    The  late  Mr.  T.  H.  Henry,  who  was  an  ex- 
tremely accurate  and  trustworthy  analyst,  failed  to  detect  the  slightest 
trace  of  aluminium  in  wootz ;  and  suggested  that  the  aluminium  found 
by  Faraday  might  have  been  derived  from  intermingled  slag  contain- 
ing silicate  of  alumina  ;  for  he  remarked  that  in  the  wootz  in  little 
round  cakes  of  tho  usual  description,  such  as  Faiaday  operated  upon, 
"small  particles  of  slag  are  often  so  intimately  mixed  with  the  metal 
as  to  defy  separation."    He  preferred,  consequently,  to  analyse  a  por- 
tion uf  a  bar  made  from  wootz,  from  which,  during  tho  process  of 
forging,  the  slag  might  be  expected  to  be  more  or  less  completely  ex- 
truded.7   But  in  the  analysis  of  one  specimen  of  wootz  by  Faraday 
alumina  without  silica  was  obtained. 

Now,  as  Karsten  remarks,  there  can  be  no  doubt  that  Faraday  in 
his  analysis  of  wootz  obtained  a  substance  possessing  the  characteristic 
properties  of  alumina,  however  difficult  it  may  be  to  account  for  the 
presence  of  the  whole  of  that  substance  in  tho  insoluble  residue ;  and 
there  can  also  bo  no  doubt  that  tho  specimens  of  genuine  wootz  operated 
on  by  Karsten  and  Henry  were  free  from  aluminium.  Tho  conclusion, 
therefore,  is  that  tho  quality  of  this  steel  does  not,  as  Faraday  and 
Stodart  inferred,  depend  upon  the  presence  of  aluminium.    1'ut  what 


'  Quarterly  Journ.  unte  cit.  p.  320. 
i»»i.t.  7.  p.  2S8.  18l!>. 


*  1.  p.  481. 

7  Phil.  Ma<?.  4.  p  42.  1852. 
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must  bo  stated  concerning  the  "alumine  alloy"  (in  which  the  pro- 
portion of  aluminium  was  ascertained  by  analysis),  and  the  fact 
that  the  addition  of  this  alloy  to  steel  produced  a  metal  in  all  respects 
resembling  wootz  ?  This,  at  least,  is  strong  synthetical  evidence, 
proceeding  as  it  does  from  one  of  the  most  accurate  and  conscientious 
observers  the  world  has  yet  seen. 

In  order  that  the  reader  may  be  able  to  form  his  own  judgment 
concerning  Faraday's  results,  I  now  subjoin  in  as  condensed  a  form  as 
possible  tho  essential  parts  of  his  own  description  of  the  process  so  tan- 
as relates  to  alumina.     The  wootz  was  obtained  from  Sir  Joseph 
Hanks,  and  tho  piece  operated  on  weighed  1G4-3  grs.,  and  was  cut 
from  the  middle  of  a  cake  when  heated  to  cherry-redness,  so  that  it 
was  in  the  same  state  as  it  came  from  the  crucible  of  the  Indian  steel- 
maker.   It  was  heated  in  a  flask  with  nitro-hydrochloric  acid  and 
gradually  dissolved,  with  the  separation  of  dark-coloured  flakes,  which 
were  unalterable  even  in  the  boiling  acid.    When  all  action  had 
ceased,  tho  solution  was  poured  off  from  the  sediment,  which  was  re- 
peatedly washed  with  distilled  water.    During  washing  it  became 
resolved  into  a  black  powder  which  sank  to  the  bottom,  and  reddish 
brown  flocculi  which  remained  suspended,  and  which  were  found  to 
be  carbonaceous  matter  soluble  in  caustic  potash.    These  were  sepa- 
rated from  each  other  and  examined  apart.    The  black  powder  was 
fused  with  potash  in  a  silver  capsule  and  the  product  treated  with 
water,  when  a  clear  alkaline  solution  was  obtained  and  a  brown 
powder,  which  proved  to  consist  chiefly  of  silver  derived  from  the 
capsule.     The  solution  was  saturated  with  hydrochloric  acid  and 
evaporated  to  dryness,  and  tho  residue  was  re-dissolved  in  water  with 
tho  addition  of  a  little  hydrochloric  acid,  when  a  very  small  quantity 
of  white  flocculi  were  left  untouched,  which  were  insoluble  in  acids, 
and  had  the  characters  of  silica.    The  solution  on  the  addition  of  car- 
bonate of  potash  gave  an  abundant  precipitate.    This  was  washed, 
and  when  heated  with  a  little  solution  of  potash,  dissolved  in  it  like 
alumina.    Sulphuric  acid  was  then  added,  and  a  solution  of  alum  was 
obtained,  a  little  silica  precipitating.    In  a  second  experiment,  Fara- 
day oporatcd  on  G25  grs.  of  Indian  steel  in  the  same  state  as  imported. 
44  The  appearance  of  it,  whilst  being  acted  upon  by  the  acid,  was  very 
different  to  that  of  the  wootz."    It  gave  0*024  °/Q  of  alumina  and  no 
silica.    Faraday  also  operated  on  420  grs.  of  tho  best  English  steel, 
but  44  could  obtain  no  earths  from  it."    A  slight  appearance  of  opacity 
in  a  solution  was  at  last  produced,  which  ho  ascertained  to  be  due  to 
alumina  derived  from  the  tests  employed.    44  Many  comparative  ex- 
periments," Faraday  statos,  44  were  afterwards  made  with  the  three 
specimens  of  steel :  those  from  India  always  appeared  perfectly  distinct 
from  each  other  in  the  kind  and  quantity  of  earths  they  gave,  and  the 
English  steel  invariably  appoared  without  the  earths ;  neither  was  there 
the  slightest  reason  offered  for  the  supposition  I  at  first  entertained, 
that  the  earths  came  from  the  tests  used  in  the  analysis."  B 

-  Quarterly  .J«»uni.  7.  imtc  cit. 
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Karsten,  in  his  analyses  of  various  kinds  of  malleable  iron,  steel, 
and  cast-iron,  rarely  detected  aluminium,  and  then  only  in  unweigh- 
able  quantities.  The  method  of  analysis  which  he  adopted  is  that 
usually  described,  namely,  solution  in  nitro-hydroehloric  acid,  evapo- 
ration to  dryness,  moistening  the  residue  with  hydrochloric  acid, 
dissolving  in  water,  filtering,  precipitating  by  ammonia,  redissolving 
the  precipitate  in  the  smallest  possible  quantity  of  hydrochloric  acid, 
then  boiling  with  excess  of  potash,  diluting  with  much  water,  filter- 
ing, acidifying  the  filtrate  with  hydrochloric  acid,  and  finally  adding 
excess  of  carbonate  of  ammonia. 

Three  experiments  on  a  large  scale  were  made  by  Karsten  to 
ascertain  the  effect  of  adding  alumina  to  the  charge  of  cast-iron  in 
the  process  of  conversion  into  malleable  iron  in  the  charcoal  hearth, 
fhe  only  result  was  to  protract  the  process,  owing  to  the  formation  of 
silicate  of  protoxide  of  iron  in  great  quantity.  There  was  no  injurious 
effect  upon  the  bar-iron,  from  whicli  by  analysis  he  scarcely  obtained 
traces  of  alumina.9  lie  doubted  whether  any  reduction  of  alumina 
takes  place  in  the  blast-furnace  ;  and  concluded  that  aluminium  would 
greatly  diminish  the  tenacity  of  iron,  as  the  bar  iron  which  yielded 
the  strongest  traces  of  alumina  was  always  rotten. 

The  term  damaxk,  as  applied  to  steel,  is  familiar  to  most  persons; 
but  as  it  may  be  unknown  to  some,  I  will  now  explain  its  meaning, 
it  is  used  to  designate  the  elaborate  markings  on  the  surface  of  certain 
varieties  of  polished  steel,  such  as  the  renowned  sword-blades  of 
Damascus.  Johnson's  definition  and  derivation  of  damask  are  as 
follow :  "  Linen  or  silk  woven  in  a  manner  invented  at  Damascus,  by 
which  part,  by  a  various  direction  of  the  threads,  exhibits  flowers  or 
other  forms."  1  Now,  if  this  be  correct,  it  is  a  question  whether  tho 
word  damask  as  applied  to  steel  may  have  been  derived,  not  from  the 
place  of  manufacture,  but  from  tho  fancied  resemblance  between  the 
markings  in  question  and  the  damask  patterns  on  textile  fabrics. 
However,  it  seems  most  probable  that  tho  locality  is  really  tho  origin 
of  the  name. 

Thox  and  Chromium. 

On  this  subject  wo  are  chiefly  indebted  to  Berthier  for  informa- 
tion.1 He  states  that  iron  and  chromium  may  be  alloyed  in  every 
kind  of  proportion  ;  that  the  alloys  are  very  hard,  brittle,  and  crystal- 
line in  structure ;  and  that  they  aro  "  of  a  more  grey  and  brighter 
white,"  less  fusible,  much  less  magnetic,  and  much  less  easily  attacked 
by  acids  than  iron.  The  degree  in  which  these  properties  aro  mani- 
fested is  proportionate  to  tho  amount  of  chromium  in  the  alloy.  Tho 
alloy  containing  17%  of  chromium,  i.e.  nearly  of  tho  formula  FoM  'r,  is 
described  by  Berthier  as  almost  silver  white,  fibrous  in  structure,  with 
difficulty  attacked  by  acids,  and  very  brittle.  The  alloy  containing 
M7-  of  chromium  was  melted  into  a  well-rounded  button,  which  was 


*  I.  p.  483.        1  A  Dictionary  of  the  English  I^uigtmgi-.    I  SO.**.   Longman  und  Co. 

-  Tr.2.  p.  214. 
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full  of  large  bubbles,  lined  with  elongated  and  intersecting  prismatic 
crystals;  it  is  whiter  than  platinum,  and  so  fragile  that  it  may  be 
reduced  to  fine  powder  in  an  agate  mortar ;  its  hardness  is  so  great  that 
it  scratches  glass  almost  as  deeply  as  a  diamond  ;  it  is  attacked  with 
great  difficulty  by  the  strongest  acids,  even  the  nitro-hydrochloric. 
Perthier  states  that  these  alloys  may  bo  easily  obtained  by  very 
strongly  heating  in  brasqued  crucibles  the  mixed  oxides  of  iron  and 
chromium  ;  and  when  the  oxide  of  chromium  predominates,  the  addi- 
tion of  a  little  charcoal  powder  is  desirable  in  order  to  promote  re- 
duction. When  the  quantity  operated  on  iB  considerable,  sufficient 
charcoal  powder  to  effect  reduction  should  be  intermixed.  They  may 
also  bo  prepared  from  chrome-iron  ores ;  but  in  that  case  a  flux  is  re- 
quired to  retain  the  silica  and  alumina  which  may  be  present  in  these 
ores.  A  good  flux  for  this  purpose  is  a  mixture  of  100  parts  of  glass 
(free  from  lead)  and  40  of  glass  of  borax  to  100  of  ore.  According  to 
Frcmy  an  alloy  of  iron  and  chromium  may  be  formed  by  heating  in  a 
blast-furnaco  oxide  of  chromium  and  metallic  iron ;  it  frequently 
crystallizes  in  long  needles ;  it  resembles  cast-iron,  and  scratches  the 
hardest  bodies,  even  hardened  steel.*  Like  chromium,  the  alloys  of 
this  metal  and  iron  are  stated  to  resist  the  action  of  concentrated 
acids. 

The-  following  experiments  have  been  made  by  Mr.  Smith  in  my 
laboratory  : — Ked  haematite  nearly  pure  was  used,  and  sesquioxide  of 
chiomium  prepared  by  heating  together  chloride  of  ammonium  and 
bichromate  of  potash,  washing  out  with  hot  water,  and  igniting. 
The  quantities  weighed  out  were  intimately  mixed,  and  put  into  a 
charcoal-lined  French  crueible  ;  the  cavity  afterwards  filled  up  with 
charcoal  powder ;  the  whole  luted  over,  and  exposed  to  a  white  heat 
for  2  hours. 

Proportions  taken  for  the  experiments  as  follow  : — 

i.        ii.       nr.  iv. 

Grain*,  drains.  Li  mint,  Urulus. 

Haunatito                                     190  150  150  SO 

Sesquioxidc  of  chromium                     10  50  150  150 

Curbon   ,  *50  *50  t75  t  50 

Weight  of  metal  obtniuo.1   152  145         229  147 

•  Ctiarcottl  powder  t  Anthracite  powder. 

Percentage  composition  of  metal  obtained  : — 

Iron  J95'7b'        7203        45-37  23-42 

Chromium    4-24      J  27  07      ;54  U3      ;7«i  f>8 

X  Carbon  prrscut ;  amount  not  dvtcnnin«-d. 

If  we  suppose  the  luematite  contains  70"/o  of  iron,  and  the  sesqui- 
oxide of  chromium  69°/0  of  chromium,  and  the  whole  of  the  metals  be 
separated  without  taking  up  carbon,  the  buttons  of  metal  should  have 
weighed  137-^,  13l>-5,  208*5,  and  138-5  grs.  respectively,  and  eon- 


3  CompU  s  Rendu*,  44.  p.  ti»2.  1H57. 
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tained  05%,  75-2%,  50  3  %,  and  25«370  of  iron  ;  thus  approximating 
to  the  formula}  Fe'Tr,  Fe'Cr,  FeCr,  FeCr». 

Ex.  1.  Result.  A  well  fused  button  with  globules ;  attracted  by  the 
magnet,  with  traces  of  interlacing  crystals  on  the  external  surface ; 
hard,  splits  under  the  hammer,  and  scratches  glass;  fracture  white 
and  bright,  with  crystalline  plates  extending  across  the  fractured  sur- 
face. Digested  with  dilute  sulphuric  or  hydrochloric  acid,  it  evolves 
fetid  hydrogen,  and  leaves  traces  of  black  residue.  The  chromium 
only  was  determined. 

Ex.  2.    Result.    A  well-fused  button  with  globules  ;  attracted  by  the 

magnet ;  hard,  and  scratches  glass ;  brittle ;  readily  reduced  to  powder ; 

fracture  tin-white,  very  bright,  and  finely  granular  ;  crystalline.  On 

boiling  the  finely  powdered  metal  with  sulphuric  and  hydrochloric 

acids,  it  is  acted  on  with  difficulty.    Fetid  hydrogen  is  given  off,  a 

scum  forms  on  the  surface  of  the  solution,  and  a  residue  is  left  which 

resists  the  prolonged  action  of  the  acid.   This  residue  was  decomposed 

by  repeated  fusions  with  a  mixture  of  lime  and  nitre.    Of  the  total 

amount  of  iron  present,  this  residual  metal  contained  l'71°/0i  and 

in  another  determination  6'^470.  Iron  only  was  determined  in  the 
alloy. 

Ex.  'A.  Result.  A  somewhat  spongy  button  with  metallic  globules ; 
not  attracted  by  the  magnet;  hard;  scratches  glass;  easily  crushed 
and  reduced  to  powder ;  fracture  finely  granular,  bright,  and  greyish- 
white.  Action  of  acids  on  the  alloy  similar  to  2.  Of  the  total 
amount  of  iron  present,  the  residue  contained  5*37%;  i»  another 
estimation,  7  ■  69  %.    Iron  only  was  determined. 

Ex.  4.  Result.  An  imperfectly  fused  spongy  mass,  less  coherent 
than:?.  Not  attracted  by  the  magnet;  very  hard;  scratches  glass; 
can  be  crushed  and  reduced  to  powder;  colour  yellowish-grey  white; 
lustre  somewhat  dull.  Centre  portion  of  button  filled  with  minuto 
needle  shaped  crystals,  which  have  a  bright  reflecting  surface.  Action 
of  acids  on  the  alloy  similar  to  2.  Of  the  total  amount  of  iron  present, 
the  residue  contained  G'05%;  in  another  experiment,  0-01  70.  Iron 
only  was  determined. 

W  ith  regard  to  steel,  Herthier  found  that  the  addition  of  1  n/  or 
2°/a  of  chromium  to  the  molten  metal  communicates  hardness  and  the 
property  of  taking  a  very  beautiful  damask,  without  diminishing  its 
malleability.  Faraday  and  Stodart  have  examined  the  effect  of 
enivmium  on  steel,  and  obtained  the  following  results  : — 4 

I-  A  mixture  of  1600  grs.  of  steel  and  10  grs.  of  pure  chromium 
was  fused,  and  kept  so  for  some  time.  Tho  button  was  good,  and, 
'uongh  hard,  forged  well,  without  showing  any  tendency  to  crack, 
fhe  alloy  should  have  contained  0*99°/Oof  chromium.  The  surface, 
after  having  Wen  brightened  and  slightly  acted  upon  by  dilute  sul- 
phuric acid,  appeared  crystalline ;  and  by  similar  treatment  of  the 


*  Phil.  Trans,  ante  cit.  p.  2o7. 
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forged  motal  a  "  very  beautiful  damask  "  was  produced,  which  was 
ascribed  to  the  elongation  of  the  crystals  by  the  process  of  forging. 

2.  A  mixture  of  1600  grs.  of  steel  and  48  grs.  of  pure  chromium 
was  melted  as  before.  The  button  should  have  contained  2*9 1°/.  of 
chromium.  It  was  considerably  harder  than  the  last,  was  as  malle- 
able as  pure  iron,  and  also  gave  a  very  fine  damask.  44  The  damask 
was  removed  by  polishing,  and  restored  by  heat  without  the  use  of  any 
acid.  The  damasked  surface,  now  coloured  by  oxidation,  had  a  very 
novel  appearance :  the  beauty  was  heightened  by  heating  the  metal  in 
a  way  to  exhibit  all  the  colours  caused  by  oxidation,  from  pale  straw 
to  blue,  or  from  about  463°  to  600°  Fah.  (from  about  239°  C.  to 

3i5°  ay 

Mushet  has  obtained  a  patent  for  44  adding  to  and  melting  with  any 
mixture  of  materials  which  when  melted  produces  cast-steel,  a 
quantity  of  a  mixture  of  pulverized  pig-iron,  cast  iron,  or  refined  iron 
and  oxide  of  manganese  with  pulverized  chrome  ore  or  oxide  of 
chromium,"  with  or  without  the  addition  of  "pulverized  wolfram  ore, 
or  tungstic  acid."  5 

I  have  not  mot  with  any  trustworthy  observations  or  experiments 
on  the  action  of  chromium  upon  cast-iron.  Karsten  examined  bar-iron 
uiado  from  cast-iron  containing  a  small  quantity  of  chromium,  but 
failed  to  detect  a  trace  of  this  metal ;  from  which  it  appears  that  in 
the  process  of  converting  cast  into  malleablo  iron  in  tho  charcoal 
hearth,  tho  whole  of  the  chromium  is  separated. 

Ikon  and  Tungstkn. 

Tungsten  was  first  obtained  in  the  metallic  state  by  the  brothers 
D'Elhuyar,  Spaniards,  in  1783.  They  communicated  their  researches 
to  the  Academy  of  Sciences  at  Toulouse,  March  24th,  1784,  in  an 
admirable  memoir,  which  is  well  worthy  of  perusal  even  at  the 
present  day.8  They  attempted  to  prepare  alloys  of  tungsten  by 
heating  tho  acid  (WO*)  and  the  metals  in  brasqued  crucibles.  They 
described  its  alloys  of  gold,  platinum,  copper,  lead,  tin,  antimony, 
bismuth,  zinc,  manganese,  and  white  cast-iron,  but  not  with  malleable 
iron  or  steel.  All  that  they  state  with  regard  to  iron  is  that,  44  with 
the  iron  of  white  cast-iron  it  formed  a  perfect  button,  of  which  the 
fracture  was  compact  and  greyish-white.  Jt  was  hard,  tender  (aigre), 
and  weighed  137  grs."  They  prepared  it  by  reducing  tungstic  acid 
with  earl>on  at  a  high  temperature.  M.  Iticho  is  the  only  person  who 
has  succeeded  in  fusing  tungsten,  and  he  did  so  by  means  of  a  current 
from  a  battery  of  200  ordinary  Bunsen-cells  belonging  to  the  Faculty  of 
Sciences,  Paris.    Under  the  conditions  a  considerable  portion  of  the 


'*  A.D.  18G1,  July  10,  No.  1817.    Im-  teres,  eorrespondants.    Lu  le  24  Mai*, 

pruvemcuta  in  the  Manufacture  of  Cast-  1784.    Histoire  et  Memoirs  du  l'Acade- 

stet'L  mie  Koyalc  clea  Sciences,  Inscriptions,  et 

•  Meiuoirc  stir  la  nature  dti  Volt'rani  et  licllen  Lettres  do  Toulouse.   1784.   2.  p 

eelle  d'uu  notmau  metal  <|ui  cntre  dttil*  141, 
w  composition,    Pat  MM.  D'Elhuyar 
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metal  oxidizes  with  the  production  of  a  greenish-bine  flame.  Riche 
states  that  it  also  fuses  and  very  quickly  before  the  oxy  hydrogen 
blowpipe;  but  then  the  greater  part  of  the  metal  oxidizes  and  is 
dissipated  in  fumes  of  tungstic  acid.  According  to  the  same  observer, 
tungsten  reduced  from  tungstic  acid  by  hydrogen  is  in  distinct  bright 
crystalline  grains,  which  take  a  fine  polish  on  friction  and  scratch 
glass  with  facility.7  I  may  state  that  many  years  ago  I  devoted  con- 
siderable time  to  an  experimental  investigation  respecting  certain  com- 
pounds and  alloys  of  tungsten,  of  which  the  results  will  hereafter  be 
duly  recorded.  I  could  not  melt  the  metal  at  the  highest  temperatures 
of  air-furnaces,  or  of  Sefstrom's  blast-furnace.  By  reducing  crystal- 
lized tungstatc  of  ammonia  in  a  current  of  hydrogen  at  a  red-heat,  I 
obtained  the  metal  in  the  form  of  the  crystals  with  a  bright  metallic 
lustre  and  tin-white  colour.  Whether  nitrogen  is  concerned  in  this 
result,  I  do  not  know.  Aikin  and  Allen  long  previously  published 
the  fact  that  by  the  reduction  of  acicular  crystals  of  tungstate  of 
ammonia  the}*  procured  the  metal  in  roundish  grains  "  about  the  sizo 
of  a  pin's  head,  with  a  very  brilliant  metallic  lustre."' 

The  alloy  composed  of  63  %  of  iron  and  37  %,  i.e.  nearly  according 
to  the  formula  FeeW,  is  described  by  Berthier  as  having  a  whiter  grey 
colour  than  iron,  brilliant,  hard,  more  brittle  than  common  cast-iron, 
and  lamellar  in  structure ;  it  was  somewhat  bubbly.9  Tho  following 
observations  on  the  triple  alloy  of  iron,  manganese,  and  tungsten  aro 
also  by  Berthier.  The  well-known  mineral  wolfram,  after  having 
been  very  strongly  heated  in  a  brasqued  crucible,  gave  an  alloy  con- 
sisting of  16*470  of  iron,  5-8%  of  manganese,  and  77*8%  of  tungsten, 
nearly  corresponding  to  the  formula  Fe'MnYY4.  It  requires  the 
highest  temperature  of  furnaces  for  fusion ;  it  is  hard,  brittle,  and 
lamellar,  and  resembles  white  cast-iron.  With  14  parts  by  weight  of 
wolfram  and  9*5  parts  of  iron  scales,  Berthier  got  an  alloy  consisting 
of  43-4  70  of  iron,  3*5%  °f  manganese,  and  53*1  %  °f  tungsten,  i.e. 
nearly  corresponding  to  the  formula  Fe,3MnW\  It  was  hard,  brittlo, 
lamellar,  platinum  grey  in  colour,  and  completely  fusible. 

In  1844  the  Due  do  Luynes  published  a  memoir  on  the  manufac- 
ture of  cast  and  damasked  steel.'  In  nine  analyses  which  ho  has 
given  of  various  kinds  of  Oriental  damasked  steel,  tungsten  appears  in 
eight ;  in  six  of  these,  it  is  stated,  only  traces  of  that  metal  were 
present;  while  of  the  other  two,  one  contained  0-518%  *nd  the  other 
exactly  1  %  of  it.  In  all  of  these  analyses  nickel  appears  as  a  con- 
stituent, ranging  from  44  traces  "  to  3*9355  °/Ql  and  tho  proportion  of 
carbon  set  down  so  far  exceeds  that  which  has  been  found  even  in  the 
most   highly   earburized   cast-iron   by  trustworthy  observers,— the 


'  These  presentee  a  la  Faculty  des 
Science*  de  Pari*.  Par  M.  Alfred  Riche. 
1857.  p.  13. 

1  A  Dictionary  of  Chemistry  and 
Mineralogy.  By  A.  and  0.  It.  Aikin. 
1807.  2.  p.' 445. 

•  Tr.  2.  p.  215. 


1  Me'moire  sur  la  fabrication  de  lacier 
fondu  et  damasse.  Pur  II.  de  Luynes, 
Paris.  1844.  I  have  not  seen  the  original, 
hut  quote  from  the  notice  in  Dingier'* 
**  Polytechuiwchea  Journal,''  <><!.  p.  KM 5. 
1845. 
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smallest  proportion  being  7*758%  and  the  largest  13°/c, — that  the 
competency  of  the  Duke  as  an  analyst  may  fairly  be  questioned.  1 
shall,  therefore,  dismiss  from  further  consideration  the  analytical 
statements  of  the  author  of  the  memoir  in  question,  and  the  conclusions 
which  he  may  have  drawn  from  them.  However,  he  made  several 
synthetical  experiments,  of  which  a  record  may  be  interesting. 

1.  A  mixture  of  2000  parts  by  weight  of  soft  nail  iron,  100  of 
wolfram,  and  175  of  oak  sawdust,  was  heated  to  bright  redness  in  a 
brasqued  crucible  ;  the  product,  which  was  well  fused,  was  remelted 
with  an  equal  weight  of  nail  iron,  when  a  very  malleable  steel  with  a 
beautiful  damask  was  obtained. 

2.  A  mixture  of  3000  of  nail  iron,  144  of  carbonate  of  protoxide  of 
manganese,  150  of  wolfram,  and  270  of  sawdust,  was  treated  in  exactly 
the  same  manner,  and  gave  the  same  result. 

3.  A  mixture  of  1000  of  nail  iron,  48  of  carbonate  of  protoxide  of 
manganese,  10  of  tungstic  acid,  10  of  oxide  of  nickel,  and  113  of  saw- 
dust, gave  a  beautiful  result,  but  the  steel  was  more  difficult  to  work 
than  that  made  with  wolfram  ;  yet  it  took  a  good  damask.  There  was 
no  improvement  when  the  nickel  and  manganese  were  omitted. 

4.  A  mixture  of  2000  of  nail  iron,  100  of  peroxide  of  manganese, 
and  275  of  sawdust,  gave  a  very  beautiful  steel  with  a  good  damask. 

5.  A  mixture  of  1000  of  nail  iron,  96  of  carbonate  of  protoxide  of 
manganese,  20  of  tungstic  acid,  and  128  of  sawdust,  gave  a  tolerably 
unsound  and  porous  mass  of  steel,  which,  however,  could  be  worked 
very  well  and  took  a  beautiful  damask. 

Other  experiments  with  compounds  of  manganese  were  made, 
which,  together  with  those  above  recorded,  led  the  author  to  conclude 
that  the  damask  depended  entirely  on  the  presence  of  manganese, —  a 
conclusion  which,  it  need  hardly  be  observed,  few  will  adopt.  The 
author  makes  tho  very  startling  statement  that  by  the  reduction  of 
crystallized  pyrolusite  in  a  brasqued  cnicible,  manganese  was  pro- 
duced which  contained  23  °/0  of  carbon  and  2  °/0  of  nickel ! 

Tho  alloys  of  iron  and  tungsten  have  been  investigated  by  Ber- 
nouilli,  and  his  experiments  were  made  at  the  Koyal  Iron  Foundry, 
Berlin."  lie  did  not  succeed  in  melting  tungsten  at  the  highest  tem- 
peratures which  ho  could  command,  and  which  sufficed  to  fuse 
Hessian  crucibles  ;  but  obtained  only  a  sintered  mass,  having  a 
bright  metallic  lustre.  In  one  instance  the  metal  was  heated  in  a 
porcelain  furnace  during  18  hours,  yet  without  melting.  The  specific 
gravity  of  tungsten  reduced  from  tungstic  acid  by  carbon  ranged  from 
17-1  to  17-3,  and  that  reduced  by  hydrogen  from  17-9  to  18*2.  Inti- 
mate mixtures  of  English  grey  graphitic  cast-iron  turnings  and  1,  2, 
3,  4,  5,  10,  15,  20,  30,  40,  and  50  per  cent,  of  pure  tungstic  acid  were 
exposed  to  an  intense  white  heat  in  graphite  crucibles,  and  when  the 
proportion  of  acid  exceeded  20%  a  thin  layer  of  charcoal  powder  was 
put  at  the  bottom  of  the  crucible  and  on  the  top  of  the  mixture. 


-  Uebor  Wolfaun  uti.l  finite  seiner  I  Ann.  U.  Phvs.  u.  Chem.  Poggendorff. 
Verbindungen;  von  Dr.  P.  A.  Btrnouilli.  |  21.  p.  573.  1800. 
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Under  that  proportion  it  was  considered  that  the  carbon  in  the  cast- 
iron  would  suffice  to  reduce  the  tungstic  acid.  With  7 %  it  required 
exposure  to  the  intcnscst  white  heat  during  1^  hour  to  produce  a 
melted  button :  and  with  80  °/0  by  exposure  to  the  same  temperature 
during  3  hours,  only  an  irregular  porous  mass  was  obtained,  of  which 
the  fracture  was  conchoidal  and  of  a  beautiful  silver-white  colour:  it 
was  so  hard  as  without  very  sharp  edges  easily  to  scratch  glass  and 
quartz.  With  from  1  %  to  3  %  there  is  little  apparent  change  in  the 
iron,  but  it  is  slightly  more  perceptible  with  4  %  and  5  %.  With  10  % 
the  in>n  acquires  steel-like  properties,  it  gives  a  very  clear  sound,  is 
light  grey,  and.  extremely  fine  grained  in  fracture,  and  is  somewhat 
malleable.  With  15Va  it  may  almost  be  designated  pure  steel,  though 
not  so  malleable  as  to  admit  of  being  applied  ;  it  is  very  hard  ;  a  thin 
rectangular  cast-bar  of  this  alloy  was  pretty  easily  forged  with  a  cold 
chisel,  which,  after  being  hardened  like  ordinary  steel,  cut  cast  and 
wrought-iron  with  ease  without  becoming  blunted.  With  20  %  the 
alloy  has  similar  properties,  but  is  harder  and  less  malleable.  Beyond 
20  °/a  the  deterioration  in  these  respects  increases,  and  with  50%  the 
alloy  can  no  longer  be  hammered  out.  If  the  cast-iron  was  employed 
in  larger  compact  pieces,  even  with  30%  of  tungstic  acid,  the  alloy 
was  white,  very  hard  and  brittle,  yet  was  a  little  malleable  after 
annealing.  When  charcoal  (i.e.  smelted  with  charcoal)  grey  cast-iron 
was  substitute*!  for  coke  cast-iron,— the  material  used  in  tho  foregoing 
experiments,—  precisely  the  same  results  were  obtained,  except  that 
in  consequence  of  the  greater  purity  of  the  former  the  product  was  of 
better  quality.  On  the  contrary,  the  results  were  quite  different  with 
ukite  cad-iron,  whether  spiegeleisen  or  common  white-iron.  A  similar 
series  of  experiments  was  made  of  melting  white  cast-in  n  with  tung- 
stic acid,  but  no  alloy  of  tungsten  was  produced,  except  when  charcoal 
powder  was  added;  without  this  addition  nearly  the  whole  of  the  acid 
is  slagged  off,  and  only  a  very  small  quantity  of  the  metal  passes  into 
the  iron.  The  alloys  produced  with  the  addition  of  charcoal,  of  which 
it  was  found  most  convenient  to  put  some  at  the  bottom  of  the  crucible 
and  to  strew  some  upon  the  iron,  are  homogeneous  like  those  made  with 
grey  cast-iron,  though  never  steel-like  in  appearance,  but  white  in 
fracture,  of  the  same  structure  as  the  iron  employed,  and  not  in  a 
sensible  degree  malleable.  Experiments  were  also  made  with  metallic 
tungsten,  wolfram,  and  scheelito  (Cat),  WO*),  and  the  results  were 
essentially  the  same,  except  that  tho  manganese  in  wolfram  was  not 
Without  influence.  Bemouilli  arrived  at  the  following  conclusions: 
— Onh  tho  graphitic  or  mechanically  mixed  carbon  in  cast-iron  can 
reduce  tungstic  acid,  and  the  combined  carbon  has  no  such  e fleet, 
"ence,  by  melting  turnings  of  grey  cast-iron  with  a  suitable  pro- 
portion of  tungstic  acid,  cast  steel  may  bo  directly  formed.  When 
grey  east-iron  in  pieces  is  used,  steel  is  not  produced,  because  the  iron 
melts,  and  the  intimate  contact  requisite  between  it  and  the  acid  to 
cause  the  removal  of  the  proper  amount  of  carbon  is  thereby  prevented. 
It  was  ascertained  that  when  more  tungstic  acid  was  added  than 
sufficed  to  burn  out  the  whole  of  the  carbon,  yet  the  alloy  by  tin- 
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action  of  acids  evolved  an  odour  of  hydro-carbon.  Bcrnouilli  has 
given  the  following  tabular  statement  of  his  results. 

Carbon  contained  in  thk  Ikon. 


Kind  of  cast-iron 

Percentage  of 
lung>tic  acid 
added. 

Mechanically 
mixed. 

Chemically 
combine*!. 

Total. 

Percentage  of 
carbon  in 
the  alloy. 

Physical 
properties  of 
the  alloys. 

0 

8- 19 

0  02 

411 

... 

Grey  in 

5 

... 

... 

•  ■  • 

1-02  < 

fracture,  not 

< 

1 

093  \ 
0  91  J 

,  malleable. 

P^v^t  iron 
lire)  cast-iron... 

IS 

25 

•  •  • 
■  •  * 

... 
... 

... 
... 

btcel. 

- 

Grey,  very 

GO 

•  •  • 

0-94 

hard  and 
strong,  not 
malleable. 

0 

•  •  • 

519 

5-19 

Spicgeleisen .. . . 

5 
19 
25 
1  GO 

•  ■  ■ 

a  •  i 

•  -  • 
a  •  • 

... 

... 
... 
.  •  ■ 

... 

... 

•  •  . 

a  a  • 

5  18  \ 
5-09 
4  92 
4  93  , 

White,  very 
hard  and 
brittle. 

•  •  • 

3  91 

3-91 

... 

I 

•  •  • 

a  *  • 

... 

3-70 

Ordinary  white 

1 

White,  very 

•  •  • 

•  ■  • 

3-81  | 

hard  and 

brittle. 

v  (50 

a  a  • 

•  •  • 

... 

3-75 

Tn  1857  Mr.  Robert  Oxland,  of  Plymouth,  obtained  a  patent  for 
"  Improvements  in  the  manufacture  of  alloys  or  compounds  containing 
tungsten,"  and  the  following  are  some  of  the  claims  in  the  specifi- 
cation." The  metal  reduced  from  wolfram  by  carbon  11  may  be  mixed 
with  iron  in  the  blast  furnace,  or  melted  with  pig-iron  in  a  cupola. 
About  30  per  cent,  of  the  metal  may  be  so  mixed  with  iron.  The 
alloy  of  cast-iron  with  tungsten  may  be  used  for  metallurgical  purposes, 
or  for  making  blue  oxide  of  tungsten  and  tungstic  acid.  .  .  .  Good  cast- 
steel  is  obtained  by  melting  £  to  25  per  cent,  of  wolfram  metal  with 
the  steel.  .  .  .  Alloys  of  iron  and  wolfram  metal  may  be  refined  and 
made  into  cast-steel  by  cementation  in  the  usual  way.  Refined 
wolfram  cast-iron  has  its  crystallization  destroyed  by  being  hammered 
cold."  The  same  specification  also  includes  a  claim  for  alloying 
tungsten  with  German  silver  and  nickel ;  and  if  this  be  not  a  distinct 
invention  of  itself,  1  know  not  what  is.  But  in  1848  I  communicated 
to  the  British  Association  at  Swansea  the  results  of  experiments  on  tin- 
alloys  of  tungsten  with  various  metals,  and  amongst  these  German 
silver  and  nickel  are  specially  mentioned.4  I  found  these  alloys,  if 
such  they  can  bo  designated,  to  bo  worthless ;  but  supposing  it  had 
been  otherwise,  I  presume  that  the  communication  to  the  British 

»  Extracted  from  the  Abridgments  of   18,  No.  3114. 
the  Specifications  relating  to  Metals  and       4  British  Association  Report  for  1848. 
Alloys.  1861,  p.  357.    A  D.  1857,  Dec.    p.  57. 
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Association  nine  years  previously  to  the  date  of  Mr.  Oxland's  patent 
would  be  regarded  as  publication,  even  in  the  eye  of  the  present 
unjust  patent  law. 

The  application  of  tungsten  to  cast-steel  soon  attracted  attention, 
especially  in  Austria ;  and  to  Mayer,  of  Leoben,  Styria,  is  assigned  the 
merit  of  having  first  carried  it  out  on  the  large  scale.*    Tungsten,  or 
wolfram  steel,  was  announced  as  an  important  invention ;  in  fineness 
of  grain,  uniformity  of  structure,  hardness,  toughness,  strength,  and 
durability  it  was  declared  superlative.    It  was  specially  adapted  for 
various  kinds  of  tools,  such  as  chisels,  cutting  and  boring  instruments, 
etc. ;  and  although  it  was  somewhat  more  expensive  than  steel  pre- 
viously employed  for  such  objects,  yet  it  lasted  four  times  as  long  and 
cost  less  than  English  cast-steel.    At  the  congress  of  miners  and 
smelters  in  Vienna  in  1858  wolfram  steel  was  exhibited  in  various 
forms.    There  were  swords  of  it,  which  were  regarded  as  perfection, 
so  far  as  the  quality  of  the  metal  was  concerned :  they  were  sharp, 
hard,  tough,  and  elastic.    My  colleague,  Mr.  W.  Smyth,  attended  this 
congress,  and  brought  back  for  me  specimens  of  this  steel,  of  which 
the  fracture  is  remarkably  fine,  uniform,  compact,  and  conchoidal.  I 
sent  specimens  of  it  to  my  friend,  Mr.  E.  F.  Sanderson,  the  well-known 
steel-maker  of  Sheffield,  and  the  report  which  he  communicated  to 
me  as  to  its  working  and  other  qualities  was  by  no  means  favourable. 
In  the  International  Exhibition  of  1862,  wolfram  steel  was  not  absent 
from  the  Austrian  department ;  but  there  was  no  display  of  it,  pro- 
perly so  called,  as  there  undoubtedly  would  have  been  if  a  fraction  of 
the  predictions  uttered  as  to  its  value  had  been  fulfilled.    I  particu- 
larly sought  information  from  Professor  Tunner,  of  Leoben,  concerning 
this  steel,  and  his  only  reply  was  a  significant  shake  of  the  head, 
which  was  more  expressive  even  than  words.    No  man  can  have  had  a 
better  opportunity  of  knowing  the  truth  in  this  matter  than  Professor 
Tunner,  and  there  is  no  man  to  whose  judgment  upon  it  I  should  attach 
greater  weight*  Wagner's  recent  report  is  confirmatory  of  this  opinion, 
lie  considers  that  the  augury  is  unfavourable  respecting  the  11  wolfram 
steel  industry and  he  states  that  files,  razors,  etc.,  are  sold  as  wolfram 
steel,  although  they  do  not  contain  a  trace  of  tungsten.6    The  strenuous 
efforts  which  have  been  made  to  force  this  steel  into  use,  and  the  highly 
laudatory  notices  of  it  which  from  time  to  time  have  appeared,  will  not 
avail  against  the  substantial  truth  of  experience.    Should  the  verdict 
be  ultimately  against  this  steel,  it  will  teach  us  a  lesson  of  caution,  even 
with  regard  to  opinions  from  practical  establishments.     We  are  in- 
formed that  the  conclusion  to  be  drawn  from  the  trial  of  tungsten 
steel  in  the  workshops  of  Egels,  and  of  Schwarzkopff  and  Freund  of 
Berlin,  at  the  Bochum  Steel-works  in  Westphalia  and  elsewhere,  is, 
that  "  tungsten  steel  furnishes  much  more  advantageous  results  than  tlie  best 
cast-steel  employed  up  to  the  f/resent  time  in  commerce  "  (sic  in  italics.)  7 


s  Berg.  u.  hiittenm.  Zeit.  18.  p.  275. 
1859. 

•  Jahresbericht,  1860,  p.  85. 

"  Bevue  Universelle  ilea  Mines,  etc., 


March,  1800,  p.  88.  A  full  account  of 
tho  history  and  manufacture  of  tungsten- 
steel,  by  M.  A.  Detains  tie  Fenfte,  ap- 
pears in  this  number. 
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The  tenacity  or  tensile  strength  of  tungsten  steel  appears  to  be 
very  considerable.  The  following  results  on  this  point  were  obtained 
at  the  Imperial  Polytechnic  Institution  of  Vienna  :' — 


Quality  of  ste.-L 

HuUDiUu]  mvunw 
area  In  *quare 
milllm<ires. 

WCipiH  IP' I'll  ml 

to  determine 
rupture. 

Absolute  tenadtj'. 

41-64 

4256 

102  2 

LA  .OK 

4 'tJ.il 

107-8 

rupture  <li<l  not 

43  03 

5040 

1171 

occur  at  the 

minimum 

section. 

Knglish  steel,  Huntsman... 

38-17 

3220 

84-4 

43-03 

3727 

86-6 

43-03 

4838 

112-4 

44-41 

4676 

105-3 

45-58 

4200 

02  1 

Siewert  has  published  the  following  results  of  samples  of  tungsten 
steel  prepared  in  Vienna  and  at  the  Bochura  Steel-works  :* — 

L  2.           3.  4.  5.  6. 

Iron                        —  —  95  85  06  37  — 

Tungsten              1  05  2  84        3  05  2  71  — 

Manganese              —  —  trace*  —        traces  — 

Carbon                  —                     —  104  —  103 

No.  1  was  from  Vienna,  and  the  rest  from  the  Bochum  Works. 
Silicon  was  not  detected  with  certainty  in  any. 

The  following  directions  for  the  preparation  and  use  of  tungsten 
have  been  published.  Wolfram  is  gently  roasted,  then  treated  with 
dilute  acids,  and  afterwards  washed  with  water.  Arsenic  and  sulphur 
are  by  this  treatment  removed.  The  dry  residue  is  strongly  heated 
during  24  hours  in  brasqued  crucibles,  whereby,  it  is  alleged,  carbides 
of  iron  and  manganese  are  formed,  and  the  tungstic  acid  is  reduced  to 
the  metallic  state.  A  slightly  sintored  mass  is  obtained,  having  a 
dark  colour  and  a  high  specific  gravity.  From  |°/0  to  25  %  of  this  is 
added  to  the  steel  previously  to  melting.1 

Mr.  Kobert  Mushet  has  patented  the  use  of  tungsten  in  one  form  or 
other  in  connexion  with  the  manufacture  of  cast-steel.*  Tungsten, 
tungstic  acid,  or  oxides  or  ores  of  tungsten,  are  all  appropriated  by  this 
gentleman  ;  but  wolfram  is  preferred,  because  it  costs  less  and  contains 
manganese,  which  facilitates  fusion.  The  wolfram  is  directed  to  be 
well  pulverized,  and  when  it  contains  70%  or  75%  of  lungstie  acid, 
or  60%  of  tungsten,  it  is  to  bo  mixed  with  an  equal  weight  of  melted 
pitch,  and  poured  upon  a  slab  of  stone  previously  wetted.    The  fol- 

K  Revue,  ut  supra.  407.    The  title  of  the  patent  is,  "  An  im- 

•  Jahresbericht  (continuation  of  Licbig   provement  or  improvements  in  the  manu- 

and  KoppY,  I860,  p.  fl90.  facture     of    east-steel.1"      A.I).  1850: 

1  Berg.  u.  huttenm.  Zeit.  10.  p.  27.    January   12,    No.  loi;    Feb.  24.  No. 

I860.  !  500  and  No.  501  :   March  18,  No.  600 


2  Vide  Abridgments  of  Specifications  and  No.  691.  A.l).  1861  :  July  10,  No. 
relating  to  Metals  and  Alloys,  1861,  p.  I  1817. 
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lowing  proportions  are  recommended  to  be  melted  in  an  ordinary 
crucible,  aud  cast  into  ingots  : — 

Blister-steel  46  lbs.,  wolfram  and  pitch  1  lb.  Or,  Swedish  bar-iron 
44 lbs.,  charcoal  in  nubs  8  ozs.,  wolfram  and  pitch  1  to  4  lbs.,  puddled 
steel  48 lbs.,  charcoal  in  nubs  2^ ozs.,  wolfram  and  pitch  1  lb.  The 
iron  or  steel  is  reduced  to  small  pieces.  The  hardness  of  the  alloy  may 
be  increased  by  using  larger  proportions  of  carbonaceous  matters  or 
smaller  proportions  of  tungsten. 

Whether  Mr.  Mushet  lias  any  equitable  claim  to  appropriate  to 
his  own  exclusive  benefit  tbe  use  of  tungsten  in  connexion  with  the 
nianufacture  of  iron  or  steel,  may  appear  doubtful  after  the  preceding 
lustory  of  the  subject.  Patent-law  may  give  a  legal  claim,  but  legal 
claims  are  sometimes  far  from  being  founded  on  justice. 

Ikon  and  Molybdenum. 

According  to  Berthier  the  compounds  of  molybdenum  and  iron  are 
perfectly  analogous  to  those  of  iron  and  tungsten.  Ho  describes  an 
alloy  of  iron  with  2 -0%  of  molybdenum  as  fusible,  whiter  than  iron, 
extremely  hard,  brittle  but  tenacious,  and  uneven  and  granular  in 
fracture.1  Beimel  his  states  that  an  alloy  of  equal  parts  by  weight  of 
iron  and  molybdenum  is  hard,  brittle,  of  a  bluish  gray  colour,  fusible 
before  the  blowpipe,  and  granular  in  fracture ;  and  further  that 
an  alloy  of  1  pa.rt  by  weight  of  iron  and  2  of  molybdenum  is  tender, 
bright  grey,  infusible  before  the  blowpipe,  attractable  by  the  magnet, 
and  finely  granular  in  fracture.4  In  the  First  Part  of  4  Metallurgy,' 
under  the  head  of  Copper,  I  have  described  certain  remarkable  ferri- 
ferous  bears,"  containing  a  large  amount  of  molybdenum. 

I  hon  and  Vanadium. 

Vanadium  was  discovered  by  Sefstriim  in  his  examination  of  the 
^ell-known  iron  of  Taberg,  which,  according  to  Berzelius,  is  the 
softest  of  all  the  varieties  of  Swedish  iron.5  P»y  the  solution  of  seveial 
Pounds  t,f  this  iron  he  obtained  scarcely  1^  grain  of  vanadium  ;  but  in 
the  slags  from  the  charcoal-hearth  in  which  it  was  made,  he  found  it 
m  much  larger  quantity.  I  am  not  aware  whether  any  investigation 
has  been  made  concerning  the  effect  of  this  metal  upon  iron,  steel,  or 
east-iron. 

Iron  and  Tantalum. 

Berzelius  asserts  that  iron  alloys  easily  with  tantalum,  when  tan- 
nic acid  is  heated  with  iron  filings  in  a  brasqued  crucible.  The  alloy 
w  hard  enough  to  scratch  glass.  It  has  not  the  least  ductility,  yet  it 
is  very  diflScult  to  break ;  the  colour  of  its  powder  is  dark  brown. 
Acids  partially  dissolve  it,  leaving  metallic  tantalum  in  the  state  of 
powder.* 


1  Tr.  des  Em.  2  p.  215.  I     6  Berzelius,  Jahreaber.,  11.  p.  i>7.  1832. 

■  Tr.  2.  p.  706.  I     *  Tr.  2.  p.  7(r7. 

o  2 
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Iron  and  Potassium. 

Gay-Lussac  and  Thenard  discovered  an  alloy  of  iron  and  potassium, 
in  making  potassium  in  nn  iron  tube  according  to  their  well  known 
process.  It  was  formed  by  the  long  exposure  of  iron  turnings  at  a 
high  temperature  to  the  vapour  of  potassium.  Iron  thus  alloyed  was 
described  as  very  flexible,  and  occasionally  so  soft  as  to  admit  of  being 
easily  cut  with  scissars,  and  even  scratched  by  the  finger-nail  ;  it 
oxidized  in  the  air,  decomposed  water  with  lively  effervescence,  and 
soon  acquired  its  original  properties.7 

Calvert  and  Johnson  state  they  have  alloyed  potassium  with  iron 
by  exposing  to  a  very  high  temperature  a  mixture  of  fine  iron-filings 
and  bitartrate  of  potash.  A  mixture  of  34G  grs.  of  iron  and  1 504  of 
the  bitartrate,  i.  e.  in  the  ratio  of  3  equivalents  of  iron  to  2  of  potas- 
sium, yielded  a  largo  button  composed  of  74-00%  of  iron  and  25-40% 
of  potassium,  t.  e.  of  the  formula  Fe4K.  The  alloy  exactly  resembled 
malleable  iron  in  appearance,  and  could  be  forged  and  welded ;  yet, 
strange  to  say,  it  was  so  hard  that  at  ordinary  temperatures  it  was 
scarcely  indented  by  a  heavy  sledge-hammer,  and  was  barely  affected 
by  the  file !  The  iron  of  the  alloy,  notwithstanding  its  association 
with  so  large  an  amount  of  potassium,  oxidized  rapidly  under  water 
and  in  the  atmosphere.  In  another  experiment  with  the  same  pro- 
portions of  iron  and  bitartrate  of  .potash,  but  with  the  addition  of 
some  finely  pulverized  charcoal,  an  alloy  was  produced  consisting  of 
81  *42%  of  iron  and  18-58%  of  potassium,  i.e.  of  the  formula  Fe"K. 
There  was  a  thin  layer  of  cast-iron  on  the  surface  of  the  button  ;  but 
in  other  respects  it  was  exactly  similar  to  the  last.  When  carbonate 
.  of  potash  was  substituted  for  bitartrate  44  no  results  were  obtained." 
These  alloys  seem  to  have  been  surprisingly  definite  in  atomic  con- 
stitution.8 

Iron  and  Glucinium. 

According  to  Stromeyer  an  alloy  of  these  metals  may  be  easily 
obtained  by  intensely  heating  a  mixture  of  glucina,  iron-filings,  and 
lamp-black.  It  is  described  as  whiter  and  less  ductile  than  iron." 
Davy  obtained  the  alloy  by  heating  to  whiteness  glucina  in  admixture 
with  iron  and  potassium ;  and  also  by  decomposing  slightly  moistened 
glucina  in  an  atmosphere  of  hydrogen  by  a  powerful  voltaic  current, 
using  as  the  negative  pole  an  iron  wire  which  melted  and  became 
alloyed  with  glucinium.1 

Iron  and  Barium. 

Gay-Lussac  and  Thenard  attempted  to  reduco  baryta  by  exposing 
it  to  a  very  high  temperature  in  a  blast-furnace  in  admixture  with 
iron,  without  as  well  as  with  tho  addition  of  charcoal ;  but  there  was 
no  sign  of  reduction.' 


7  Recherehes  Phvsico-Chimiques,  1.  p. 
238.  1811. 

■  Phil  Mag.  Oct.  18;'».r». 
Bencliiu,  Tr.  2.  p.  704.  Gmelin, 
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Ikon  and  Strontium. 

Gay-Lussac  and  Thenard  endeavoured  to  reduce  strontia  in  the  same 
wanner  as  baryta,  and  the  result  w<ts  equally  negative.3 

Iron-  and  Calcium. 

Gay-Lussac  and  Thenard  obtained  no  evidence  of  the  separation  of 
calcium  by  exposing  a  mixture  of  iron  and  lime  in  an  excellent 
crucible  to  the  highest  temperature  of  a  blast  furnace,  either  with  or 
without  the  addition  of  carbon.4    Berzelius  failed  to  produce  any 
decided  alloy  of  iron  and  calcium  by  strongly  heating  a  mixture  of 
iron-filings,  lime,  and  charcoal  powder.*    Karsten  found  0*  1774  7C  of 
calcium  in  iron,  which  was  deficient  in  voidability  and  tenacity, 
though  neither  red-  nor  cold-short.    This  iron  resulted  from  the  ad- 
dition of  carbonate  of  lime  in  large  quantity  during  the  entire  opera- 
tion of  converting  a  charge  of  cast-iron  into  malleable  iron  in  the 
charcoal-hearth.*     I  have  heard  it  maintained  by  managers  of  forges 
that  when  limestone  is  used  as  a  lining  in  puddling-fumaces  the  iron 
produced  is  apt  to  be  red-short.    Calcium  in  small  quantity  will  be 
found  in  many  published  analyses  of  cast-iron.    It  will  be  perceived 
that  our  knowledge  of  the  direct  action  of  this  metal  upon  iron, 
whether  malleable  iron,  steel,  or  cast-iron,  is  extremely  limited  and 
unsatisfactory. 

Iron  and  Magnesium. 

By  heating  a  mixture  of  magnesia,  iron  filings,  and  charcoal  in 
powder,  Berzelius  obtained  indications  of  an  alloy  of  iron  and  mag- 
nesium.7 Karsten  never  detected  a  trace  of  magnesium  in  any 
drought-iron  which  he  examined ;  and,  so  far  as  I  am  aware,  there  is 
not  any  trustworthy  information  concerning  its  effect  upon  malleable 
|r°n.  It  occasionally  apjHKirs  as  a  constituent  in  minute  proportion 
iQ  the  published  analyses  of  cast-iron. 

ORES  OF  IRON. 

The  ores  of  iron,  properly  so  called,  always  contain  the  metal  in  the 
oxidized  state.  They  consist  of  magnetic  oxide,  sesquioxide,  hyd  rated 
Ksquioxide,  and  carbonate  of  protoxide  in  various  degrees  of  purity. 
They  are  widely  and  profusely  distributed  over  the  surface  of  the 
tarth,  and  occur,  one  or  more  of  them,  in  nearly  oven-  geological 
formation  in  veins,  masses,  or  beds.  To  describe  the  localities  of  the 
iron  ores  of  the  world  would  require  a  largo  volumo  ;  and  it  is  not, 
therefore,  proposed  to  present  any  such  description,  even  in  a  com- 
pendious form,  in  this  work.  In  a  treatise  on  the  metallurgy  of  iron, 
the  chief  considerations  with  respect  to  the  ores  of  iron  are  their  com- 
position, and  the  influence  of  various  matters  which  they  may  contain 


3  Op.  cit.  I.  P.  107. 

1  Recherche*  Phyfieo-CbimiqiKs,  I.  p. 
107. 
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ujxm  the  quality  of  the  metal  reduced  from  them  ;  and  to  these  points 
attention  will  be  specially  and  mainly  directed.  An  exception,  how- 
ever, will  be  made  in  the  case  of  British  iron  ores,  and  certain 
foreign  ores  of  particular  interest ;  and  these  will  be  treated  in  much 
detail. 

Magnetic  oxide  of  iron,  magnetite.  Fe*04,  or  FeCFe'O".— When  pure  it 
contains  72*41  %  of  iron.  It  occurs  crystallized,  massive,  and  in  the 
state  of  sand,  more  or  less  distinctly  crystalline.  Chrome  iron  ore  is 
sometimes  met  with  in  a  similar  state  in  minute  octahedral  crystals, 
and  may  readily  bo  mistaken  for  magnetic  iron  sand ;  but  it  may 
be  instantly  distinguished  from  the  latter  by  being  non  magnetic.  It 
is  one  of  the  most  important  of  the  ores  of  iron,  and  is  that  from  which 
the  finest  qualities  of  steel  have  always  hitherto  been  produced.  It 
is  widely  diffused  over  the  globe,  and  occurs  in  the  so-called  igneous 
and  metamorphic  rocks.  It  is  found  abundantly  at  G ell i vara  in 
Lapland,  in  Norway,  at  Danneiuora,  Taberg,  and  other  localities  in 
Sweden,  in  Canada,  and  in  New  Jersey,  Pennsylvania,  and  elsewhere 
in  the  Tinted  States. 

In  the  hist  International  Exhibition,  1802,  specimens  of  the  mag- 
netic iron  ore  in  the  Canadian  collection  attracted  much  attention." 

FrunkUnite.—'VXxQ  formula  of  this  mineral  is  still  doubtful.    It  was 


*  The  following  information  on  thin 
subject  is  given  on  the  authority  of  Sir 
William  Logan,  Director  of  the  Geo- 
logical Sumy  of  Canada.'  The  mine, 
commonly  known  as  the  Bia  iron  ore 
Ited  of  Marmora,  Belmont,  appears  to 
consist  of  a  succession  of  beds,  one  mea- 
suring 100  ft.  in  thickness.  The  total 
breadth  of  the  mat!  is  528  ft.  It  be- 
longs to  the  Laureutian  series,  lies 
between  beds  of  gneiss  and  erystalline 
limestone,  and  is  interstratitied  with  thin 
bands  of  erystalline  limestone  ami  talcose 
slate,  assoeiated  with  diallage  roek,  ser- 
pentine, and  epidosite.  "  The  ore  con- 
tains between  00%  and  70%  of  iron. 
Many  years  ago  a  furnace  was  erected  at 
Bfarmoni  to  smelt  it.  and  iron  of  superior 
quality  was  manufactured.  More  re- 
cently different  companies  have  for  short 
periods  renewed  smelting  operations,  with 
very  satisfactory  results  in  respect  to  the 

rility  of  the  iron  produced;  hut  the 
tanoe  of  the  place  from  a  shipping 
jx>rt  has  proved  a  serious  obstacle  to  suc- 
cess. At  present  (I802j  the  furnace  is 
not  in  blast."  At  Newborough,  8. 
Crosby,  there  is  a  bed  200  It.  thick  in 
gneiss,  also  in  the  Laureutian  series.  It 
is  situated  on  Mud  Lake,  a  part  of  the 
Kidcau  Canal.  The  on*  is  supplied  at 
Kingston,  for  2}  dollars  the  ton,  to  vessels 


•  IkwcripUvo  Catalogue  of  n  Collection  or  the 
Roonomic  .Wim-ial*  of  Canada,  »*t«  .,  ^-nt  to  the  l>m- 
tlon  Internal loiml  KxhfMllon  tor  I  «<$'.'.  Montreal. 


which  carry  it  as  luck  freight  to  Cleve- 
land on  Ijuke  Erie  ;  whence  it  finds  its 
way  to  the  smelting  furnaces  at  Pitts- 
burg  on   the   Ohio,   in  Pennsylvania. 
About  4000  tons  of  the  ore  were  thus 
exported  in  185  ♦.    There  is  a  third  bed 
about  90  ft.  thick  at  Hull.     It  is  sur- 
rounded by  gneiss,  and  appears  to  present 
the  form  of  a  dome,  through  the  summit 
of  which  an  underlying  mass  of  limestone 
protrudes.    It  is  in  the  Laureutian  series. 
The  ore  contains  between  00%  and  70% 
of  iron,  and  in  some  parts  of  the  bed  it  is 
mingled  with  a  little  graphite.    It  began 
to  be  worked  in  1854,  and  was  smelted  at 
Pittsburg,  whither  it  was  sent  by  way  of 
Kingston,  on  Lake  Ontario,  to  which  it 
was  conveved  bv  the  Itideau  Canal.  Up 
to  1858  about  8HO0  tons  of  the  ore  had 
Ik'cu  thus  exported,  but  the  opening  of 
the  Newborough  Mine,  more  favourably 
situated  in  regard  to  the  shipping  j>ort, 
stopped  the  working,  and  no  ore  is  now 
(1802)  exported  from  Hull.    At  Madoc  id 
a  fourth  bid  25  ft.  thick  in  gneiss  in  the 
Linrentiau  series.    The  ore  is  stated  to 
contain  about  70%  of  iron,  and  to  be 
very  free  from  sulphur.  Disseminated 
through   it    are    nodules    of  radiating 
crystals  of  artimJite,  and  yellow  urauite 
has  been  found  lining  small  cracks.  It 
is    strongly   polar.    It   was  formerly 
smelted,  and  produced  iron  of  very  fine 
quality,  but  the  furnace  is  not  now  in 
blast    1802  .     Other  smaller  beds  arc- 
also  described. 
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regarded  as  consisting  essentially  of  magnetic  oxide  of  iron,  with  the 
protoxide  of  iron  partially  replaced  by  oxide  of  zinc  ;  but,  if  the  fol- 
lowing analysis  of  Raminelsberg  be  correct,  this  view  cannot  be 
admitted/ 

St^uioxMe  of  iron    04  51     =    Iron   45*  If, 

Binoxide  of  manganese  M nO*)  ...    13- 51  Manganese   9*H8 

Oxide  of  2inc   2.5 '30  Zinc   20  30 


103-32  (Oxygen   2.V1G) 

100- 00 

The  presence  of  protoxide  of  iron  may  be  inferred  from  the  excess 
on  analysis.  According  to  Rammelsberg,  it  probably  consists  of  4  M n*(  r», 
WW1,  2lFeO,  and  15ZnO,  and  its  composition  may  be  expressed 
by  the  formula  3(FeO,  ZnO,)  +  (FetCr\  Mu'O').  Franklinite  occurs  in 
New  Jersey,  U.S.,  and  is  there  treated  as  an  ore  of  zinc.  The  residue 
has  been  subsequently  smelted  in  a  blast-furnace,  and  yielded  character- 
istic spicgeleisen.  Specimens  of  this  were  shown  at  the  International 
Exhibition  of  1862,  and  very  good  they  appeared  to  be.  The  ore  has 
been  recommended  as  an  antidote  both  to  red-shortness  and  cold-short- 
ness. It  is  stated  that  Pompton  (New  Jersey)  pig-iron,  which  yields 
very  red-sin  »rt  iron,  will,  in  admixture  with  1  .Y%  of  franklinite,  work  up 
into  horse-shoe  iron  ;  and  that  Scotch  pig,  which  yields  cold-short  iron, 
produces  iron  of  extraordinary  toughness  when  puddled  in  admixture 
with  20 r.'o  of  raw  franklinite.  It  is  suggested  that  the  zinc  and  man- 
ganese, or  the  zinc  alone,  extract  sulphur  and  phosphorus,  and  thus 
remove  the  chief  causes  of  red-shortness  and  cold-shortness.'  The 
merit  of  this  alleged  discovery  is  ascribed  to  Mr.  Detmold.*  Much 
was  said  about  it  at  the  Exhibition  in  1851,  when  illustrative  speci- 
mens were  shown.  Whether  there  may  have  been  any  confusion 
between  the  /xkst  hoc  and  the  propter  with  regard  to  the  supposed 
influence  of  franklinite  the  future  will  decide. 

Ret]  haematite,  red  ore,  anhydrous  ses(juit>.ride  of  iron, — \\  hen  puro  it 
contains  70  %  °f  iron.  It  occurs  crystallized,  constituting  specular 
iron  ore,  or  micaceous  iron  ore,  according  to  the  diinenHons  and  cha- 
racter of  the  crystals  ;  and  massive,  or  earthy,  generally  in  reniform  or 
botryoidal  nodules,  of  a  more  or  less  fibrous  and  radiating  structure, 
when  in  reniform  lumps,  the  ore  is  sometimes  termed  M  kidney  ore." 
Sjtne  varieties  are  hard,  compact,  and  rough  to  the  touch;  whilo 
"ther*  are  soft,  pulverulent  in  a  greater  or  less  degree,  and  greasy  to 
the  touch.  The  former  frequently  contains  silica  diffused  in  the  state 
of  quartz,  sometimes  in  distinct  crystals,  at  other  times  in  minute 
cn>tals  finely  disseminated.  When  there  is  much  silica  diffused 
through  the  ore,  unaccompanied  with  a  sensible  amount  of  alumina, 
lime,  or  magnesia,  the  pig  iron  produced  from  it  will  be  rich  in  silicon. 


">  Ilaudb.  der  Mineralehemie.  1800.  p. 
19. 

1  The  Iron  Manufacturer*  Guide  to 
the  Furnace*,  Forges,  and  Rolling  Mill* 


of  the  TiiiUil  Mutes.  By  J.  P.  Leaky. 
New  York.    1859.    p.  423. 

2  Profecaor  Wilaon  »  Report  on  the  New 
York  Iwluatriul  Exhibition.    1834.  p.  05. 
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This  is  a  point  of  great  practical  consequence  to  the  iron-master, 
as  has  been  previously  stated.  In  the  Whitehaven  district,  two 
distinct  varieties  of  red  ore  are  recognized —the  "hard"  and  the 
44  soft,"  The  former  generally  contain  free  silica  in  large  excess,  while 
the  latter  contain  silica,  which,  although  it  may  to  a  great  extent  be 
free,  is  yet  associated  with  earthy  bases  diffused  throughout  in  suffi- 
cient quantity  to  prevent  the  reduction  of  much  silicon,  and  the  con- 
sequent formation  of  very  siliceous  iron.  Ked  haematite  always 
produces  a  characteristic  red  streak  when  drawn  across  a  piece  of  un- 
glazed  pottery.  The  magnificent  specimens  of  specular  iron  ore  from 
Elba  are  well  known  to  evory  mineralogist.  Beautiful  micaceous  ore  is 
found  at  Hennock  and  Buekfastleigh,  in  Devonshire  ;  and  I  have  seen 
this  purchased  at  certain  smelting  works  for  plumbago,  to  be  used  for 
purposes  of  lubrication.  The  massive  and  earthy  varieties  are  ex- 
tensively diffused ;  and  in  England  they  occur  chiefly  in  Lancashire  and 
( 'umberland,  in  carboniferous  limestone.  In  the  carboniferous  lime- 
stone at  the  Mumbles,  near  Swansea,  is  a  vein  of  red  ore  which  has 
been  long  worked.  In  the  Devonian  limestone  of  Berryhead,  near 
Brixham,  is  also  a  vein  of  red  ore,  associated  with  sulphate  of  baryta. 
I  have  picked  up  beautiful  cabinet  specimens,  mammillated  or  bo- 
tryoidal,  in  this  locality,  which  must  not  be  confounded  with  that  o£ 
brown  haematite  at  Brixham.  In  the  Belgian  Department  of  the  Inter- 
national Exhibition  of  18b2  were  beautiful  specimens  of  massive  red 
ore,  moro  or  loss  pisolitic  in  structure,  but  of  which  tho  component 
rounded  particles  were  flattened,  and  not  spherical ;  they  occur  at  the 
baso  of  the  carboniferous  limestone  cropping  out  along  many  miles  of 
country,  south  of  Liege  and  Huy. 

Brown  hematite,  brown  iron  o/v,  Umonite,  hydrated  sesquiojeide  of  iron. 
2Fe*0",  3110.— When  pure  it  contains  59-89%  of  iron  and  14*44%  of 
water.  Under  tho  generic  term  of  brown  haematite  are  included  all 
the  varieties  of  ore,  in  which  tho  essential  iron-yielding  constituent  is 
hydrated  sesquioxido  of  iron.  The  finely  fibrous,  rich  dark  brown 
hiematite  of  tho  mineralogist  is  a  beautiful  substance,  and  with  the 
exception  of  the  presence  of  from  about  0-5%  to  5%  of  silica,  is  not 
unfrequently  met  with  in  a  state  of  purity ;  whereas  by  far  the  greater 
proportion  of  the  ores  in  the  present  division  are  ochreous,  yellow- 
brown,  earthy,  and  outwardly  most  uninteresting  objects.  To  these 
latter  the  term  limonite  appeal's  specially  applicable.  Brown  haematite 
always  produces  a  decided  brownish  yellow  streak  when  drawn  across 
a  piece  of  unglazed  pottery,  and  by  this  character  alone  it  may  be 
immediately  distinguished  from  red  haematite.  Tho  most  beautiful 
British  specimens  of  brown  haematite  which  I  have  seen  have  come 
from  Hestormcl,  in  Cornwall.  The  chief  locality,  however,  of  this  ore 
is  the  Forest  of  Dean,  in  Gloucestershire,  'where  it  has  undoubtedly 
boon  worked  from  very  ancient  times.  The  remarks  previously  made 
concerning  the  presence  of  silica  in  red  iron  ore  apply  equally  to 
brown  iron  ore.  In  specimens  of  a  compact  brown  haematite  which 
were  sent  to  me  some  years  ago  from  Bristol,  and  rej>orted  to  have  been 
procured  in  the  vicinity,  particles  of  colourless  quartz  and  crystallized 
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reddish  sulphate  of  baryta  were  diffused  pretty  uniformly  through  the 
maw.  At  Dowlais  Iron-works,  not  very  long  since,  a  variety  of  haema- 
tite (whether  red  or  brown  I  do  not  know)  was  smelted,  which  con- 
tained so  much  sulphate  of  baryta  that  a  regulus  rich  in  sulphide  of 
barium  flowed  out  of  the  furnace  between  the  molten  metal  and  the 
cinder.  Earthy  brown  haematite  occurs  abundantly  as  a  superficial 
deposit  in  the  oolite  of  Northamptonshire,  and  recently  one  of  a  pre- 
cisely similar  appearance  has  been  discovered  in  Lincolnshire. 

The  iron  ores  which  are  chiefly  smelted  in  France  and  Belgium 
belong  to  the  class  of  earthy-brown  haematites.  In  the  Belgian  depart- 
ment of  the  International  Exhibition  of  18<i2  was  an  extensive  series 
of  these  ores,  with  labels  on  each  stating  the  per-centage  of  iron  ;  and 
from  these  I  inferred  that  their  average  yield  docs  not  much  exceed 
30%.  They  closely  resembled  in  external  character  the  Northamp- 
tonshire ore. 

Bog-iron  ore  and  the  so-called  lake  ores  of  Sweden  and  Finland  are 
essentially  brown  haematites :  they  will  be  more  particularly  described 
hereafter.  In  Lower  Canada  bog-iron  ore  is  smelted  at  the  Hadnor 
Forges,  in  the  seignory  of  Cap  de  la  Madclaine,  on  the  Kivierc  au 
**rii|  a  tributary  of  the  Champlain  River.  The  pig-iron  produced  is 
chiefly  applied  to  the  manufacture  of  cast-iron  railway  wheels,  of  which 
specimens  were  exhibited  in  the  International  Exhibition  of  1802, 
which  have  travelled  150,000  miles  without  showing  signs  of  any  very 
great  wear. 

fyxithic  carhonate,  sparry  iron  ore,  sphcprosiderite,  crystallized  cartonate  of 
protoxide  of  iron.  FeO,CO\ — It  is  anhydrous,  and  when  pure  contains 
48*275  V  of  iron.  I  have  not  met  with  the  record  of  any  trustworthy 
analysis  of  the  mineral  in  a  state  of  purity.  It  generally  contains  a 
considerable  proportion  of  carbonate  of  protoxide  of  manganese  and 
^bonate  of  magnesia.  Rammelaberg  establishes  the  four  following 
classes  of  spathic  ores:  1.  With  from  0%  to  4%  of  protoxido  of 
manganese;  2.  With  from  6%  to  11%  of  protoxide  of  manganese; 
&With  a  still  larger  proportion  of  manganese;  4.  With  a  consider- 
able  proportion  of  magnesia.  Illustrative  examples  from  the  series 
of  analyses   of  spathic  ore  collected   by  Rammelsberg  aro  now 


i. 
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1.  Compact  sphaerosiderite,  from  Burgbrohl,  on  the  "Laacher  See." 
By  G.  Bischof.— 2.  White,  crystallized,  from  Bieber,  near  Hanau.  By 
Glasson. — 3.  From  Yic-Dessos,  Pyrenees.  By  Berthier.— 4.  From 
Allevard,  Isere,  France.  By  Berthier. — 5.  Sphasrosiderite  in  basalt, 
from  Alto  Birke,  near  Eisern,  Siegen.  By  Schnabel. — 6.  Ehrenfrie- 
dersdorf,  Saxony.  By  Magnus. — 7.  From  Schaller  Erbstolln,  at  Pohl, 
in  Saxon  Voigtland.  By  Fritzsche.— 8.  From  Mitterberg,  Tyrol.  By 
Khuen. 

The  most  renowned  and  important  locality  of  spathic  ore  in  Europe 
is  the  Erzberg,  near  Eisenerz,  in  Styria,  where  it  occurs  in  enormous 
quantity,  and  has  been  worked  from  ancient  times.  The  ore  is  con- 
taminated with  a  small  quantity  both  of  iron  and  copper-pyrites;  and 
at  the  Stahlberg,  near  MQsen  in  Prussia,  the  latter  is  picked  out  by 
hand.  In  every  case  the  ore  is  carefully  calcined  previously  to 
smelting,  whereby  the  sulphur  is  so  effectually  expelled  that  what 
remains  has  no  injurious  effect  on  the  quality  of  the  iron  produced. 
Siegen,  in  Prussia,  is  also  rich  in  fine  spathic  ore,  of  which  a  magnificent 
series  were  shown  in  the  Zollverein  Department  of  the  International 
Exhibition  of  1802.  In  England  it  is  found  in  the  Brendon  Hills  and 
Exrnoor,  Somersetshire.  This  ore  has  long  enjoyed  high  repute  as 
yielding  manganesiforous  pig-iron  well  adapted  for  the  production 
of  steel. 

Argillaceous  iron  ores,  clay  or  clay-band  ironstones*  impure  earthy  carbonate 
of  protoxide  of  iron. — They  owe  their  name  to  their  clay-like  appearance. 
They  are  compact,  earthy  in  structure,  varying  in  colour  from  light 
brown  to  black,  and  they  are  frequently  seamed  with  cracks,  filled 
with  matter  differing  from  the  ore  itself.    When  they  are  deep  brown 
or  black  in  colour,  and  contain  a  considerable  proportion  of  coaly 
matter,  say  about  10%  or  upwards,  they  are  termed  black-band  iron- 
stones.   This  kind  of  iron  ore  consists  essentially  of  carbonate  of 
protoxide  of  iron  in  intimate  admixture  with  various  matters,  of  which 
the  most  frequent  are  carbonate  of  protoxide  of  manganese,  carbonate 
of  lime,  carbonate  of  magnesia,  silicate  of  alumina  in  the  state  of  clay, 
potash,  phosphoric  acid,  sulphur  in  the  state  of  bisulphide  of  iron, 
organic  matter,  and  a  little  water  of  combination.    They  occur  inter- 
stratified  with  the  shales  of  the  coal  measures  in  nodules  or  in  conti- 
nuous beds.    They  are  found  to  a  workable  extent  in  the  coal  fields  of 
Yorkshire  and  Derbyshire,  Warwickshire,  North  Staffordshire,  South 
Staffordshire,  and  Worcestershire;  the  Clee  Hills;    South  Wales; 
North  Wales,  and  in  Scotland.    Argillaceous  ores  occur  abundantly  in 
the  Lias  of  Yorkshire  ;  they  are  also  found  in  the  Weulden,  and  were 
formerly  raised  and  smelted  in  Sussex  ;  beds  of  them  may  be  seen  in 
the  cliffs  near  Hastings,  and  water-worn  lumps  picked  up  abundantly 
on  the  shore  below  ;  and  they  are  not  absent  from  the  Tertiaries.  The 
fishermen  dredge  up  off  the  coast  of  the  Isle  of  Wight  rounded  lumps 
of  oro  from  the  last  named  formations,  and  I  have  seen  truckfuls  of 
such  lumps  at  the  Ebbw  Yale  Iron-works,  having  been  delivered  at 
Cardiff,  and  there  sold  at  lO.s.  per  ton. 

The  shale  in  which  many  of  the  coal-measure  ironstones  arc  im- 
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bedded  adheres  to  them  with  great  tenacity  ;  but  by  the  action  of  the 
atmosphere  it  disintegrates  and  falls  off.  The  time  of  exposure  requi- 
site thus  to  separate  the  shale  varies  considerably  with  the  ores  of 
different  localities.  Thus,  in  South  Wales  the  adhesion  of  the  shale  is 
the  cause  of  much  complaint. 

Those  who  are  engaged  in  raising  coal  and  the  associated  ironstones 
would  do  well  never  to  throw  anything  away,  of  the  nature  of  which 
they  have  not  reason  to  be  absolutely  certain.  During  the  last  few 
years  I  have  known  several  instances  in  which  ironstones  previously 
rejected  as  worthless  have  been  found  on  examination  to  contain  a 
large  amount  of  iron,  and,  consequently,  to  possess  considerable  value. 
As  a  striking  example  of  this  may  be  adduced  the  ironstone  occurring 
in  association  with  coal  in  the  district  of  Merthyr-Tvdvil,  and  known 

WW  * 

as  Duffryn  Brass.  It  is  only  a  few  years  ago  that  its  nature  was 
ascertained.  It  is  heavy,  stone-like,  and  brownish-grey  in  colour,  and 
has  sold  as  high  as  14a-.  per  ton.  I  am  indebted  to  Mr.  E.  Kiley  for 
the  following  analysis  of  a  specimen  of  it : — 


Carbonate  of  protoxide  of  iron    58*4A 

Carbonate  of  protoxide  of  manganese    0-71 

CarlK.nute  of  lime   10-tiH 

Carbonate  of  magnesia   21  IM) 

Phrvphate  of  lime   0  09 

Bisulphide  of  iron   O  ut) 

Coal   8-!>o 


100-90 


Another  remarkable  example  is  furnished  by  the  black-band  iron- 
stone of  Scotland,  which  has  contributed  enormously  to  the  wealth  of 
the  Scotch  iron-masters.  Its  nature  and  value  were  first  discovered  about 
the  year  1800  by  the  late  Mr.  Mushet,  to  whom  we  are  further  indebted 
for  much  valuable  information  concerning  the  history  of  the  develop- 
ment and  progress  of  the  smelting  and  manufacture  of  iron  in  Great 
Britain.  Mr.  Mushet,  moreover,  made  numerous  and  important  expe- 
rimental investigations  on  the  subject  of  the  extraction  and  working  of 
iron,  which,  considering  tho  period  when  he  lived  and  the  incessant 
demands  upon  his  time  in  the  management  of  business  connected 
*ittl  iron- works,  were  in  a  high  degree  creditable  and  praiseworthy. 

In  the  Internationa]  Exhibition  of  1851  were  specimens  of  Scotch 
Waek-l«nd  ironstone,  which,  according  to  my  colleague,  Mr.  \V.  Smyth, 
attracted  the  attention  of  an  observant  Prussian  mining  official,  who 
very  shortly  afterwards  recognized  tho  existence  of  similar  ore  in 
Westphalia,  which  previously  had  been  regarded  only  as  useless  shale  ; 
and  the  further  discovery  has  been  made  that  some  of  the  ore  in  this 
locality  contains  as  much  as  40  %  of  phosphate  of  lime. 

The  mineral  species  which  I  have  observed  in  the  argillaceous  ores 
of  the  coal  measures  areas  follow:  iron  pyrites,  copper  pyrites,  zinc- 
blende,  galena,  millerite  (capillary  sulphide  of  nickel),  and  sulphate 
of  iron.  Zinc-blende  may  occasionally  be  observed  lining  or  filling  up 
in  a  greater  or  le>s  degree  cracks  in  the  ore.     I  have  remarked  that  in 
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some  nodules  of  scptarian  structure,  zinc-blende  was  present  in  very 
large  quantity  in  the  cracks  towards  the  exterior,  while  none  existed 
in  thoso  towards  the  centre.  It  has  been  clearly  introduced  from 
without  by  aqueous  agency.  Millerito  has  been  found  in  cavities  in 
ironstone  at  the  Merthyr-Tydvil  district,  especially  in  the  lowest  of  the 
three  courses  constituting  the  Spotted  Vein  Mine,  at  Ebbw  Vale,  Blaina, 
and  Pontypool. 

Tables  ok  Analyses  op  British  Iron  Ores. 

The  first  International  Exhibition  in  1851  contained  a  very  exten- 
sive  and  highly  interesting  series  of  British  ores,  collected  with  great 
labour  and  expense  by  my  friend,  Mr.  S.  H.  Blackwell,  of  Dudley,  and 
afterwards  presented  by  him  to  the  Museum  of  Practical  Geology. 
Mr.  Blackwell  offered  to  place  at  my  disposal  the  sum  of  500/.  towards 
defraying  the  cost  of  analysing  all  the  more  important  of  these  ores. 
The  offer  was  accepted ;  and,  with  this  view,  I  immediately  engaged 
the  services  of  two  expert  and  trustworthy  analysts,  Mr.  Allan  B. 
Dick,  of  Edinburgh,  and  Mr.  John  Spiller,  of  London.  The  services 
of  Mr.  Edward  Riley  wero  also  secured ;  but  this  gentleman  shortly 
afterwards  was  appointed  chemist  to  the  Dowlais  Iron-works,  whither 
he  proceeded.  Messrs.  Dick  and  Spiller  were  incessantly  occupied 
with  the  work  between  two  and  three  years,  at  salaries  of  100/.  per 
annum  each.  Additional  analyses  have  been  subsequently  made  in 
my  laboratory  by  Mr.  Charles  Tookoy,  who  has  had  very  great  expe- 
rience as  an  analyst,  and  whoso  results  may  be  thoroughly  relied  on. 
I  need  hardly  observe  that  the  sum  of  500/.  did  not  suffice  for  all 
the  outlay  connected  with  this  laborious  investigation.  What  was 
further  required  has  been  defrayed  partly  out  of  the  sum  of  50/.  per 
annum  allowed  me  by  the  Government  for  miscellaneous  expenses 
connected  with  the  laboratory,  and  partly,  though  to  a  less  amount, 
out  of  my  private  funds.  The  selection  and  sampling  of  the  specimens 
for  analysis  were  undertaken  by  Mr.  Kenyon  Blackwell,  at.  the  request 
of  his  brother,  the  donor  of  the  collection.  When  the  ore  occurred  in 
contiguous  beds,  which  were  gotten  and  raised  together,  the  samplo 
analysed  was  prepared  from  an  equal  weight  of  each.  Some  of  the 
analyses,  I  should  also  add,  have  been  executed  in  my  laboratory  by 
Mr.  Tookey,  at  the  request  and  cost  of  private  individuals.  A  series 
of  analyses  of  the  Dowlais  iron  ores,  by  Mr.  Kiley,  have  been  commu- 
nicated by  the  Dowlais  Iron  Company,  and  a  few  also  by  the  late 
Mr.  E.  Kogers,  of  Abercarn,  near  Newport,  Monmouthshire.  Other 
analyses  have  been  extracted  from  published  works,  especially  the 
valuable  Blue  Book  on  Cast-iron  Experiments,  presented  to  the  House 
of  Commons,  July  30,  1858:  these  were  made  in  the  Chemical  Labo- 
ratory of  the  Arsenal  at  Woolwich,  under  the  direction  of  Mr.  Abel, 
chiefly,  I  believe,  by  Mr.  John  Spiller.  In  every  case  the  authority 
and  reference  will  be  found  stated.  The  initials  over  the  columns  are 
those  of  the  names  of  the  analysts  :  A.  D.,  Allan  Dick ;  J.  S.,  John 
Spiller;   E.  K.,  Edward  Kiley  ;  C.  T.,  Charles  Tookey.     All  the 
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analyses  to  which  these  initials  are  attached  have  been  made  in  the 
metallurgical  laboratory  of  the  Royal  School  of  Mines,  in  Jermvn- 
street  Where  no  initials  are  given,  the  names  of  the  analysts  will  be 
found  under  the  respective  descriptive  notices.  A  large  proportion  of 
these  analyses  have  been  published,  at  the  expense  of  Government,  in 
the  work  entitled  44  The  Iron  Ores  of  Great  Britain,"  of  which  four 
parts  have  already  appeared. 

In  all  .Mr.  Dick's  analyses  the  ore  was  weighed  after  drying  at 
I00°C,  so  that  in  the  columns  headed  with  A.  D.  the  combined  water 
alone  is  given.  In  nearly  all  Mr.  Spiller's  analyses  the  ore  was 
weighed  without  previous  drying,  so  that  in  the  columns  headed  with 
J.  S.  both  hygroscopic  and  combined  water  will  be  found.  When  the 
number  in  the  line  for  water  faces  a  bracket  including  hygroscopic 
and  combined  water,  it  indicates  that  the  ore  was  analysed  without 
previous  drying,  but  that  tho  water  in  the  two  states  was  not  sepa- 
rately determined.  In  some  analyses  the  combined  water  appears  very 
small  compared  with  the  amount  of  clay  existing  in  tho  ore :  e.g.,  see 
Xos.  62  and  63  in  the  table  of  Argillaceous  Ores  from  the  Coal 
Measures. 

In  Mr.  Dick's  analyses  the  alkali  was  not  separately  determined  in 
that  part  of  the  ore  which  dissolved  in  hydrochloric  acid ;  and,  con- 
sequently, when  alkali  appears  in  his  analyses,  it  will  be  found  under 
the  ignited  insoluble  residue. 

The  amount  soluble  is  not  to  be  regarded  as  strictly  determinate ; 
for  it  may  vary*  according  to  the  strength  of  the  acid,  time  of  digestion, 
etc.  However,  I  considered  it  desirable  in  many  cases  to  state  the  com- 
position of  the  soluble  and  insoluble  portions  separately,  as  iron  ores 
are  now  frequently  assayed  by  vcet  methods,  and  it  becomes  important 
to  know  how  much  may  remain  undissolved.  It  is  also  desirable  to 
ascertain  whether  soluble  silica  is  present.  Besides,  the  facts  elicited 
from  this  mode  of  presenting  the  analytical  results  may  be  interesting  in 
•  purely  scientific  point  of  view.  Thus,  in  the  ignited  insoluble 
residue  of  the  argillaceous  ores,  alkali  is  always  to  be  found,  and  gene- 
rally in  larger  proportion  than  in  the  soluble  part.  I  directed  special 
attention  to  this  point,  which  has  been  carefully  and  repeatedly  esta- 
blished. The  residue  in  this  class  of  ores  for  tho  most  part  has  tho 
composition  of  fire-clay. 

It  is  not  to  be  inferred  that  a  blank  space  in  tho  columns  necessarily 
indicates  the  absence  of  the  substance.  Thus,  it  was  ascertained  that 
frequently  a  trace  of  sesquioxido  of  iron  existed  in  argillaceous  ores  ; 
but  I  did  not  consider  it  necessary  to  determine  the  amount,  except 
when  it  was  present  in  sensible  proportion. 

When  analyses  of  the  soluble  and  insoluble  portions  aro  given  sepa- 
rately, the  silica  in  tho  upper  part  of  the  table  indicates  soluble  silica, 
and  that  in  the  lower  part  insoluble  silica. 
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ANALYSES  OF  BRITISH  IRON  ORES 


OBSERVATIONS  ON  THE  FOREGOING  TABLES. 


Table  I. — MAGNETIC  OXIDE  OF  IRON. 

L  Dartmoor,  Devonshire. — It  was  compact,  black,  sub-metallic  in  lustre,  uneven  and 
granular  on  fracture,  and  gave  a  black  streak.  There  was  disseminated  through  the 
ore  a  pale  green  mineral,  which  remained  in  the  insoluble  residue  obtained  by  diges- 
tion with  hydrochloric  acid.  Traces  of  bismuth,  tin,  and  copper  were  detected  in  a 
solution  of  900  grains  of  the  ore. 

Table  II. — RED  HAEMATITES. 

1.  Cleator  Moor,  Whitehaven,  Cumberland. — The  ore  is  a  compact  red  haematite ; 
it  contains  cavities,  lined  with  crystals  of  specular  iron  and  quartz.  A  most  minute 
trace  of  lead  was  detected  in  400  grains  of  ore. 

2.  Cleator  Moor,  Whitehaven,  Cumberland. — The  ore  consisted  of  a  compact  and 
pulverulent  unctuous  red  hematite.  A  trace  of  lead  was  detected  in  500  grains 
of  ore. 

2a.  From  Whitehaven. — This  was  analyzed  at  the  Arsenal,  Woolwich.  Four 
analyses  of  pig-iron,  reported  to  have  been  made  from  this  ore,  are  given  by  Mr.  Abel 
(p.  19  of  his  Report),  and  in  all  tho  proportion  of  silicon  is  large,  the  extremes  being 
3*02%  and  2  63%.  Ami  yet  the  ore  is  stated  to  have  contained  only  1%  of  silica. 
There  is  doubtless  some  mistake  on  this  point.  The  ore  may  have  been  selected  in 
tho  particular  case;  for  it  is  well  known  that  much  of  the  ore  from  this  locality 
abounds  in  silica. 

3.  Oillbrow,  Ulverstone,  Lancashire. — The  ore  is  red  hreniatite  of  the  unctuous 
variety.  It  contains  intermixed  pieces  of  carbonate  of  lime,  etc.,  which  being  coloured 
red  cannot  bo  seen  until  the  specimen  is  washed.  A  minute  quantity  of  a  whitish 
metal,  prccipitable  by  sulphuretted  hydrogen  from  the  hydrochloric  acid  solution,  was 
obtained  from  500  grains ;  but  it  was  too  small  in  quantity  to  bo  identified. 

4.  Lindale  Moor,  near  Ulverstone,  Lancashire.— The  sample  prepared  for  analysis 
was  selected  from  a  large  quantity  of  the  ore,  which  consisted  of  fragments  differing 
in  degree  of  hardness ;  but  the  majority  were  of  the  hard  compact  variety  of  red 
hasmatite.   A  distinct  trace  of  arsenic  was  detected  in  1G80  grains  of  ore. 

4a.  Compact  red  haematite  from  the  North  Pit,  Lindale  Cote,  near  Ulverstone, 
Lancashire. — The  analysis  was  made  by  Mr.  R.  Smith,  March,  1851.  From  500 
groina  of  the  ore  was  obtained  0'024°/o  of  metallic  oxide,  which  yielded  a  tin- white 
metal  before  the  blow-pipe.  No  trace  of  nickel  or  cobalt  was  detected  in  500  grains 
of  the  ore.   All  tbe  preceding  ores  occur  in  the  carboniferous  limestone. 

5.  Whitchurch,  near  Cardiff,  Glamorganshire. — It  is  described  as  soft,  dull,  and 
greasy  in  lustre,  soiling  the  fingers,  and  in  structure  oolitic,  and  sometimes  pisolitic. 
No  metal  prccipitable  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  300 
grains  of  tho  ore.  It  was  analyzed  by  Mr.  W.  Ratcliffe  for  the  late  Mr.  E.  Rogers  of 
Abercara.    This  occurs  below  or  at  the  base  of  the  carboniferous  limestone. 

Table  III. — BROWN  HAEMATITES. 

1.  From  Froghall,  near  Cheadle,  Staffordshire.— It  is  a  calciferous  brown  hajmatite, 
occurring  in  the  lowest  portion  of  the  coal  measures.  It  is  compact,  homogeneous,  and 
browniah-ml  in  colour.   The  lump  contained  a  vein  of  calcareous  spar.    In  a  solution 
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of  450  grains  of  ore,  sulphuretted  hydrogen  produced  a  slight  precipitate,  from  which  a 
minute  trace  of  a  whitish  metal,  too  small  to  identify,  was  reduced.  One  specimen 
of  this  ore  was  nearly  pure  hydrated  sesquioxido  of  iron. 

2  Black  Brush  Ore,  Forest  of  Deax,  (iloure$ter*hire. — Minute  traces  of  copper 
and  lead  were  detected  in  a  solution  of  f>00  grains  of  the  ore. 

3  Brandy  Brush  Ore,  Forest  op  Dean.— It  is  a  very  impure  and  highly  siliceous 
brown  htematite.  No  metal  preeipitable  hy  fculphuretted  hytlrogen  was  detected  in  a 
solution  of  500  grains  of  the  ore. 

4.  Smith  Ore,  Forest  of  Dean. — It  is  a  comparatively  pure  brown  haematite.  No 
rectal  preeipitable  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  550  grains 
of  tl>e  ore. 

5.  Grey  Vein,  Forest  of  Dean.— It  is  a  brown  haematite  containing  a  birge  propor- 
tion of  carbonate  of  lime  and  magnesia.  No  metal  preeipitable  by  sulphuretted 
hydrogen  was  detected  in  a  solution  of  500  grains  of  the  ore.  Nos.  2,  3,  4,  5  occur  in 
the  carboniferous  limestone. 

6.  From  Llantrissant,  Glamorgantti ire. —From  a  remarkable  deposit  forming  the 
hose  of  the  magnesian  conglomerate,  and  resting  on  the  carboniferous  limestone. 

7.  Shipped  at  Penttan.  Coruicull. — Obtained  from  lodes  iwrtly  in  the  granite  and 
partly  in  slaty  rock  near  St.  Austell. 

8.  From  Dtron&ire.  Precise  locality  not  stated. — Distinct  traces  of  arsenic,  anti- 
mony, lead,  and  copper  were  detected  in  a  solution  of  500  grains  of  tho  ore.  At 
Brixham,  in  Devonshire,  thero  is  a  very  large  deposit  of  brown  iron  ore,  which  has 
long  been  extensively  worked.  The  ore  has  been  smelted  in  South  Wales,  and  it  lias 
also  been  largely  employed  as  a  pigment.  Close  to  Brixham  is  a  mill,  where  it  is 
prepared  and  ground  with  linseed  od  into  paint,  which  is  specially  recommended  for 
painting  ironwork. 

9«i.  Aluminous  Ore,  Belfast,  Ireland.— Under  this  name  I  received  specimens  of 
the  ore.  It  is  in  the  state  of  conglomerate,  consisting  of  small  rounded  siliceous  pea- 
like pebbles  cemented  together.  It  is  remarkable  on  account  of  the  large  pro- 
portion of  alumina  which  it  contains.  Titanic  acid  was  present,  but  not  quantitatively 
determined. 

Sfc.  Aluminous  Ore,  Belfast,  Ireland.—  Another  sample  analysed  by  Mr.  E.  Riley. 

Table  IV.— BROWN  ILEMATITES,  CHIEFLY  FROM  THE  OOLITE. 

1.  From  Wellingborough,  Northamptonshire. —  The  ore  consists  essentially  of  earthy 
hydrated  sesquioxide  of  iron.  It  is  oolitic  in  structure,  and  ochre-brown  in  colour. 
The  insoluble  residue  consisted  almost  entirely  of  siliceous  oolitic  concretions,  but  on 
dissolving  these  in  potash  a  small  amount  of -residue  was  left,  containing  quartzose 
sand,  scales  of  mica,  and  minute  spherical  particles  of  magnetic  oxide  of  iron.  The 
ore  contained  numerous  marine  shells,  and  occurs  in  the  Northampton  Sand,  which  lies 
at  the  base  of  the  Great  Oolite,  and  is  the  geological  equivalent  of  the  Stonesfield 
Slate.1    A  trace  of  copper  was  detected  in  a  solution  of  tiOO  grains  of  the  ore. 

The  introduction  of  the  Northamptonshire  ore  is  only  of  recent  date.  Not  long 
previous  to  the  International  Exhibition  of  1851,  Colonel  (now  General)  Arbuthnot 
called  upon  me  in  Birmingham,  where  I  then  resided,  and  requested  my  opinion  on  a 
sr*  eirnen  of  the  ore  which  he  left  with  me.  I  found  it  to  contain  a  sensible  quantity  of 
s*squioxide  of  iron  and  a  very  large  amount  of  siliceous  sand.  I  made  no  quantitative 
examination  of  it ;  and,  certainly,  the  specimen  in  question  did  not  prcijossess  me  in 
it*  favour.    However,  I  referred  the  Colonel  to  my  friend,  Mr.  S.  II.  Blackwell,  of 


'  ThU  M  tstatcd  on  the  authority  of  ray  colleague  Prole»w>r  A.  C.  Ramsay. 
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Dudley,  who  visited  the  locality  of  the  ore  in  order  to  examine  it  in  situ.  He  obtained 
samples  much  richer  in  iron  than  that  which  was  placed  in  my  hands.  He  prosecuted 
inquiries  on  tlie  subject  with  his  usual  energy,  and  the  result  has  been  the  discovery  of 
an  extensive  deposit  of  ore,  which  has  since  been  smelted  in  large  quantity  in  South 
Staffordshire,  Derbyshire,  ami  South  Wales. 

2.  From  Wellingborough,  Northamptonshire  — It  was  similar  to  the  last,  but  ochre- 
yellow  in  colour.  The  insoluble  residue  for  the  most  part  consisted  of  siliceous  oolitic 
concretions,  and  contained  also  quartzose  sand,  mica,  and  small  black  particles  of  mag- 
netic oxide  of  iron. 

3.  From  Wellingborough,  Northamptonshire.— It  was  in  all  respects  similar  to  tho 
last.  A  minute  truee  of  a  malleable  metal,  apparently  lead,  was  detected  in  the  on\ 
Nearly  the  whole  of  the  silica,  it  will  be  perceived,  existed  in  the  form  of  oolitic  con- 
cretions. Tho  insoluble  residue  contained  quartzose  sand,  mica,  and  small  particles 
of  magnetic  oxide  of  iron. 

4.  From  Harpingstone,  a  village  near  Northampton. 

5.  From  the  East  End  Iron  Works,  Wellingborough,  NorthamptonsJtire  —  The  ore 
was  ochre-brown  in  colour.  The  sample  analyzed  was  an  average  of  three  specimens. 
No  appreciable  amount  of  sulphur  was  found  in  the  ore. 

6.  From  the  Heyford  Iron  Works,  near  Weepon,  Northamptonshire.—  The  ore  was 
similar  in  appearance  to  the  preceding.  The  sample  analyzed  was  an  average  of  two 
specimens.    No  appreciable  amount  of  sulphur  was  found  in  the  ore. 

7  and  8. — These  analyses  are  of  the  inner  and  outer  portions  respectively  of  a  himp  of 
Northamptonshire  iron  ore.  Tho  inner  portion,  it  will  be  observed,  consists  for  the 
most  part  of  earbouate  of  protoxide  of  iron,  and  the  outer  portion  of  hydrated  sesquioxide, 
the  latter  having  been  clearly  derived  from  tho  former  by  atmospheric  artion.  No 
metal  precipitable  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  880  grains 
of  the  ore.  No.  7.  On  the  contrary,  extremely  minute  traces  of  copper  and  lead  were 
detected  in  a  solution  of  744  grains  of  the  ore,  so  that  these  metals  appear  to  liave  been 
communicated  to  the  ore  by  water  from  without. 

9.  From  Banbury,  Oxfordshire.— This  cannot  bo  regarded  as  an  iron  ore,  properly 
so  called.    Of  the  7  *  36  of  insoluble  residue  .V02  dissolved  in  dilute  potash. 

10.  From  Woodstock,  Oxfordshire,  on  the  estate  of  the  Duke  of  Marlborough.— The 
analysis  is  of  an  average  sample  prepared  from  several  specimens.  The  ore  much 
resembles  in  appearance  some  of  the  yellowish-brown  varieties  of  Northamptonshire 
ore.    It  occurs  in  the  Marlstono  between  the  Upper  and  Lower  Lias. 

11.  From  Brigg,  Lincoliislu're. — It  much  resembles  tho  preceding.  It  occurs  as  a 
superficial  deposit,  but  I  cannot  ascertain  that  its  precise  geological  position  has  been 
satisfactorily  determined. 

12.  From  Dorsetshire,  on  the  estate  of  the  Earl  of  Shaftesbury. — It  much  resembles 
the  preceding. 

IS.  From  Seend,  in  Wiltshire.—  The  specimen  analyzed  much  resembled  the 
preceding,  and  was  from  the  out-crop,  where  it  had  been  exposed  to  atmospheric 
oxidation.  It  is  a  highly  siliceous  earthy  hydrated  sesquioxide  of  iron.  It  occurs  in 
the  Lower  Grecnsand. 

Table  V.-SPATHIO  CARBONATES. 

1.  West  Level,  Tow  Law  Iron  Works,  Weardale,  Durham.— The  ore  consists 
essentially  of  hydrated  sesquioxide  of  iron  and  carbonate  of  protoxide ;  and  is  evidently 
the  result  of  the  incomplete  decomposition  of  spathic  carbonate  by  the  conjoint  action 
of  air  and  moisture.  Fluor-spar  and  galena  occur  in  association  with  this  ore.  A 
small  quantity  of  the  spar  was  attached  to  the  lump  of  ore  from  which  the  portion  for 
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analysis  was  taken,  but  it  was  carefully  separated  and  put  aside.  A  trace  of  lead  was 
detected  in  400  grains  of  ore. 

1  Baspey  Vein,  Rookhope,  a  lateral  valley  opening  into  Weardale. — Tlie  ore  is 
sjathic  carbonate.  When  a  piece  of  it  is  digested  in  hydrochloric  acid  until  every- 
thing soluble  is  removed,  there  remains  a  siliceous  skeleton  of  the  shape  and  size  of  the 
piece  originallv.  No  metal  preeipitable  by  sulphuretted  hv<irogen  was  found  in  a 
solution  of  1000  grains  of  the  ore. 

3.  Weardale,  Drsn  am.— Spathic  carbonate,  of  a  light-brown  colour.  Transparent, 
colourless  particles  of  quartz  nre  diffused  through  the  mass,  which  may  be  distinctly 
recognised.    It  contains  a  little  copper :  1000  grains  of  ore  gave  0  26  of  protoxide 

(CuO). 

4.  Weardale.  Dtsham—  It  is  essentially  hydmtcd  sesquioxide  of  iron,  resulting  from 
the  decomposition  of  spathic  carbonate.  Its  colour  is  chocolate-brown.  It  contained 
a  trace  of  copper.    All  the  preceding  ores  occur  in  the  Carboniferous  Limestone. 

5.  Brandon  Hills,  Somersetshire.— It  consisted  essentially  of  crystallized  carbonate  of 
protoxide  of  iron,  with  tliin  lamina?  of  unctuous  ml  haematite  irregularly  disseminated 
through  the  mass.  The  outer  surface  was  discoloured  by  peroxidation,  and  the  sample 
analyzed  was,  therefore,  taken  from  the  interior.  A  minute  trace  of  phosphoric  acid, 
but  no  sulphur,  was  found  in  120  grains  of  the  ore.  No  metal  preeipitable  by 
sulphuretted  hydrogen  was  detected  in  a  solution  of  COO  grains  of  the  ore.  The  com- 
position of  the  insoluble  residue  was  calculated  from  the  results  of  an  analysis  of  1  ■  725 
grains  of  such  residue  from  GOO  grains  of  ore.  It  has  been  extensively  worked  during 
the  last  few  years  by  the  Ebbw  Vale  Iron  Company.  My  colleague,  Mr.  Warington 
Smyth,  informs  me  that  he  lias  lately  visited  the  mines,  and  was  much  struck  with  the 
beautiful  masses,  which  were  largely  crystalline  and  resembled  the  pure  mineral.  It 
occurs  in  the  Devonian  series. 

6.  Exmoor,  Devonshire. — It  consisted  essentially  of  crystallized  carbonate  of  lime  and 
carbonates  of  protoxide  of  iron  and  manganese.  In  the  ore  were  observed  (mrticlcs  of 
quartz, a  green  micaceous  mineral  insoluble  in  hydrochloric  add  (chlorite  ?,  and  small 
particles  of  iron  pyrites.  No  metal  preeipitable  by  sulphuretted  hydrogen  was  detected 
in  a  solution  of  480  grains  of  the  ore.  The  proportion  of  iron  is  so  small,  that  the  ore 
would  be  properly  designated  ferriferous  limestone.  Spathic  ore,  uncluuiged  and  in 
various  degrees  of  conversion  into  hydratod  sesquioxide,  is  fuund  at  Exmoor,  the  pro- 
perty of  Mr.  Knight.  It  has  recently  been  worked  to  some  extent,  and  ship|»cd  to 
South  Wales.  I  have  seen  stacks  of  excellent  ore  from  this  locality  lying  at  Lyn- 
mouth  for  shipment  The  cost  of  carriage  to  the  sea  is  at  present  an  insuperable 
objection  to  the  development  of  Mr.  Knight's  mines,  but  I  am  informed  that  it  is 
proposed  to  construct  a  railway  to  Minehead  expressly  for  the  conveyance  of  this  ore. 

Table  VI.-ARGILLACEOUS  IRON  ORES  FROM  THE  COAL 

MEASURES. 

L  White  Bed  Mine,  Brtkrley,  Yorkshire.—  It  consists  of  the  following  series  of  nua- 
«w»:-Top  Flats,  Low  Flats.  White  Balls,  Middle  Balls,  and  Ix»w  Measure.  The 
wimple  analyzed  was  prepared  from  equal  weights  of  these  varieties.  There  was  a 
*tin  of  iron-pyrites  in  the  White  Balls.  A  distinct  trace  of  copper  was  detected  in  a 
solation  of  500  grains  of  the  ore. 

2.  Black  Bed  Mine,  Low  Moor,  Yorkshire. — It  consists  of  the  following  measures: — 
Top  Balls,  Flat  Stone,  Middle  Balls,  Rough  Measure,  L>w  Measure,  Basset  Stone.  The 
ftunple  analyzed  was  prepared  from  equal  weights  of  these  varieties.  The  Rough 
Measure  contained  iron  pyrites  in  the  form  of  exceedingly  fine  films  taking  the  outline 
of  shells.  No  metal,  preeipitable  by  sulphuretted  hydrogen,  was  found  in  a  solution  of 
600  grains  of  the  ore. 

Q  2 
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2«i.  Black  Bed  Mine,  supplied  by  Messrs.  Harding  and  Co.  of  the  Bceston  Manor  Iron- 
Works,  near  Leeds,  to  the  Arsenal  at  Woolwich  for  analysis.  Cast-Iron  Experiments 
(Blue  Book),  p.  189.  It  was  reported  to  be  the  same  as  treated  at  the  Ix>w  Moor 
Iron-works. 

3.  Thorncliffe,  or  Old  Black  Mine,  Pakkgate,  Yrtrkshire. — It  consists  of  two  measures 
—  Rill-  and  Holing  Measure.  The  simple  analyzed  was  prepared  from  equal  weights 
of  these  varieties.  The  first  was  seamed  with  numerous  cracks  of  contraction,  filled 
with  carbonate  of  lime,  carbonate  of  iron,  etc. ;  the  second  contained  impressions  of 
stigmaria  rootlets.  No  metal,  precipitable  by  sulphuretted  hydrogen,  was  found  in  a 
solution  of  500  grains  of  the  ore. 

4.  Thorncliffe  White  Mine,  Parkgate,  Yorkshi re.—  It  consists  of  three  measures  - 
Flats,  Balls,  and  Holing  Measure.  The  sample  analyzed  was  prepared  from  equal 
weights  of  these  varieties.  In  the  second  were  small  veins  of  sulphate  of  baryta  and 
carbonate  of  lime,  with  a  trace  of  iron  pyrites.  A  trace  of  sulphate  of  baryta  wus  found 
in  the  analysis.  A  minute  trace  of  copper  was  detected  in  a  solution  of  450  grains  of 
tho  ore. 

5.  Black  or  Clay  Wood  Mine,  Parkgate,  Yo  rksh t>< .  Sum II  particles  of  iron  pyrites 
were  sparingly  diffused  through  the  ore.  Traces  of  lead  and  copper  were  detected  in  a 
solution  of  G80  grains  of  the  ore. 

6.  Swallow  Wood  Rake,  Stanton,  Derbyshire. — The  sample  analyzed  was  prepared 
from  equal  weights  of  three  specimens,  which  were  not  distinguished  from  each  other 
by  specific  names.  No  metal,  precipitable  by  sulphuretted  hydrogen,  was  detected  in 
a  solution  of  560  grains  of  ore. 

7.  Brown  Rake,  BrrrreRLEY,  Derby th ire. —It  consists  of  three  measures.  Balls,  Top 
Measure,  and  Bottom  Measure.  The  sample  analyzed  was  prepared  from  equal 
weights  of  the  first  two  varieties.  A  trace  of  a  reddish  metal,  too  small  to  examine, 
was  detected  in  a  solution  of  1200  grains  of  the  ore. 

8.  Brown  Rake,  Butterlev,  Derbyshire. — Tho  samplo  analyzed  was  from  the 
Bottom  Measure  referred  to  in  the  preceding  description  of  No.  7.  Distinct  traces  of 
lead  and  copper  were  detected  in  a  solution  of  000  grains  of  the  ore. 

9.  Black  Rake,  Butterley,  Derbyshire. — It  consists  of  two  measures.  Top  Measure 
and  Bottom  Measure.  Tho  samplo  analyzed  was  prepared  from  equal  weights  of 
these  varieties.  The  second  contained  thin  films  of  iron  pyrites  disposed  in  the  form 
of  shells.  Distinct  traces  of  copper  and  lead  were  detected  in  a  solution  of  700  grains 
of  the  ore. 

10.  Dog-tooth  Rake,  Staveley,  Derbyshire— It  consists  of  the  following  measures  :— 
White  Measure,  Sugar-Plum  Measure,  Marble  Measure,  Balls,  and  Snail  Horn.  This 
rake  is  called  Wallis'  Rake  at  Butterley,  south  of  which  it  does  not  prove.  The  sample 
analyzed  was  prepared  from  equal  weights  of  the  first,  second,  and  fourth  of  these 
varieties.  The  second  contained  a  few  shells  irregularly  diffused.  A  minute  trace  of 
copper  was  detected  in  a  solution  of  030  grains  of  the  ore. 

1L  Dog-tooth  Rake,  Staveley,  Derby&ire.— The  sample  analyzed  was  prepared 
from  equal  weights  of  the  third  and  last  varieties  enumerated  under  No.  10.  Both 
contained  abundance  of  shells.  A  minute  trace  of  a  white  metal,  too  small  to  examine, 
was  detected  in  a  rotation  of  400  grains  of  the  ore. 

12.  Honeycroft  Rake,  Stanton,  Derbyshire  —  It  consists  of  the  following  measures  :— 
Clutters,  Tufty  Balls,  Barren  Beet,  Grindstone  Measure,  Grinder's  Wife,  Big  Balls, 
Bottom  Flats,  and  Brick  Measure.  The  sample  analyzed  was  prepared  from  equal 
weights  of  these  several  varieties.  In  the  second  were  cracks  of  contraction  filled 
with  carbonate  of  iron,  lime,  etc.  (brown-spar) ;  it  also  contained  some  shells  and  zinc- 
blende.    A  minute  trace  of  copper  was  detected  in  a  solution  of  480  grains  of  the  ore. 
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13.  Civilly  Bake,  Stanton,  Derbysfiire  —  It  consists  of  the  following  measure*  :— 
Bachtll  3Iea»ure,  Chance  Bulls,  Bottom  Measure,  Chittcra,  and  Owl  Measure.  The 
simple  :tri;ii%  z*  <1  was  prepared  from  equal  weights  of  all  these  varieties.  In  the  second 
were  internal  cracks  tilled  with  pink  sulphate  of  baryta,  a  little  carbonate  of  lime,  and 
zinc  blende.  A  trace  of  sulphate  of  baryta  wus  found  in  the  analysis,  and  a  minute 
mux;  of  copper  was  detected  in  a  solution  of  500  grains  of  the  ore. 

11  Dale  Moor  Bake,  Stanton,  Derbyshire, — It  consists  of  the  following  measures : — 
Clunch  Halls,  Roof  Measure  Balls,  Roof  Measure,  Over  Bottom,  and  Bottom  Balls. 
The  ample  analyzed  waa  prepared  from  equal  weigh ta  of  all  these  varieties.  The 
nrst  routained  impressions  of  vegetable  remains,  including  many  stitpnaria  rootlets, 
ami  fish  yeules :  perfect  fossil  fishes  occur  in  this  ironstone.  These  animal  remains 
sufficiently  account  for  the  comparatively  large  proportion  of  phosphoric  acid  set  down 
in  the  analysis.    Zinc-blende  and  a  distinct  traee  of  copper  were  found  in  the  ore. 

15.  Brooch  Ironstone.  Corngreaves,  Staffordshire. — It  contained  small  tubular 
cavities  rilled  with  white  clay,  in  which  was  zinc-blende.  Besides  zinc  in  the  form  of 
blende,  a  trace  of  white  metal,  preeipitable  by  sulphuretted  hydrogen,  but  too  small  to 
identify,  was  detected  in  u  solution  of  400  grains  of  the  ore.  The  so-called  Brooch 
Brazil  is  generally  found  in  the  centre  of  the  Brooch  Coal  at  Tividale,  and  occasionally 
at  West  Broniwich.  It  occurs  irregularly  in  pieces  varying  in  size  from  a  walnut  to 
lumps  12  inches  long  and  4  inches  or  5  inches  thick,  and  when  drawn  resembles  the 
Brazil  in  the  ten-yard  coal.  A  specimeu  of  this  stone,  which  I  took  from  the  Hange 
O-lliery,  Tividale,  contained  35*08  Vo  of  if'n.or  somewhat  more  than  the  G»rngreavcs 
stone. 

16.  Pins,  Dudley,  Staffordshire. ,'— A  tmce  of  whitish  metal  preeipitable  by  sul- 
phuretted hydrogen  was  detected  in  a  solution  of  000  grains  of  ore. 

17.  Penny  Earth,  Dudley,  Staffordshire.— No  metal  preeipitable  by  sulphuretted 
liy.irfigen  was  detected  in  a  solution  of  000  grains  of  ore. 

18.  Grains,  Dudley,  Staffordshire.— Wo  metal  preeipitable  by  sulphuretted  hydrogen 
was  detected  in  a  solution  of  900  grains  of  ore. 

l&i  and  1*6.  Graina,  supplied  by  Messrs.  Urazebrook,  of  the  Nctherton  Iron-Works, 
near  Dudlev,  to  the  Arsenal  at  Woolwich  for  analysis.    Cast-iron  Kxiierimenta  (Blue 
Book  ,  p.  78. 

IV.  Graina,  from  Bell  Farm,  supplied  by  Messrs.  Badger  and  C  >.,  Old  Hill  Fur- 
nace, Dudley,  to  the  Arsenal  at  Woolwich  for  analysis.    Op.  cit.  p.  90. 

19.  Dubbin  Ironstone  (Gubbin),  Dudley,  Stafford*hire.—ll  contained  thin  veins  of 
white  and  reddish  brown  matter,  in  which  zinc-blende,  galena,  and  copju  r-py rites  were 
risible.  No  metal  preeipitable  by  sulphuretted  hydrogen  was  detected  in  a  solution 
of  500  grains  of  the  ore. 

19a  Gubbin,  supplied  by  Messrs.  Urazebrook,  of  the  Nctherton  Iron- Works,  near 
Dudley,  to  the  Arsenal  at  Woolwich  for  analysis.    Op.  cit.  p.  78. 

19'..  Gubbin,  from  Bell  Farm,  supplied  by  Messrs.  Badger  and  Co.,  Old  Hill 
Furnace,  Dudley,  to  the  Arsenal  at  Woolwich  for  analysis. 

20.  Gubbin  Ironstone  (Cannock),  Dudley,  Staffordshire. — It  contained  thiu  veins  of 
greyish-white  matter  with  blende.  No  metal  preeipitable  by  sulphuretted  hydrogen 
wan  detected  in  a  solution  of  500  grains  of  the  ore. 

21.  Gubbin  Ironstone  (Rubble,,  Dudlev,  Staffordshire. — No  metal  preeipitable  by 
sulphuretted  hydrogen  was  detected  in  a  solution  of  500  grains  of  the  ore. 

1  Dudley  is  in  an  UoUted  piece  of  Worcestershire  In  South  Staffordshire ;  and  I  have,  therefore, 
<fc*cribed  it  as  In  the  last-named  county,  as  Is  certainly  the  case  in  a  geological  point  of  view. 
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22  Whitestone  Bind,  Dudley,  Staffordshire.— In  the  ore  was  a  vein  of  carbonate  of 
lime  containing  small  crystals  of  galena.  A  trace  of  lead  was  found  in  a  solution  of 
300  grains  of  the  ore. 

The  rock  overlying  the  whitestone  in  some  localities  has  been  examined,  and  found 
to  contain  a  much  larger  proportion  of  iron  than  its  appearance  would  indicate. 
Mr.  S.  H.  Bhvkwell  has  communicated  to  me  the  following  incomplete  analyses  of  Die 
rock  separating  the  two  bands  of  bottom  whitestone  at  Bilston,  wliich  he  has  largely 
and  very  advantageously  smelted  in  conjunction  with  cinders  :— 

Protoxide  of  iron  31-00    31  •  23 

Oxide  of  manganese                           2*50    0*30 

Alumina                                        5*80    5  15 

Lime                                             8  30    10' 41 

Magnesia                                        2  50    6'00 

Silica  11-50    11-50 

Phosphoric  acid                               0*31    none. 

Sulphuric  acid                                 1-13    trace. 


Two  specimens  of  tho  rock  overlying  the  whitestone  which  I  got  myself  at  the  Oak 
Colliery,  West  Bromwich,  have  been  assayed  by  Mr.  Smith,  in  my  laboratory,  and 
yielded  respectively  86%  and  30%  of  iron.  I  am  iuformed  that  it  is  used  at 
Bilston  for  making  Roman  cement. 

2&i.  Binds,  supplied  by  Messrs.  Grazebrook  and  Co.,  Ncthcrton  Iron-Works,  near 
Dudley,  to  the  Arsenal  at  Woolwich  for  analysis.    Op.  cat  p.  78. 

23.  Bottom  Whitestone,  Dudley,  StaffordsJti re— It  was  irregularly  seamed  with 
numerous  small  veins  of  carbonate  of  lime ;  and  it  also  contained  a  small  quantity  of 
white  clay.  No  metal  precipitablo  by  sulphuretted  hydrogen  was  detected  in  a  solu- 
tion of  300  grains  of  the  ore. 

23a  and  23&.  Whitestone,  supplied  by  Messrs.  Grazebrook  and  Co.,  Nethertou  Iron- 
Works,  near  Dudley,  to  the  Arsenal  at  Woolwich  for  analysis,  p.  78. 

23<\  Whitestone.  West  Bromwich,  Staffordshire,  supplied  by  Messrs.  Badger  and  Co., 
Old  Hill  Furnace,  Dudley,  to  the  Arsenal  at  Woolwich  for  analysis.    Op.  cit.  p.  96. 

24.  Cakes  or  Bluestone,  Dudley,  Staffordshire. — It  contained  veins  of  carbonate  of 
lime.  No  metal  precipitablo  by  sulphuretted  hydrogen  was  detected  in  a  solution  of 
200  grains  of  the  ore. 

25.  Cakes  <>r  Bluestone,  Dudley,  Staffordshire, — No  metal  precipitablo  by  sul- 
phuretted hydrogen  was  detected  in  a  solution  of  000  grains  of  the  ore. 

26.  Fire-Clay  Balls,  Dudley,  Staffordshire. — It  is  a  coarse-grained  crystalline 
i-arbonate  of  protoxide  of  imn,  varying  in  colour  from  light  to  dark  brown.  No  metal 
precipitablo  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  1140  grains  of 
tho  ore. 

27.  Fire-Clay  Balls,  Dudley,  Staffordshire.— It  is  a  fine-graiued  greyish -brown 
crystalline  carbonate  of  protoxide  of  iron.  It  contained  veins  of  cale-sjiar,  and  white 
pulverulent  silicate  of  alumina,  in  which  were  small  white  crystalline  globular  concre- 
tions, consisting  of  carbonate  of  lime  and  magnesia.  No  metal  precipitable  by  sul- 
phuretted hydrogen  was  detected  in  a  solution  of  750  grains  of  the  ore. 

28.  Poor  Robin's,  Bunker's  Hill,  Staffordshire.— A  trace  of  copper  was  detected  iu 
the  solution  of  1030  grains  of  tlie  ore. 

29.  Bough  Hill  Whitestone  good  sample  ,  Darlastox,  Staffordshire. 

30.  Rough  Hill  Whitestone  (bad  sample),  Darlastox,  Staffirrdsh ire.—  The  ore  con- 
tained shale.    A  trace  of  eopj»er  was  detected  in  the  solution  of  500  grains  of  the  ore. 
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81  Bough  Hill  Whitestone,  Rough  Hay  Colliery,  Darlastox,  Staffordshire. — The 
ore  contained  sesquioxide  of  iron,  copper  pyrites,  and  veins  of  silicate  of  alumina 
(white  day  .  The  presence  of  copper  was  distinctly  proved  in  a  solution  of  800  grains 
of  the  ore. 

32.  Whitestone,  Rough  Hay  Colliery,  Darlastox,  Stafford*!* ire. -Microscopic  ' 
crystals  of  copper  pyrites  were  very  sparingly  diffused  through  the  ore.    The  presence 
of  copper  was  distinctly  proved  in  a  solution  of  500  grains  of  the  on?. 

S3.  Gubbin  and  Balls,  BrxxER's  Hill  Colliery,  Staffordshire  —The  ore  was  seamed 

with  white  pulverulent  silicate  of  alumina,  and  grey  crystalline  carbonate  of  lime.  A 
minute  Irace  of  lead  was  detected  in  a  solution  of  740  grains  of  the  ore. 

34  Gubbin  and  Balls,  Bunker's  Hill  Colliery,  Staffordshire.— The  ore  contained 
veins  of  greyish  white  pulverulent  silicate  of  alumina  and  traces  of  galena.  No  metal 
preeipitahle  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  750  grains  of 
the  ore. 

S4a.  Balls,  Bilstox,  Staffordsliire,  supplied  by  Messrs.  Badger  and  C>.,  Old  Hill 
Furnace,  Dudley,  to  the  Arsenal  at  Woolwich  for  analysis.    Op.  cit.  p  96. 

35.  Gubbin  and  Balls  (Balls),  Rot  gh  Hay  Colliery,  Darlastox,  Staffordshire  — 
The  ore  was  trained  with  veins  of  gTeyi^h-white  silicate  of  alumina,  in  which  were 
minute  crystals  of  zinc-blende,  iron-pyrites,  and  copper-pyrites.  The  presence  of  copper 
was  distinctly  proved  in  a  solution  of  800  grains  of  the  ore. 

36.  Gubbin  and  Balls 'Gubbin),  RorGH  Hay  Colliery,  Darlastox,  Staffordshire.— 
The  ore  contained  white  pulverulent  silicate  of  alumina,  a  large  quantity  of  zi.je-blende, 
and  minute  crystals  of  iron-pyrites.  No  metal  preeipitahle  by  sulphuretted  hydrogen 
was  detected  in  a  solution  of  400  grains  of  the  ore. 

37.  Blue  Flats,  Boron  Hay  Colliery,  Darlastox,  Staffordshire. — The  ore  was 
imgularly  warned  with  veins  of  calc-spar,  with  greyish-white  and  redd ish -brown 
silicate  of  alumina,  containing  minute  crystals  of  iron-pyrites.  No  metal  procipitablo 
by  sulphuretted  hydrogen  was  detected  in  a  solution  ot  400  grains  of  the  ore.  The 
Bine  Flats  Ironstone  has  been  one  of  the  most  productive  in  South  Staffordshire.  It 
is  one  of  the  deepest  measures,  and  docs  not  extend  far  over  the  Staffordshire  coal-field. 
It  chiefly  occurs  in  the  district  of  Wolverhampton. 

38.  8ilver  Thread*,  Rorr.ii  Hay  Colliery,  Daulastox,  Staff mbltire.— The  ore  was 
irregularly  seamed  with  numerous  veins  of  calc-spar,  coaU  d  with  dndwoloured  ferru- 
ginous matter.  No  metal  preeipitahle  by  sulphuretted  hydrogen  was  detected  in  a 
solution  of  600  grains  of  the  ore. 

89.  Diamonds,  Roi  gh  Hay  Colliery,  Darlastox,  Staffordsliire.— The  ore  contained 
vein*  of  calc-spar  and  silicate  of  alumina,  in  which  galena,  zinc-blende,  eopj>cr-py rites, 
and  iron-pyrites  were  observed.  Traces  of  lead  and  copjier  were  detected  in  the  solu- 
tion of  800  grains  of  the  ore. 

40.  Diamonds,  Darlastox,  Staffordshire. — The  ore  whs  w  arned  with  a  white  powder 
and  carbonate  of  lime,  in  which  minute  crystals  of  zinc-blende  were  oliserved. 
So  metal  preeipitahle  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  740 
grains  of  the  ore. 

40«.  White  substance  occurring  in  Diamonds  'Nos.  39  and  40).   It  was  weighed  for 
analysis  after  drying  over  sulphuric  acid.    It  is  a  hydmted  silicate  of  alumina. 

41  Brown  Stone,  Bloxwich,  Staffordsliire. — The  ore  contained  veins  of  white 
pulverulent  and  grey  substances,  in  which  were  traces  of  galena  and  copper  pyrites. 
No  metal  preeipitahle  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  5o0 
grains  of  the  ore.  In  the  collection  of  British  Iron  Ores  exhibited  by  Mr.  S.  U.  Black- 
well  at  the  international  Exhibition  of  1851,  there  were  two  varieth*  of  iroustoiK 
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labelled  "  Dloxwich."  That  of  which  the  analysis  is  given  above  had  the  usual 
light-blown  colour  of  many  argillaceous  ores;  but  the  other  was  a  "Black-band 
ironstone  "  of  which  no  complete  analysis  has  been  made  in  my  laboratory.  It  con- 
tained 2a  ;J4°/0  of  iron,  and  not  less  than  30  17°/o  of  organic  matter.  It  exists 
only  in  the  northern  portion  of  the  South  Staffordshire  coal  field,  north  of  the  Bentley 
Fault.  Its  true  position  is  between  the  Heathen  Coal  and  white  ironstone.  There 
is  also  an  ironstone  termed  M  Brownstone,"  which  occasionally  occurs  near  Dudley, 
underneath  the  Gubbin  Rubble,  and  this  we  have  neither  analyzed  nor  examined 
chemically. 

42.  Red  Shag,  from  Shelton  Colliery,  Haxley,  and  ArEDALE,  Newcastle- 
tnder-Lyne,  Staffordshire.— The  sample  for  analysis  was  prepared  in  the  usual  manner 
with  specimens  from  each  of  the  above  localities.  This  ore  contains  sufficient  bitu- 
minous matter  to  constitute  it  a  true  black-band  ironstone.  No  metal  precipitable  by 
Hulphuretted  hydrogen  was  detected  in  a  solution  of  780  grains  of  the  ore. 

43.  Gutter  Mine,  Sheltox  Colliery,  Staffordshire.— The  ore  consisted  of  alternate 
layers  of  clay  ironstone,  coaly  mutter,  and  fossil  shells.  A  small  quantity  of  zinc-blende 
was  also  found  in  it.  The  sample  analyzed  wus  prepared  by  taking  a  section  of  the 
specimen  across  the  coui|>oncnt  layers.  Distinct  traces  of  lead  and  copper  were 
detected  in  a  solution  of  700  grains  of  the  ore. 

44.  Red  Mine,  ArEDALE,  Newcastle-uxder-Lyxe,  Staffordshire. — It  consist*  of 
thin  layers  of  various  shades  of  dark  brown,  and  may  be  properly  described  as  a 
black-l>and  ironstone.  Minute  crystals  of  galena  and  zinc-blende  were  very  sparingly- 
diffused  through  the  ore.  No  metal  precipitable  by  sulphuretted  hydrogen  was 
detected  in  a  solution  of  0.80  grains  of  the  ore.  This  ore  in  a  calcined  state  has  long 
been  largely  tent  into  South  Staffordshire. 

45.  Bassey  Mine,  from  Foley  and  Shelton  Collieries,  and  from  A  ted  ale, 
Newcastle-i xder-Lyxe,  Staffordshire—  The  sample  analyzed  was  pre]»ared  in  the 
usual  manner  with  s|)©cimens  from  each  of  the  above  localities.  In  the  specimen  from 
tho  last-named  locality  minute  crystals  of  zinc-blende  were  observed.  No  metal 
precipitable  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  1180  grains 
of  the  ore. 

46.  Cannel  Mine,  Atedale,  Newcastle-ixder-Lyxe,  Stafforilshire. — The  ore  was 
intersected  by  very  thin  veiun  of  carbonate  of  lime.  A  minute  trace  of  copper  was 
detected  in  a  solution  of  750  grains  of  the  ore. 

47.  Pennystono.  Sheltox  Coiliery,  Staffordshire.— It  contained  crystals  of  ziuc- 
blende.  No  metal  precipitable  by  sulphuretted  hydrogen  was  detected  in  a  solution 
of  70>5  gTainn  of  tho  ore. 

48.  Deep  Mine,  from  Foley  and  Shelton  Collieries,  and  from  Apedalk, 
Staffordshire. — The  sample  analyzed  was  prepared  in  the  usual  manner  with  apeei- 
mens  from  each  of  tho  above  localities.  The  ore  from  the  second  locality  contained 
minute  crystals  of  zine-blendc  and  copper-pyrites.  In  the  pieces  of  ore  from  the 
other  two  localities  were  cracks  containing  greyish-white  hydrated  silicate  of  alumina 
and  carbonate  of  lime.  Extremely  minute  traces  of  copper  ami  lead  were  deteebnl  in  a 
solution  of  1100  grains  of  the  ore. 

49.  Chalky  Mine,  from  Foley  and  Shelton  Collieries,  and  from  Apedalk, 
SUffordshire. — Tho  sample  analyzed  w;is  prepared  in  the  usual  manner  with  speci- 
mens from  each  of  the  above  localities.  In  the  first  variety  minute  crystals  of  zinc- 
blende  and  iron-pyrites  were  observed ;  the  second  contained  white  and  yellowish 
grey  thin  crystalline  veins,  chiefly  of  carbonate  of  lime;  and  in  the  third  were  erucks 
tilled  with  white  pulverulent  hydrated  silicate  of  alumina,  coloured  in  some  places  with 
sesquioxido  of  iron,  and  zinc-blende  was  also  present.  Extremely  minute  traces  of 
copper  and  lead  were  detected  in  a  solution  of  1093  grains  of  the  ore.  Specimens 
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from  the  same  bed  of  ironstone  in  different  localities  appeared  to  van-  sensibly ;  and 
insU-ad  of  analyzing  an  average  sample  of  these,  it  would,  probably,  have  been  better 
to  have  operated  upon  a  selected  specimen  from  one  locality.  The  selection,  however, 
of  the  particular  specimens  for  analysis  was  entrusted  to  Mr.  Kenyon  Bhickwcll, 
who  considered  that  the  results  obtained  from  an  analysis  of  an  average  sample 
of  the  same  bed  in  different  localities  would  be  most  useful  to  ironmasters. 

49a.  Chalky  Mine,  from  the  Goldexdale  I  bos- Works,  near  Stoke-ffon-Trent, 
Stafonlthire.— It  was  analyzed  at  the  Arsenal  ( Cost  iron  Experiments,  p.  86). 

49/*.  Ironstone  from  Bedworth,  Waricickehirc— This  ore  has  been  extensively 
smelted  in  South  Staffordshire,  and  is  considered  of  excellent  quality.  The  analysis 
was  made  by  myself  many  years  ago. 

50.  Black  Flats,  81irop»hire.—A  very  small  quantity  of  the  iron  existed  in  the  state 
of  sesquioxide.  No  metal  precipitable  by  sulphuretted  hydrogen  was  detected  in  a 
solution  of  820  grains  of  the  ore. 

5L  Blue  Flats,  DonrmoniH  Wood,  Shropshire. — The  sample  analysed  was  prepared 
from  two  specimens,  in  one  of  which  zinc-hlende  was  olwerved  and  iti  the  other  a  few 
very  thin  films  of  iron-pyrites.  Sulphide  of  zinc  and  a  distinct  trace  of  copj>er  wero 
found  in  the  ore. 

52.  White  Flats,  Donnincton  Wood,  Shrof»hire.—A  minute  trace  of  a  reddish 
metal  too  anall  to  identify,  though  probably  copper,  was  detected  in  a  solution  of  480 
grains  of  the  ore. 

53.  Penny  stone.  DoXNiij'GToN  Wood,  Shropshire. — The  specimen  openited  upon  was 
uodular,  and  presented  veins  of  contraction  tilled  with  sulphate  of  baryta,  rmrtly  in 
white  crystals  and  partly  in  a  pulverulent  stute.  Small  particle*  of  iron-pyrites  were 
sparingly  distributed  over  the  surface  of  the  crystals  of  sulphate*  of  baryta  and  in  the 
internal  cavities  of  the  ironstone.  These  crystals  were  unalyzed,  and  proved  to  have 
the-  following  composition  :— 

1.  2. 

Sulphate  of  baryta  i>8  -52    «J8 '  40 

Silica   0-8b- 

Alumina   0-20 

Sesquioxide  of  iron  trace. 

90  58 

The  white  powder  was  also  found  to  consist  mainly  of  sulphate  of  baryta ;  but  as 
it  was  difficult  to  free  it  from  small  particles  of  the  ironstone  matrix,  the  constituents 
"f  lis]  ore  made  their  appearance  in  the  course!  of  the  analysis  moro  prominently  than 
in  the  case  of  the  crystals. 

51  Pennystone,  Doxntngton  Wood,  Shrofufhire.—A  minute  trace  of  ■  white 
malleahle  metal,  too  small  in  quantity  to  identify,  was  detected  in  a  solution  of  300 
grans  of  the  ore. 

55.  Pennystone,  Madeley  Colkt,  Shrrqahire.—li  contained  thin  veins  filled  with 
*'<>te  pulverulent  silicate  of  alumina,  in  which  some  crystals  of  iron-pyrites  wero 
°k*rved.  A  very  small  quantity  of  the  iron  existed  in  the  state  of  sesquioxide. 
-Vo  metal  precipitable  by  sulphuretted  hydrogen  was  detected  in  a  solution  of  445 
.crains  of  the  ore. 

58.  Crawstone,  Madeley  Wood,  Shropshire. — The  ore  was  traversed  by  veins  of 
white  calcareous  sjior,  containing  a  small  quantity  of  carl>onnto  of  iron.  It  did  not 
contain  an  appreciable  amount  of  iron  in  the  shite  of  sesquioxide.  A  trace  of  lend  was 
present  in  the  state  of  galena. 

57.  Spotted  Vein  Mine,  Blaenavon,  Monmouthshire. — Minute  traces  of  copper  and 
lead  were  detected  in  the  solution  of  905  grains  of  the  ore. 
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68.  Three  Quarter  Balls,  Blaexavon,  M nn mouthsh ire.— Minute  traces  of  copper  and 
lead  were  detected  in  the  solution  of  870  grama  of  the  ore. 

58a.  It  was  analyzed  at  the  Arsenal  under  the  name  of  Ball  Mine  (Op.  cit  p.  148). 

59.  Black  Pin*,  Blaenavon,  Monmouthshire. — A  minute  trace  of  copper  was  detected 
in  the  solution  of  900  grains  of  the  ore. 

59a.  Black  Pin*,  from  the  Blaexavon  Ikon-Works  —  It  was  analyzed  at  the  Arsenal 
(Op.  cit.  p.  148,. 

59?».  Pwll  Llacca,  from  the  Blaexavon  Iron-Works. 

59r.  Bottom  Vein,  from  the  Blaex  avon  Iron- Works.— It  was  analyzed  at  the  Arsenal 
Op.  cit.  p.  148). 

59*/.  Grey  Vein,  from  the  Blaenavon  Iron- Works  f  Op.  cit.  p.  148). 

60.  8potted  Vein  Mine  (Ball*),  Pontyi,ooi,  Monmouthshire.— The  ore  was  seamed 
with  tolerably  thick  veins  of  brown  spar  (carbonate  of  protoxide  of  iron  and  lime).  A 
distinct  truce  of  copper  was  detected  in  a  solution  of  200  grains  of  the  ore. 

8L  Meadow  Vein  Mine,  PoNTYPOOL,  Monmouthshire. — Extremely  minute  traces  of 
copper  and  lead  were  detected  in  a  solution  of  740  grains  of  the  ore. 

62.  Three  Cakes,  Meadow  Vein  Mine,  POMTTTOOL,  Monmouthshire.— A  trace  of  copper 
was  detected  in  a  solution  of  000  grains  of  the  ore. 

• 

63.  Black  Pin  Mine  (Middle  Pin),  POMTTFOOL,  Monmouthshire.— A  distinct  trace  of 
copper  was  detected  in  a  solution  of  *J34  gmins  of  the  ore. 

64.  Black  Band,  PoxTYrooi,  Monmouthshire. — Traces  of  silver  and  copper  were 
found  in  a  solution  of  000  grains  of  the  ore.  Mr.  Dick  detected  the  silver  by  wet 
analysis,  without  having  the  least  suspicion  of  its  presence ;  but  I  am  informed  that 
this  fact  was  previously  known,  and  the  ore  is  stated  to  contain  about  £  oz.  of  silver  to 
the  ton. 

65.  Rosaer  Vein  Mine,  Dowlais,  Merthyr-Tydvil,  Glamorganshire— Thin  and  the 
following  analyses,  numbered  65,  00,  07,  08,  09,  were  made  by  Mr.  Edward  Riley  at  the 
Dowlais  Iron-Works. 

66.  Little  Blue  Vein,  Dowlais,  Merthyr-Tydvil,  Glamorganshire.— The  sample 
analysed  was  prepared  from  a  mixture  of  equal  weights  of  the  four  beds  composing  this 
vein.    Traces  of  copper  were  detected  in  a  solution  of  £00  grains  of  the  ore. 

67.  Lumpy  Vein,  Dowlais,  Merthyr-Tydvil,  GlamorganAin.— The  sample 
analyzed  was  prej>ared  from  a  mixture  of  equal  weights  of  the  thiee  beds  composing 
this  vein. 

68.  Gwr-Hyd  Mine,  Dowlais,  Merthyr-Tydvil,  Glamorganshire, 

69.  Black  Band,  Dowlais,  Merthyr-Tydvil,  Glamorganshire. 

70.  Sulphury  Mine,  Cwm  Avon,  Glamorganshire.— This  ore  is  in  high  repute.  It 
Occur*  in  three  courses,  averaging  nlsiut  7  inches  in  thiekness  together.  Tlie  sample 
analyzed  was  prepared  from  equal  w«  ights  of  the  three  kinds.  A  traco  of  copper  was 
detected  in  a  solution  of  800  groins  of  the  ore. 

71.  White  Pin*,  sometimes  called  Coedfalda  Mine,  Ystalyfera,  Glamorganshire. — 
This  men.surc  consists  of  two  courses,  balls  and  pins.  The  sample  analyzed  was  pre- 
pared with  equal  weights  of  each.  A  troce  of  lead  was  detected  in  a  solution  of  910 
grains  of  the  ore. 

72.  Cheese  Mine,  from  the  Ystalyfera  Iron-Works. — It  was  in  nodules,  dark  grey 
in  colour,  and  intersected  by  numerous  veins  of  calcareous  brown  spar,  in  which  a  few 
crystals  of  quart*  were  observed.    It  was  analyzed  at  the  Arsenal  (Op.  cit  p.  180). 

73.  Worthingtoa's  Black  Band,  Lancaich,  near  Qi  aker's  Yard,  Giamorgutisltirc— 
The  analysis  was  made  at  the  Dow  lais  Iron- Works  by  Mr.  E.  Riley. 
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74.  Black  Band,  Abercarn,  M<mmouth«hire.~Ita  colour  was  brownish-grey,  and  it 
contained  lamina  of  coal  and  films  of  iron-pyrites  in  somo  of  the  fissures.  It  was 
analyzed  by  Mr.  W.  Kateliffe  for  the  late  Mr.  E.  Rogers,  of  Abercarn. 

75.  Black  Band,  Gwendraeth  Valley,  near  Llanelly,  Glamorgau$hire. 

76.  Catshole  Ironstone,  Saundersfoot,  Pembrokedu're.— Crystals  of  oale-gpar  and 
iron-pyrites  were  observed  in  it  No  metal  precipitnblo  by  sulphuretted  hydrogen 
was  detected  in  a  solution  of  150  grains  of  the  ore.  It  was  analyzed  by  Mr.  W.  Bat- 
clifie,  for  the  late  Mr.  E.  Rogers,  of  At>ercarn. 

77.  Kilvelgy  Ironstone,  Saun-dbbsfoot,  Pembrvk&hire.— Iron-pyrites  woe  observed 
in  some  of  the  fissures.  No  metal  precipitable  by  sulphuretted  hydrogen  was  detected 
in  a  solution  of  150  grains  of  the  ore.  It  was  analyzed  by  Mr.  W.  Ratcliffe,  for  the  lato 
3Ir.  E.  Roger?,  of  Abercarn. 

Table  VII.— ARGILLACEOUS  IRON  ORES  FROM  THE  LIAS. 

1.  From  Cleveland,  y<jrk$hire.—  It  is  essentially  an  earthy  carbonate  of  protoxide  of 
iron,  of  a  green  L-h -grey  colour.  Throughout  the  ore  were  irregularly  diffused  small 
oolitic  concretions.  The  large  amount  of  silica  soluble  in  tho  hydrochloric  acid 
solution  is  remnrkable ;  and  a  considerable  pro{>ortion  of  this  seems  to  bo  in  combina- 
tion with  mixed  proto-  and  sesqui-  oxides  of  iron,  forming  wliat  is  usually  designated 
green  silicate  of  iron.  When  a  piece  of  the  ore  is  digested  in  hydrochloric  acid  till 
everything  soluble  is  removed,  a  residue  is  obtained  of  tho  original  form  of  the  piece  of 
ore.  It  is  extremely  light,  and  crumbles  to  j>owder  unless  very  carefully  handled  ;  by 
the  action  of  dilute  caustic  potash  upon  it,  the  siliceous  skeletons  of  the  oolitic 
concretions  which  it  contains  dissolve  completely,  and  insoluble  matter  is  left,  which, 
on  levigation  with  water,  yields  a  small  number  of  microscopic  crystalline  ]xirtieles ; 
some  of  these  arc  white  and  cont>ist  of  quartz,  while  others  are  black  and  aro  oonipusiMl 
chiefly  of  titanic  acid.  The  latter,  which  are  acutely  pyramidal,  have  been  examined 
ly  my  friend.  Professor  Miller,  of  Cambridge,  who  succeeded  in  measuring  some  of 
the  angles,  which  were  found  to  corres|>ond  to  similar  angles  in  anata$e.  No  metal 
precipitable  l»y  sulphuretted  hydrogen  was  detected  in  a  solution  of  about  1200 
grains  of  the  ore.  Of  the  1*04  of  insoluble  residue  0  08  dissolved  in  diluto  caustic 
potash. 

2.  From  South  Bank  Furnaces,  Middlesbro'-on-Tees,  J 'orkdure.— It  was  essentially 
the  same  kind  of  ore  as  the  preceding.  It  was  dull  green  in  colour,  and  contained  an 
abundance  of  small  oolitic  concretions,  a  few  belemnitcs,  and  other  fossil  remains 
Small  crystals  of  quartz,  zinc-blende,  and  what  appeared  to  bo  titnnito,  were  found  in 
the  ore  examined.  No  appreciable  amount  of  sulphur  was  detected,  nor  any  metal 
precipitable  by  sulphuretted  hydrogen. 

3.  From  the  Belmont  Mines,  Stockton  Iron-Works,  Cleveland,  )'<rrkehir*. — The 
ore  operated  on  was  more  dense  and  compact  than,  but  in  other  res|>eets  bimilar  to, 
No*.  2  and  3. 

4.  Sosedale  Ironstone,  from  Rosedale  Abrey,  I 'orhnhire.— It  is  blue-block  in 
colour.  It  is  magnetic  and  polar.  The  analysis  was  by  Mr.  John  Fattinson,  chemist 
to  the  Clarence  Iron- Works,  and  is  extracted  from  Mr.  Crowder's  paper  on  the  Rosedale, 
Whitby,  and  Cleveland  Ironstones  in  the  Edinburgh  New  Philosophical  Journal.  5. 
p  40,  1857. 

5.  Sosedale  Ironstone,  from  Roskdalk  Abbey,  Yorhslure. — It  is  similar  to  the  pro- 
ceding,  except  in  colour,  which  is  light  blue-grey ;  but  on  the  exterior  it  presents 
evidence  of  atmospheric  oxidation,  and  is  brown  in  colour;  (a)  is  of  tho  interior  and 
{b\  of  the  exterior.  The  analyses  are  by  Mr.  E.  C.  Northcott  <Op.  ante  cit  p.  42  . 
Of  two  specimens  of  Kosedale  iron  ore,  assayed  by  Mr.  Smith  in  my  laboratory,  tho 
blue-black  variety  contained  30*38%,  and  the  bluish  dark  grey  38 '45%  of  iron- 
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6,  a,  b,  r.  Main  Seam.  Estox  Nab.— The  seam  is  from  12  feet  to  17  feet  in  thick  ncss, 
and  it*  without  any  intercalated  bed  of  other  material.  The  analyses  are  by  Mr.  Crowder 
i  Op.  ante  cit.  p.  49) :  a  u  from  the  top  of  the  sunn,  /  from  the  bottom,  and  d  from  an 
intermediate  part,  nearer  the  bottom  than  the  top;  a  is  described  at  cinnamon  coloured 
and  made  up  of  oolitic  grains,  b  as  dark  blue-green  in  colour,  and  /  as  hard,  compact, 
olive-green,  and  without  fossils. 


7,  u,  b,  e.  Ironstone  from  HuTTON  Low  Gross. — The  analyses,  are  by  Mr.  Crowder 
(Op.  ante  cit.  p.  50  j.  The  analyses  selected  are  of  the  ore  from  three  parts  of  the  bed 
oorresj)oiiding  to  those  in  No.  G  :  a  is  described  as  grey,  hard,  compact,  heavy,  and  with 
very  few  oolitic  grains  ;  and  b,  c,  as  a  softer  stone,  uneven  in  fracture,  and  containing 
many  oolitic  grains. 

8,  (i,  b.  Upleatham  Ironstone.— The  analyses  are  by  Mr.  Crowder  (Op.  ante  cit.  p.  50) ; 
a  is  from  the  floor  of  the  bed,  and  b  from  an  intermediate  part ;  a  is  described  as 
dark-green  in  colour,  compact,  and  without  oolitic  grains  ;  and  b  as  composed  of  white 
gniinw  held  together  by  a  green  cement,  and  intersected  by  green  stone  without  oolitic 
grains.  The  proportion  of  phosphoric  acid  in  b  appears  very  small,  and  a  conhnnation 
of  this  statement  is  desirable.  Another  point  is  extremely  remarkable :  an  analysis  is 
given  of  the  roof  of  the  bed,  which  is  described  as  cinnamon  coloured,  friable,  and 
without  oolitic  gmins;  and  a  trace  only  of  sestpuioxidc  of  iron  is  put  down,  whereas 
it  might  naturally  have  been  expected  that  the  ore  in  this  jwirt  of  the  bod  would  ha\e 
contained  most  sesquioxide. 

9,  a,  b.  Normanby  Ironstone. — The  bed  at  the  Normnnby  mines  is  about  11  feet  in 
thickness.  The  analyses  are  by  Mr.  John  Pattinson,  of  the  Clarence;  Iron-works  :  a  is 
of  an  average  sample  of  the  upj>er  3  feet,  and  b  of  a  similar  sample  of  the  lower  8  feet 
(Op.  ante  cit.  p.  51, ;  a  is  described  as  sage-green,  compact,  uueven  in  fracture,  and 
containing  a  few  shells,  but  very  few  oolitic  grains  ;  and  b  us  light  bluish-green,  tilled 
with  oolitic  grains. 

10,  Avicula  Bed,  Gkosmont,  YorkMrt. 

11,  0,6,  c.  Dogger  Bed,  Guosmont,  Yorkshire. 

12,  Pecten  Bed,  Gkosmont,  Yorhthire. — This  and  the  samples  analyzed  from  No.  10, 
inclusive,  are  from  the  estate  of  Messrs.  Bagnall.  Phosphoric  acid  apj>ears  to  be 
present  in  much  smaller  proportion  in  all,  except  No.  12,  than  is  usual  in  the  Liassic 
ores  of  Yorkshire.  I  am  indebted  to  the  Messrs.  Bagnall  for  (he  following  section  of 
the  Grosmont  mines. 


No.  FL  In. 

1.  Surface'— Soil  and  Clay    12  0 

2.  Freestone  mek    25  0 

3.  Marl  and  Shale   24  0 

4.  Freestone   15  0 

5.  ;  Marl    8  2 

G.  Ond    0  10 

7.  Marl    8  0 

8.  Freestone    15  0 

0.  Oolitic  ironstone  (main  seam,  15  0 

10.  Aluminous  shale    185  0 

11.  Jet  rock   24  0 

12.  Sulphur  rock   42  0 

13.  Tojwtone  0  10 
Shale  1  4 
Thin-band    >  ( IYcten  seam  j 

stone       I  0  G 

Bottom  stoneJ  1  8 

14.  Shale   3  G 

15.  Dogger  ironstone   0  10 


No.  PL  In. 

Brought  forward    382  8 

1G.  Shale   4  0 

17.  Dogger  ironstone   0  8 

18.  Sulphur  rock,  with  dogger- 

stouo    12  0 

10.  Ironstone,  dogger   0  10 

20.  Sulphur  rock   24  0 

0  10 
0  G 


21.  Top  stone 
Blue  shale 

Three  separate  beds  of 
stone,  called  the  Thick 
lift 

Thin  lift,  and  \ 
Bottom  lift  J 

22.  Hlue  shale  

23.  Dogger  inmstone  ... 

24.  Sulphur  rock  

25.  Fire  clay    4 

2G.  Sulphur  rock  and  marl  shales  100 


> 
< 


1 

0 

o 
1 

0 
30 


0 
9 
7 
G 
9 
0 
0 
0 


Carried  forward 


882  8 


! 


Total. 


5«H  1 
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Methods  of  estimating  Iron  by  Dbt  Assay. 

In  the  dry  assay,  the  button  of  iron  produced  always  contains 
carbon,  and  frequently  also  silicon,  phosphorus,  sulphur,  and  man- 
ganese, according  to  the  nature  of  the  ore.  The  total  amount  of  these 
matters  may  range  from  8%  to  5%,  or  even  more.  The  percentage 
result  is  therefore  higher  than  that  obtained  by  wet  assay,  and  should 
approximate  more  nearly  to  that  of  smelting  on  the  large  scale.  The 
assays  are  made  either  in  brasqued  or  in  unlined  crucibles. 

1.  In  brasqued  or  charcoal-lined  crucibles  the  oxide  of  iron  in  the 
ore  is  reduced  by  this  lining  of  charcoal,  or  by  the  carbonic  oxide, 
which  must  necessarily  exist  in  the  interior  at  a  high  temperature. 
If  the  flux  is  correctly  adjusted,  the  iron  will  contain  the  maximum 
amount  of  carbon  and  the  slag  be  practically  free  from  iron. 

2.  In  unlined  crucibles,  a  sufficient  amount  of  carbon  must  be 
intermixed  with  the  ore.  The  slags  generally  retain  a  small  quantity 
of  iron ;  the  buttons  approximate  more  nearly  in  weight  to  that  indi- 
cated by  the  wet  assay. 

Furnace  and  Implements. 

Aw  Furnace.— One  of  the  furnaces  used  for  assaying  in  the  Metallur- 
gical Laboratory  has  been  previously  described.1  It  is  well  adapted 
for  assaying  iron  ores.  The  fuel  employed  is  anthracite,  broken  up 
into  lumps  varying  from  about  l£  to  3  in.  in  diameter,  and  the  fino 
dust  being  separated  by  sifting  or  screening.  The  furnace  should  be 
capable  of  producing  a  white  heat. 

Sefstrom's  Mast-furnace. — A  description  of  this  furnace  has  also  been 
previously  given.*  It  is  commonly  used  for  assaying  iron  ores  in 
Sweden,  where  it  was  first  adopted  for  that  purpose.  The  fuel  usually 
employed  in  Sweden  is  charcoal ;  but  hard  furnace  coke,  anthracite,  or 
a  mixture  of  both  broken  into  pieces  1  in.  diameter,  may  also  be  used. 
Four  small  iron  assay  crucibles  maybe  heated  at  a  time  in  this  furnace. 
Da  tiles  blast -furnace,  which  has  been  previously  described,*  is  also  well 
adapted  for  obtaining  high  temperatures,  and  the  ash  and  clinker  from 
the  fuel  are  more  easily  removed  from  it  than  from  Sefstrom's  furnace. 

CrucibU  and  Cnicille  Mould. — A  description  of  the  Swedish  iron-assay 
mould,  with  the  alterations  introduced  after  long  practice  in  the 
Metallurgical  Laboratory,  will  be  found  in  the  First  Part  of  the 
Metallurgy,  and  the  method  of  making  the  small  crucibles  and  lining 
them  with  charcoal.*  For  making  the  crucibles  wo  employ  a  mixture 
of  about  2  measures  of  unburnt  and  1  measure  of  burnt  fire-clay  of 
good  quality  ;  &  lbs.  avoirdupois  of  unburnt  clay  and  2  lbs.  of  burnt 


*  Metallurgy,  First  Tart,  p.  454,  fig.  No. 

19. 

*  Op.  ctt.  pp.  281,  232.  fig.  No.  74. 


»  Op.  fit.  p.  232,  fig*.  75  and  76. 
<  P.  228-231,  fig*  03.  04.  65,  00.  07, 
08,  0t). 
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clay,  or,  as  it  is  termed,  "grog,"  will  make  about  G£  dozen  crucibles 
and  2  dozen  covers.  The  waste  scraps  of  clay  are  used  for  making  the 
crucible  covers.  For  lining  the  crucibles  a  mixture  of  4  parts  by 
weight  of  charcoal  powder  and  1  part  by  weight  of  treacle  may  be 
used.  A  mixture  of  about  13  oz.  avoird.  of  charcoal  powder,  and 
'Si  oz.  of  treacle,  will  suffice  to  line  about  48  crucibles.  Tins  mixture, 
with  the  addition  of  a  little  water,  should  be  thoroughly  beaten  with 
a  pestle  and  mortar  until  it  is  free  from  lumps,  and  coheres  when 
pressed  between  the  lingers.  After  lining,  the  crucibles  should  be  dried, 
closed  by  placing  their  covers  with  the  flat  side  downwards,  and 
then  heated  to  redness  in  a  muffle  until  flame  ceases  to  appear  round 
the  mouth  of  the  crucible.  They  aro  taken  out,  and,  when  quite  cold, 
the  covers  removed.  The  lining  should  be  solid,  close  in  texture,  free 
from  cracks,  and  the  cavity  smooth  and  well  formed.  The  charcoal 
plugs  required  to  close  the  brasqued  cavities  may  be  fashioned  by 
means  of  a  coarse-toothed  saw,  and  file,  from  sticks  of  ordinary  charcoal, 
or  cut  out  of  old  linings  of  crucibles.  In  Sweden  the  crucibles  are 
lined  with  charcoal  powder  moistened  with  water,  and  the  lining  is 
afterwards  dried.  The  smallest  size  (No.  1 )  French  clay  crucibles  may 
be  used  with  advantage,  if  the  assayer  is  not  provided  with  the  requi- 
site moulds  for  making  his  own  crucibles. 

Furnace  tongs. — Those  represented  in  Fig.  70'  may  be  used  in  adjust- 
ing the  crucibles  in  the  furnace,  and  those  shown  in  Fig.  72 *  for 
removing  the  support  or  stand  with  a  batch  of  crucibles  upon  it,  or 
largo  crucibles,  when  these  are  employed. 

Fluxes. 

Silica. — White  quartz,  or  rock  crystal,  plunged  while  red  hot  into 
water  and  afterwards  pulverized,  is  preferred  on  account  of  its 
polity;  but  white  sand,  such  as  is  used  in  glass-making,  potter's 
ground  flints,  or  pounded  sandstone  may  bo  substituted.  It  is  only 
required  in  assaying  ores  deficient  in  silica. 

Glass. — Plate,  crown,  or  window  glass,  heated  to  redness  and 
quenched  in  wafer  and  afterwards  pulverized,  is  the  material  used  ;  it 
contains  from  G0%  to  70%  of  silica,  and,  being  fusible,  it  forms  a 
very  good  substitute  for  silica  or  silicates  of  alumina.  A  variety  of 
plate-glass  used  in  the  Assay  Laboratory  contains  60*09  %  of  silica, 
the  remainder  consisting  of  lime,  potash,  etc.  Green  bottle  glass  con- 
tains oxide  of  iron,  and  flint  glass  protoxide  of  lead,  and  on  that 
account  are  objectionable. 

China-clay. — It  is  a  hydrated  silicate  of  alumina,  and  forms  a  very 
pure  and  useful  flux,  as  it  is  practically  free  from  oxide  of  iron.  A 
sample  from  Cornwall  used  in  the  Assay  Laboratory  contained  of  silica. 
40-23%;  alumina  (by  difference),  41-13%;  and  water,  12  64%, 
The  clay  is  somotimes  used  in  a  hydrated,  and  at  other  times  in  a 
dehydrated  state.    In  the  latter  case  it  should  bo  pulverized  and  then 


4  Metallurgy,  First  Part,  p.  231. 
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heated  to  redness ;  for,  otherwise,  it  would  be  obtained  in  hard 
lumps.  100  parts  of  the  ignited  clay  contain  of  silica  53 %»  and  alu- 
mina 47  %• 1 

Shak. — It  is  silicate  of  alumina,  and  is  sometimes  used  on  a  large 
scale  as  a  flux  in  the  blast  furnace,  and  is  often  employed  in  iron 
assays.  It  forms  a  very  good  flux  in  admixture  with  lime;  but  it 
usually  contains  from  2%  to  5%  °f  oxide  of  iron,  which  is  objection- 
able. It  should  be  free  from  iron  pyrites.  The  following  is  an  ana- 
lysis of  a  shale  by  Mr.  E.  Riley  : — 


Silica    59  23 

Alumina   22  01 

Peroxide  of  iron  (?)    5*88 

Lime  and  magnesia    2  00 

Potush   2  40 

Water    900 

9997 


fire-clay/. — It  is  a  hydrated  silicate  of  alumina.7    It  is  a  good  flux 


when  mixed  with  lime,  and  may  be  used  in  place  of  shale.  It  may 
contain  from  1  %  to  7%  °^  oxi^e  of  iron,  and  this  is  objectionable. 

Blast  furnace  cinder. — It  consists  essentially  of  silicate  of  alumina  and 
lime.  The  white,  grey,  and  nearly  colourless  glassy  varieties  should 
be  selected :  when  reduced  to  powder  it  forms  a  useful  flux  for  ores 
free  from  much  gangue,  or  for  such  as  contain  silica. 

Borax-glass. — It  is  too  fusible  for  iron  assays,  as  it  combines  with  the 
oxide  of  iron  at  a  low  temperaturo  before  reduction  occurs;  but  is 
nevertheless  sometimes  used  ;  when  employed  as  a  substitute  for  glass, 
shale,  etc.,  the  proportions  of  lime  should  bo  increased  to  diminish  the 
fusibility  of  the  mixture. 

Lm\e. — Common  powdered,  unslaked  lime  should  be  used  ;  but  lime- 
stone, chalk,  or  any  varieties  of  carbonate  of  lime  form  good  substitutes. 
Carbonate  of  lime  contains  of  lime  56%,  ana*  carbonic  acid  44%: 
100  parts  of  lime  are  equivalent  to  178$  parts  of  carbonate  of  lime. 
Care  should  be  taken  to  ascertain  that  the  lime  flux  is  practically  free 
from  sulphates. 

Fluor  Spar  or  fluoride  of  Calcium. — White  varieties  should  bo  se- 
lected for  use.  The  presence  of  quartz  is  not  objectionable.  It  should, 
however,  be  free  from  metalliferous  minerals.  It  melts  at  a  high  tem- 
perature, is  a  very  useful  flux,  and  forms  fusible  compounds  with 
silica  and  silicates.  It  may  be  used  either  instead  of  lime  or  in 
admixture  with  it,  and  it  may  replace  clay  as  a  flux.  It  contains  of 
calcium  51-28%,  ai»d  fluorine  48-72%  •*  parts  of  fluor  spar  are 
equivalent  to  72  parts  of  lime. 

Sampling. 

Several  pounds  weight  of  lumps  should  be  selected  from  the  heap 
or  bed  of  iron  ore,  so  as  to  obtain  a  fair  average  sample.  This 

*  For  analyses  of  china  clav,  see  Table  in  I  7  For  various  analyses,  see  Table  in 
Metallurgy,  First  Part,  p.  215,  Nos.  28,29.  |  Metallurgy,  First  Part,  pp.  214,  215. 
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should  be  reduced  in  size,  well  mixed,  spread  out  on  a  flat  surface,  and 
about  f  in  bulk  taken  out  and  reduced  to  coarse  powder,  and  the  pro- 
cess repeated  until  the  last  portion  representing  the  sample  will  pass 
through  a  sieve  of  from  40  to  00,  and  in  some  cases  80,  holes  to  the 
linear  inch.  The  ore  may  be  broken  down  on  an  iron  slab,  and 
powdered  in  a  Wedgwood  mortar:  iron  mortal's  should  be  avoided. 
Some  masses  of  ore,  as  clay  iron  ore,  are  often  pretty  uniform  in  struc- 
ture and  composition.  With  such  ores  a  piece  broken  oft'  so  as  to 
represent  a  section  of  the  whole,  and  afterwards  reduced  to  powder, 
may  be  regarded  as  a  fair  sample.  The  ore,  if  necessary,  may  be  dried 
at  about  110°C.  Some  varieties  of  earthy  brown  iron  ore  contain  a 
considerable  quantity  of  hygroscopic,  as  well  as  combined  water. 

Assay  Classification  and  Proportion  op  Fluxes. 

The  flux  varies  according  to  the  nature  of  the  gangue,  and  the  quan- 
tity according  to  the  amount  of  gangue,  sizo  of  crucible,  and  weight  of 
ore  taken.  The  object  is  so  to  adjust  the  flux  as  to  obtain  a  well-fused, 
clean  slag  in  sufficient  proportion  completely  to  cover  the  reduced 
button  of  metal.  Blast-furnace  cinder  of  the  following  formula  may  be 
taken  as  a  type  of  the  kind  of  slag  desirable  :— 

A120\  SiO*  +  2(3CaO,  SiO3). 

Its  approximate  composition  per  cent,  is  as  under  : — 

Silica   38 

Alumina   15 

Ume    47 


2|  parts, 
or  about  M 


3 


• » 


The  following  mixtures  of  various  fluxes,  when  fused,  produce  a  slag 
which  may  be  regarded  as  approximating  to  tho  above  composition  :  — 

Quartz   1   )  -M 

China  clav  2--»Si,ica 

Ulinac ,uy l~  (Alumina...    0-82    0  82 

Lime    2 J    2  5 

Glow  2*lSilica W5I     F  % 

1  lftM  lh  \  Materials  =  to  alumina*...    075  =  15  ., 

Lime    2§    2-5  )    (50  „ 

•  3i»7.  say  of  alkalies,  lime,  etc.,  on  account  of  lU  fualMUt}',  are  taken  as  equivalent  to  so  mnch 

alumina. 

Shale  or  fire  clav    3  |*Jicft \'f\     1*5  - 

■  (Alumina   01»  =Jl7  „ 

Lime    2\    2  5)    (48  „ 

If  the  composition  of  the  ore  is  known,  it  is  easy  to  ascertain  the 
amount  of  fluxes  necessary  to  form  a  slag  with  the  bases  or  silica  pre- 
sent; and  when  necessary  an  extra  quantity  of  the  flux  should  be 
added,  in  order  to  produce  a  sufficient  volume  of  slag  to  cover  the 
button. 

Example. — Cleveland  ore,  chiefly  carbonate  of  protoxide  of  iron  : — 

10  grs.  Aild  pro-  Add  to  p, 

of  ore  portion  increase  ,.Jl: 

contain.  wanted.  bulk.  tak'n- 

Silica    0  80  ...  Sand  ...  1  gr.  +   }  gr   1}  gr. 

Alumina    0-79    0  „    +  China  elav  1    ,  1  ,. 

^K^.^!":!.!!^}1-80  -U'""  -  h..  +  1}  2ft 
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In  practice,  analysis  is  not  resorted  to  to  find  what  amount  of  Hilicsi 
and  bases  are  present,  as  it  would  occupy  too  much  time,  and  is  more- 
over wholly  unnecessary.  After  due  experience  little  difficulty  will 
be  found  in  properly  adjusting  the  fluxes.  In  case  of  doubt,  a  prelimi- 
nary trial  made  on  tbe  ore  with  fluxes  in  the  following  proportion  will 
generally  suffice  to  supply  the  necessary  information  : — 

Parts  by  weight.  Parts  by  weight.  I\irU  by  weight. 

Glass    4   ,  1 

Lime   1£   2J   4 

The  three  trials  may  be  made  at  one  time.  Mixtures  of  clay  and 
lime  may  be  substituted  for  the  above. 

The  following  assay  classification  of  ores  and  metallurgical  product*, 
and  the  proportions  of  fluxes  which  have  answered  in  practice,  may  be 
found  useful.    The  proportions  given  are  for  10  grains  of  ore  : — 

1.  Ores  free,  or  nearly  so,  from  gangue,  some  varieties  of  magnetic 
iron-ore  or  magnetite,  red  and  brown  hasmatite,  specular  iron-ore,  mi- 
caceous iron-ore : — 

Glass   2J  to  2       Sand   1  to  0 

Lime  ••••••••••••••••••     2M«3         China  clay    2 

Lime   2  J 


Blast  furnace  cinder  5 


Fluor  Spar    5 

2.  Ores,  etc.,  containing  silica,  varieties  of  brown  iron-ore,  refinery, 
tap,  and  flue  cinders : — 

Glass.   1        China  clay   2 

Lime   4        Lime   4 

3.  Ores,  etc.,  containing  carbonates  of  lime,  magnesia,  protoxide  of 
manganese,  etc.,  calcareous  haematite,  spathic  iron-ore  : — 

Glass   4  to  3      Sand    1 

Lime   lJto2      Chins  clay    2 

Lime   1J 

4.  Ores  containing  silica  and  alumina,  clay  iron-ore,  etc. : — 

Glass   2£  to  0      China  clay    0  to  2 

lime   2}  to  3      Lime   2  to  3 

If  10  grs.  of  ore  are  taken  for  each  assay,  the  balance  should  turn 
with  the  xyth  of  a  grain.  If  the  assay  be  made  on  100  grains  of  ore,  a 
balance  which  turns  with  from  to  -,»ffth  of  a  grain  will  answer. 
The  fluxes  should  be- added  in  the  same  relative  proportions  as  before 
fctated,  and  amounting  to  about  \  the  weight  of  the  ore  used. 

Practical  Directions  fob  Conducting  the  Process. 

Assay  in  an  air-furnace  by  the  Swedish  method. — 10  grs.  of  the  powdered 
iron-ore  are  intimately  mixed  with  glass,  lime,  or  other  fluxes.  The 
mixture  is  made  on  a  piece  of  glazed  paper  by  means  of  a  spatula,  or 
in  a  small  agate  mortar.  It  is  carefully  introduced  into  the  charcoal 
cavity,  shaken  down,  and  the  cavity  is  then  closed  with  a  plug  of  char- 
coal or  of  old  brasque.  The  top  of  the  crucible  is  luted  over  with  clay. 
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Covers  may  be  used,  but  they  are  commonly  dispensed  with.  Three 
or  four  crucibles  are  usually  put  into  the  furnace  at  one  time,  on  a 
piece  of  fire-brick  to  servo  as  a  stand.  This  is  adjusted  firmly  on  the 
bars,  tho  firo  lighted,  and  fuel  is  put  round,  but  not  above,  this  stand. 
The  crucibles  are  placed  on  the  stand,  the  furnace  filled  with  fuel, 
and  the  top  closed.  When  the  fire  has  fairly  started,  which  occupies 
about  10  minutes,  tho  temperature  is  checked  somewhat  by  slightly 
opening  the  top  for  another  10  minutes,  to  allow  the  water  and  car- 
bonic acid  gas  to  escape  slowly  from  tho  ore.  Tho  furnace  is  again 
closed,  and  the  temperature  increased  to  a  white  heat.  In  from  30  to 
40  minutes  afterwards  tho  fire  will  have  burnt  down.  The  top  is  then 
opened,  and,  when  the  temperature  is  sufficiently  reduced,  the  cruci- 
bles are  removed  by  lifting  out  tho  stand  on  which  they  rest.  They 
are  detached,  and,  when  cold,  broken  open ;  and  the  globule  of  slag 
and  adherent  button  of  metal  removed  from  the  charcoal  cavity.  The 
button  of  iron  is  cautiously  detached  from  tho  slag  and  weighed :  any 
other  globules  of  iron  which  may  be  present  are  separated  by  crushing 
the  slag  in  a  steel  niortar,  or  wrapping  it  up  in  paper  and  striking  it 
with  a  hammer.    The  maguet  is  used  if  necessary. 

The  slag  is  colourless,  transparent,  and  glassy,  or  white,  light-grey, 
or  bluish-grey,  opaque  and  semi-vitreous,  porcelain  or  enamel  like. 

Tho  button  is  dark-grey  and  crystalline,  or  mottled,  well  formed,  and 
separates  clean  from  tho  slag. 

If  tho  mixture  is  either  pulverulent,  fritted,  or  vesicular,  and  the 
iron  diffused  in  minuto  particles  or  small  globules,  the  temperature  has 
been  too  low,  or  the  flux  wrongly  proportioned.  If  tho  slag  is  dull, 
opaque,  or  imperfectly  fused,  and  the  button  or  large  globules  are 
smooth  on  the  exterior,  somewhat  malleable,  and  difficult  to  clean  from 
tho  slag,  it  generally  arises  from  excess  of  lime  or  magnesia,  or  from 
an  insufficient  amount  of  alumina.  If  tho  slag  is  semi-fused,  dark  in 
colour,  and  tho  iron  in  thin  lamina),  or  the  slag  resinous,  green  or 
greenish-grey,  and  the  button  or  large  globules  smooth  externally, 
and  non-graphitic,  it  arises  from  excess  of  silica. 

The  buttons  of  iron  obtained  from  various  assays  of  the  same  ore 
will  not  vary  more  than  a  few  tenths  of  a  grain  per  cent.  The  follow- 
ing are  some  results  obtained  by  this  method,  and  calculated  for  100 
parts  of  ore. 


Clay  Iron  Ore   

Giloamtms  Hjrnmtito .... 

S|)utliic  Iron  Ore   

Hii'iimtite  


1ST  b ATTIC. 

82  2,82 -8ls2  2 32.8 
35*6  35 '8H5 '5.35*7 
39*8  39 '7,39 '9|  - 
71-271-971-071'R 


2nd  Batch. 

82-532  1!32-431-7 
85*  835 -685 '6:85*1 
39 -3  39 -2  39 -3  39-0 
71  -3  71  '6  71  K 


3kd  Batol 


32-3S2-232-2  - 
35*535'8l35'*35-.r> 
39*3 39* 9  39-1  3l»  8 
7r071'871*0  71  "2 


A  hitch  of  3  or  4  assays  of  one  variety  of  ore  were  in  the  furnace  at 
the  same  time,  and  tho  results  were  obtained  by  different  persons. 

Peculiarities  which  have  been  observed  in  the  presence  of  various 
substances  aro  as  follows  :— 
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Phosphorus. — The  button  obtained  from  tap  or  flue  cinder,  and  some 
varieties  of  bog  iron-ore,  is  generally  white,  hard,  and  brittle. 

Sulphur. — The  button  is  white  or  light-grey,  or  reticulated  in  struc- 
ture. It  may  arise  from  ore  containing  pyrites,  or  sulphate  of  lime  or 
baryta. 

Manganese. — The  button  is  smooth  externally,  and  non-graphitic, 
hard,  breaking  under  the  hammer,  and  presenting  a  white,  crystalline, 
or  close-grained  fracture.  The  slag  is  glassy,  transparent,  amethystine 
or  amber  coloured,  or  glassy,  opaque,  and  yellowish  green  or  brown. 
These  results  are  often  obtained  in  assaying  spathic  ores,  and  some 
varieties  of  earthy  brown  iron-ore. 

Titanium. — The  button  is  smooth  on  the  exterior,  breaks  under  the 
hammer  with  a  dark-grey,  dull,  or  crystalline  fracture.  It  adheres 
firmly  to  the  slag,  which  is  often  resinous,  black,  and  scoriaccous,  or 
curiously  wrinkled  on  the  exterior.  Externally  the  slag,  and  some- 
times the  button,  is  coated  with  a  characteristic  copper-coloured 
metallic  film  of  cyanonitrido  of  titanium.  Sometimes  tho  slag  is 
vitreous,  and  has  a  blue  tint. 

Chromium. — The  product  varies  from  a  smooth,  well-fused  button, 
with  a  tin-white,  bright  crystalline  fracture,  to  a  semi-fused  white, 
or  light-grey  spongy  mass,  according  to  tho  amount  of  chromium  in 
the  iron.  Many  of  the  alloys  of  iron  and  chromium  easily  scratch  glass. 
The  slag  is  resinous  and  dark  coloured,  and  is  sometimes  surrounded 
with  a  thin  metallic  layer. 

Assay  in  unlined  crucible. — In  England  this  plan  is  often  followed,  the 
quantity  of  ore  operated  on  varying  from  100  to  1000  grains.  Tho 
assay  may  be  made  on  the  ore  before  or  after  calcination.  Tho  fluxes 
employed  are  chiefly  mixtures  of  shale  and  lime,  or  glass  and  lime,  the 
quantities  and  proportions  varying  as  l>eforo  stated.  Hie  ore  is  mixed 
with  charcoal-powder,  coko-dust,  or  anthracite-powder.  The  amount 
added  is  adjusted  according  to  the  oxido  of  iron  present,  and  it  should 
be  in  slight  excess.  100  parts  by  weight  of  sesquioxide  of  iron  requires 
22J  parts  of  carbon  for  reduction.  The  crucibles  used  may  be  black- 
lead,  French,  Cornish,  or  other  good  clay  crucibles.  Good  black-lead 
crucibles  resist  the  highest  temperature,  and  may  bo  used  more  than 
once.  The  slag  is  generally  comparatively  free  from  iron,  and  the  iron 
dark-grejr  or  graphitic.  Tho  fine  particles  of  graphite  entangle 
globules  of  iron  on  the  exterior  surface  of  the  slag.  French  clay  cru- 
cibles answer  well.  Cornish  crucibles  also  answer  very  well,  but  they 
soften  at  the  high  temperature  used  for  iron  assay— a  defect,  which  is 
obviated  by  allowing  the  crucible  to  cool  somewhat  before  removing 
it  from  the  fire.  The  crucible-covers  aro  luted  down,  the  crucible 
introduced  into  the  furnace,  tho  fire  made  up  with  coke  or  anthracite, 
and  the  temperature  gradually  raised  to  a  white  heat.  Tho  time 
required  to  complete  an  assay  is  about  an  hour.  Tho  slag  should  bo 
glassy,  transparent,  and  of  a  feeble  green  or  grey  colour  by  transmitted 
light ;  and  the  button  well  melted.  Any  shots  of  metal  imbedded  in 
the  slag  may  be  separated  by  breaking  it  up,  and  afterwards  applying 
the  magnet. 

r  2 
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The  two  following  assays  of  Ulverstone  haematite  were  made  in 
Cornish  cruciblos. 

L  n. 

Grains.  Grains. 

Oro    500  Ore    500 

Shalo    250  Glass   200 

Lime   300  Lime   300 

Anthracite  powder    120  Anthracite  powdor   120 


Weight  of  iron  obtained    348  Weight  of  iron  obtained  345 


Iron    69J0/0  09  % 

The  fracture  of  the  iron  was  light  grey. 

Sometimes  the  dry  assaying  processes  are  resorted  to  with  a  view  to 
obtain  indications  concerning  the  nature  and  amount  of  flux  which 
may  be  necessary  in  the  blast-furnace.  This  is  specially  the  case  in 
Sweden.  The  crucibles  in  this  case  should  be  lined  with  charcoal, 
plumbago,  or  other  carbonaceous  matter,  so  that  the  materials  of  the 
crucible  shall  not  come  in  contact  with  and  so  influence  the  fusibility 
of  the  ore.  The  flux  used  should  also  be  of  the  same  nature  as  those 
employed  on  the  large  scale. 

Methods  op  estimating  Iron  by  Wet  Assay. 

The  only  two  processes  of  any  practical  use  for  the  estimation  of 
iron,  by  means  of  standard  solutions,  are  those  by  bichromate  of  potash 
and  permanganate  of  potash.  For  extreme  accuracy,  rapidity  of  execu- 
tion, and  directness  of  application,  they  leave  little  to  be  desired.  In 
both  methods  the  following  conditions  must  be  complied  with  :- 

1.  The  solution  of  the  iron  in  hydrochloric  or  dilute  sulphuric 
acids. 

2.  The  reduction  of  the  solution  of  iron  to  proto-salt. 

3.  The  conversion  of  the  proto-salt  of  iron  into  a  perealt  by  a 
standard  solution. 

The  reduction  of  the  sesqui chloride  or  sesquisulphate  of  iron  in 
solution  to  protochloride  or  protosulphate  of  iron  may  be  best  effected 
by  metallic  zinc  or  sulphite  of  soda. 

Zinc. — The  zinc  used  should  be  practically  free  from  iron.  Com- 
mercial varieties  generally  contain  iron,  and  sometimes  to  a  consider- 
able amount ;  and  we  have  frequently  found  that  this  is  the  case  with 
zinc  sold  in  the  granulated  form.  If  the  zinc  be  selected  in  ingot,  as 
sent  into  the  market  from  the  smelting- works,  it  will  generally  be 
found  to  be  comparatively  free  from  iron.  That  which  we  have  been 
accustomed  to  employ  contains  about  0-10%  of  iron.  For  use  it  should 
be  melted  at  a  low  red  heat,  and  poured  from  a  height  of  a  few  feet 
into  hot  water,  when  it  is  obtained  in  the  form  of  what  copper-smelters 
term  11  bean  shot."  If  poured  into  cold  water,  it  is  obtained  in  the 
form  of  41  feathered  shot,"  which  is  too  easily  broken  up  by  the  action 
of  the  acid  during  the  assay.  Strips  of  sheet  zinc  may  also  be  used. 
If  zinc  cannot  be  obtained  of  sufficient  purity,  the  amount  of  iron  pre- 
sent must  be  estimated,  a  known  weight  of  the  zinc  used  in  each  assay, 
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and  deduction  made  for  the  amount  of  iron  contained  in  it.  Zinc  may 
be  freed  from  iron  by  d filiation  in  an  earthen  retort  The  lead 
generally  present  in  zinc  and  left  as  a  black  residue  by  the  action  of 
dilute  hydrochloric  acid  does  not  interfere.  The  necessary  directions 
to  reduce  a  solution  of  a  persalt  of  iron  by  means  of  zinc  will  be  after- 
wards stated. 

Sulphite  of  soda. — It  may  be  added  in  the  form  of  crystals,  or  a  solution 
may  be  made  and  kept  ready  for  use.  It  gradually  absorbs  oxygen  by 
exposure  to  the  air,  and  is  no  longer  fit  for  use.  Redaction  of  a  per- 
salt of  iron  by  means  of  sulphite  of  soda  is  effected  as  follows : — A 
weighed  amount  of  ore  is  to  be  boiled  in  acid,  and  then  diluted  in 
a  pint  flask  having  a  funnel  inserted  in  the  neck  with  about  h  to  i  of 
a  pint  of  cold  water,  after  which  the  sulphite  of  soda  is  added,  and  the 
solution  digested  at  a  gentle  heat  until  it  is  nearly  decolourized.  The 
solution  is  then  boiled  and  kept  in  ebullition  until  it  becomes  colour- 
less, or  of  a  pale  green  tint,  and  the  odour  of  sulphurous  acid  gas 
cannot  be  detected.  The  presence  of  too  much  acid  should  be  avoided. 
If  any  doubt  remains  about  the  complete  expulsion  of  the  sulphurous 
acid,  a  small  piece  of  zinc  may  be  added,  when  the  odour  of  sulphu- 
retted hydrogen  will  be  evolved,  if  any  trace  of  sulphite  remains. 
Sulphite  of  ammonia  may  also  be  used. 

The  strength  of  the  solutions  of  the  bichromate  or  permanganate  of 
potash  may  be  found  by  means  of  iron  wire,  sulphate  of  iron,  or 
sulphate  of  iron  and  ammonia. 

Iron  mrt. — Pianoforte  icire  is  the  best  for  this  purpose,  as  it  is  one  of 
the  purest  forms  of  manufactured  iron.  It  contains  on  tho  average 
about  99-5  %  of  metallic  iron,  the  remainder  consisting  of  small  quan- 
tities of  carbon,  silicon,  etc. ;  for  practical  purposes  it  may  be  regarded 
as  pure  iron.  If  used  for  standardizing  solutions  employed  for  esti- 
mating iron  in  pig-iron,  steel,  etc.,  or  where  great  accuracy  is  Deeded, 
the  impurities  (0*5%)  mU8t  be  allowed  for.  When  obtainable,  electro- 
type iron  is  preferable,  as  it  is  generally  free  from  foreign  bodies,  and 
may  be  regarded  as  pure  iron.  Iron  wire,  which  we  have  been  accus- 
tomed to  use  for  several  years  past  and  tested  occasionally  by  means  of 
solutions  of  bichromate  or  permanganate  of  potash,  standardized  with 
electro-deposited  iron,  contained  00*684% — 99*420%— 99*706%— 
99*5027^        99-537  %  of  metallic  iron. 

Sulphate  of  iron.— The  common  crystallized  variety  is  liablo  to 
become  peroxidized  on  the  surface  by  keeping.  When  carefully  pre- 
pared by  the  process  described,  p.  45,  it  may  bo  kept  in  a  stoppered 
bottle  for  years  without  any  sensible  alteration,  and  is  a  very  useful 
«alt  for  accurate  standardizing.  It  has  the  formula  Fe(),SOa-4-7lIO, 
and  contains  20*1 4%  of  metallic  iron.  A  quantity  prepared  by  this 
process  by  Mr.  C.  Tookey,  and  tho  iron  estimated  by  means  of  bichro- 
mate of  potash  standardized  by  puro  electro-deposited  iron,  contained 
20-14  %  and  20-1 3  %  of  iron,  corresponding  to  the  theoretical  amount. 
Standardized  by  iron-wire  (without  any  correction)  it  was  equivalent 
to  20*22  °/0  of  iron,  and  indicates  an  error  of  excess  of  0*08  %• 

Sulfate  of  iron  and  ammonia. — It  has  the  formula  NH40,SO,+FeOfSK>" 
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4-OHO,  and  when  pure  has  the  advantage  of  containing  precisely  |th 
of  its  weight  of  iron,  or  14*286  %.  Wo  have  found  it  somewhat 
difficult  to  expel  the  last  traces  o'f  hygroscopic  water,  even  by  drying 
in  vacuo,  without  slight  peroxidation.  A  specimen  after  desiccation 
in  vacuo  during  a  fortnight  became  slightly  discoloured,  had  a  brown- 
ish-yellow tinge,  and  contained  only  14*1 16%  of  iron  existing  as 
protoxide,  the  remainder  beiug  peroxidized.  It  should  be  prepared 
according  to  tho  method  described,  p.  45. 

ItlCHKOMATK  09  POTASH  METHOD. 

This  process  was  first  introduced  for  the  estimation  of  iron  in  iron 
ores  by  Dr.  Penny  of  Glasgow.  It  depends  upon  tho  fact,  that  when 
an  acid  solution  of  a  protosalt  of  iron  is  acted  on  by  a  solution  contain- 
ing chromic  acid,  it  is  converted  into  a  persalt  of  iron,  with  the  forma- 
tion of  a  sesqui-salt  of  chromium.  The  reaction  between  bichromate 
of  potash  and  an  acid  solution  of  protochloride  of  iron  may  bo  repre- 
sented by  tho  following  formula  : — 

CFeCl+7IICl+K0.2CrOJ  =  KCl+CrCP+7HO. 

By  ascertaining  tho  amount  of  bichromate  of  potash  solution  necessary 
to  convert  a  given  weight  of  iron  from  a  proto  to  a  per  salt,  it  is  easy 
by  a  comparative  experiment  to  estimate  tho  amount  of  iron  in  a  given 
weight  of  ore.  The  iron  solution  is  first  reduced  to  protosalt  by 
boiling  with  zinc  or  sulphite  of  soda.  Tho  completion  of  the  assay  is 
determined  by  means  of  a  test  solution  of  ferricyanido  of  potassium. 
Tho  reagents  required  are,  for 

Test-solution. — This  is  made  by  dissolving  from  2  to  3  grains  of  ferri- 
cyanido of  potassium  (red  prussiate  of  potash)  in  J  a  pint  of  distilled 
water.  This  solution  produces  a  bluo  or  bluish  green  colour  with 
protosalts  of  iron,  according  to  tho  quantity  of  iron  present,  but  not 
with  persalts  of  iron,  and  is  used  to  ascertain  the  exact  point  when 
the  solution  of  protochloride  of  iron  is  converted  into  sesquichloride. 
For  use  it  should  be  dotted  out  by  means  of  a  pipette,  in  small  drops 
of  about  ^  in.  diameter,  on  a  white  glazed  porcelain  slab.  Large  drops 
should  be  avoided,  as  tho  yellow  colour  somewhat  interferes  with  the 
easy  recognition  of  tho  last  tint  of  bluish  green  on  the  completion  of 
tho  assay.  If  tho  solution  of  ferricyanide  is  made  too  strong,  it  gives 
a  reddish  procipitate  with  tho  solution  on  testing  when  the  assay  is 
nearly  completed. 

Standard  solution. — 305  grains  of  crystallized  bichromate  of  potash, 
previously  freod  from  hygroscopic  water  and  pulverized,  are  to  be  dis- 
solved in  4  pints  (35,000  grs.)  of  distilled  water.  1000  grs.  of  this 
solution  should  be  equivalent  to  about  10  grs.  of  metallic  iron.  The 
crystals  quickly  dissolve  in  water,  and  the  solution  is  ready  for  im- 
mediate use.  It  should  bo  kept  in  a  well -stoppered  bottle,  and  shaken 
up  previous  to  use,  as  evaporation  occurs  and  water  condenses  on  tho 
interior  of  the  vacant  part  of  the  bottle  ;  with  this  precaution  the  solu- 
tion when  once  standardized  may  be  kept  for  12  months  or  more  with- 
out material  alteration.  Thus,  of  8  pints  of  solution  prepared  March, 
1858,  lOoo  grs.  =9*865  grs.  of  iron  ;  and  when  reduced  in  bulk  by  use 
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to  about  half  a  pint,  and  standardized  May,  1860, 1000  gra.  =  0-888  grs. 
of  iron.  The  solution  of  bichromato  of  potash  is  standardized  as  fol- 
lows:—Two  or  more  pieces  of  iron 'wire  previously  cleaned  bright, 
and  freed  from  every  trace  of  rust  by  means  of  sand  or  emery  paper, 
are  accurately  weighed.  The  pieces  may  vary  in  weight  from  3  to  1 0  grs., 
and  they  should  be  twisted  up  into  a  small  coil.  Each  piece  is  dis- 
solved in  dilute  hydrochloric  or  sulphuric  acid  in  a  small  conical 
flask  provided  with  a  small  funnel  or  pear-sliaped  glass  bulb  inserted 
in  the  neck  ;  the  acid  having  been  previously  heated  to  expel  air,  the 
coil  of  wire  dropped  into  the  hot  acid,  ebullition  kept  up,  and  the 
flask  removed  from  the  source  of  heat,  when  the  iron  is  completely 
dissolved.  With  these  precautions  the  solution  of  iron  may  be  easily 
obtained  free  from  the  least  trace  of  yellow  colour  due  to  the  presence 
of  a  sesqui-salt  of  iron.  The  solution  of  iron  is  diluted  with  water, 
transferred  to  a  porcelain  basin,  the  flask  repeatedly  rinsed  out,  and 
water  added  so  as  to  increase  the  volumo  to  about  1  pint.  The  gra- 
duated burette  is  filled  up  to  the  uppermost  division  with  the  solution 
of  bichromate  of  potash.  The  vessel  containing  the  acid  solution  of 
iron  is  placed  under  the  neck  of  the  burette,  and  the  solution  of  bichro- 
mate of  potash  is  allowed  to  run  in  slowly  imtil  the  iron  is  completely 
peroxidized,  and  a  drop  of  the  solution  ceases  to  give  the  least  trace  of 
bluish  gretn  colour  with  the  test  solution  of  ferricyanide  of  potassium. 
The  number  of  divisions  on  the  burette,  of  solution  of  bic  hromate  un<?d, 
is  then  read  off.  The  remaining  pieces  of  iron  are  proceeded  with  in 
exactly  the  same  manner,  and  from  the  data  obtained  in  each  ex  peri 
Tnent,  the  amount  of  iron  equivalent  to  1000  grs.  (or  200  divinions)  of 
the  solution  of  bichromate,  is  calculated,  and  the  mean  result  taken  as 
the  standard.  The  following  results  are  given  in  the  order  obtained. 
They  also  serve  to  show  the  accuracy  of  tho  process : — 

No.  of  divisions  Calculated  amount 

Weight  of  iron                                 or  solution  of  of  iron  :  200  dirl- 

wire  taken.                                    bichromate  of  storm  (low  Rra.) 

potash  required.  are  equal  to 

3  795  gre.    70-25    9  954  gre. 

5  025    101-00    9  050  .. 

6  080    122-25    9  047 

3158  ,   03-50    9-940  ,, 


Mean  result  or  standard    9  949  , , 

If  100  ere.  of  the  iron  wiro  contain  99  -5°/0  of  pure  irun,  the)  fl 
standard  would  be  equal  to  j 


• » 


Tho  same  solution  standardized  by  means  of  pure  sulphato  of  iron 
gave  results  as  follow  :— 

Weight  of  -     -  200  divisions 

»lpU  of  divisions.  -  * 

iron  taken.  irun. 

25  gre.  (  =  iron  5-036  gre.)    10150    9  923  gre. 

20  gre.  {- iron  4-0280  gre.)   81-25    9  917, , 


Mean  result  or  stundord    9  920 


If  the  sulphate  of  iron  or  sulphato  of  iron  and  ammonia  is  used  for 
ascertaining  the  strength  of  the  solution  of  bichromate,  15,  20,  or 
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25  grs.  of  tho  sulphate  of  iron,  or  25,  30,  or  40  grs.  of  the  sulphate  of 
iron  and  ammonia,  accurately  weighed,  are  to  be  dissolved  in  1  pint 
of  water  in  a  porcelain  basin,  the  solution  acidified  with  sulphuric 
acid,  and  the  process  conducted  as  beforo  described. 

The  standard  of  1000  grs.  of  solution  of  bichromate  equal  to  about 
lOgrs.  of  iron  wire  is  well  adapted  for  estimating  the  amount  of  iron 
in  iron  ores  or  metallurgical  products,  and  is  sufficiently  near  for 
practical  purposes.  For  exact  scientific  analysis  wo  employ  a  solution 
half  the  strength  of  tho  above,  viz.,  1000  grs.  of  solution  of  bichromate 
equivalent  to  about  5  grs.  of  iron,  and  calculated  to  tho  pure  iron 
standard.  The  amount  of  substance  operated  on  should  not  contain 
more  than  about  5  grs.  of  iron,  so  that  the  burette  will  not  require  to 
be  refilled  during  the  assay. 

p,-ocess. — From  10  to  20  grains  of  iron  ore  are  to  be  heated  with 
strong  hydrochloric  acid  for  about  20  to  30  minutes,  in  a  conical- 
shaped  flask  with  a  small  funnel  inserted  in  the  neck ;  when  decom- 
position is  completed,  the  solution  is  diluted  with  water,  a  few  pieces 
of  granulated  zinc  are  added,  and  ebullition  kept  up  until  every  trace 
of  yellow  colour  is  removed,  and  tho  solution  becomes  either  colour- 
less or  only  of  a  pale  green  tint,  and  free  from  Jine  particles  of  zinc. 
Tho  solution  is  then  transferred  to  a  whito  porcelain  dish,  the  flask 
well  rinsed  out,  and  the  rinsings  added  to  the  solution,  care  being 
taken  that  no  particle  of  zinc  is  carried  over  at  the  same  time.  The 
solution  is  diluted  to  about  1  pint  with  water,  tho  standard  liquor  is 
then  run  slowly  into  the  solution  from  a  graduated  burette,  with  occa- 
sional stirring,  until  a  drop,  taken  up  by  means  of  a  glass  rod,  ceases 
to  givo  the  slightest  trace  of  bluish  green  colour  when  mixed  with 
a  drop  of  tho  test  solution  of  ferricyanide  of  potassium  on  tho  porcelain 
slab. 

As  the  assay  proceeds,  tho  sesquichlorido  of  chromium  formed  im- 
parts a  dark  green  tint  to  the  solution,  and  the  colour  of  the  bichro- 
mate of  potash  disappears  with  less  and  less  rapidity  as  it  approaches 
completion.  If  the  solution  assumes  a  yellow  or  reddish  yellow  colour, 
this  arises  from  a  deficiency  of  hydrochloric  acid  and  consequent  non- 
reduction  of  tho  bichromate.  After  the  further  addition  of  acid  the 
assay  may  bo  completed,  provided  excess  of  tho  standard  solution  has 
not  inadvertently  been  added.  When  the  assay  is  correctly  finished  a 
small  quantity  of  tho  test  solution  poured  into  tho  basin  should  not 
produce  more  than  a  slight  cloudiness.  This  indication  will  serve  as 
a  check,  until  experience  is  gained.  When  tho  reduction  of  tho  sesqui- 
chlorido  of  iron  to  protochlorido  is  completed,  tho  zinc  residue  must  be 
allowed  to  settle  down  before  decantation,  or  dissolved  up  by  the  addi- 
tion of  fresh  acid  ;  but  this  prolongs  the  assay.  No  trace  of  zinc  must 
be  present  during  the  addition  of  the  bichromate.  Although  spathic, 
blackband,  and  varieties  of  clay  iron  ores  form  solutions  of  protocblo- 
ride  of  iron  by  the  direct  action  of  hydrochloric  acid,  the  addition  of  a 
little  zinc  is  necessary  to  reduce  the  small  quantity  of  sesquichloride 
of  iron  usually  present.  When  alkaline  sulphite  has  been  used,  care 
must  Ix;  taken  to  ensure  tho  expulsion  of  all  traces  of  sulphurous  acid. 
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If  a  doubt  exist  as  to  the  complete  reduction  of  the  solution  of  iron  to 
protosalt,  a  drop  may  be  laken  out  and  tested  with  solution  of  sulpho- 
cyanide  of  potassium,  when  a  blood  red  colour  will  indicate  the  pre- 
sence of  a  sesqui-salt  of  iron. 

With  blackband  ironstone,  and  some  varieties  of  clay  iron  ore, 
owing  to  the  presence  of  organic  matter,  it  is  somewbat  difficult  to 
know  when  the  decomposition  of  tbe  ore  by  tbe  acid  is  completed. 
If  the  ore  is  finely  divided,  from  20  to  30  minutes'  boiling  will  ensure 
the  iron  being  dissolved  out.  A  small  quantity  of  iron  in  the  form  of 
irun-pyrites,  or  otherwise,  is  retained  in  the  residue,  but  it  rarely 
amounts  to  more  than  0*5  °/0  on  the  ore,  and  generally  less,  and  for 
practical  purposes  it  may  be  disregarded.  If  it  is  thought  desirable  to 
estimate  it,  it  is  better  to  repeat  the  assay  on  the  ore  calcined  pre- 
viously, when  the  iron  present  as  pyrites  will  be  oxidized  and  ren- 
dered soluble  in  the  acid.  Occasionally  some  varieties  of  micaceous 
hematite  and  magnetic  iron  ore  are  met  with,  which  resist  the  pro- 
longed action  of  hydrochloric  acid,  even  when  very  finely  powdered.  If 
a  weighed  quantity  of  such  ore  be  previously  heated  for  about  10  or 
15  minutes  in  a  current  of  coal-gas  or  hydrogen  in  a  Hose's  reduction 
crucible,  the  reduced  iron  will  completely  and  rapidly  dissolve  in 
hydrochloric  acid.  Fusion  with  alkaline  carbonates  or  bisulphate  of 
potash  may  also  be  resorted  to  when  the  ore  resists  the  direct  action 
of  acid.  The  mass  after  fusion  is  digestod  with  the  acid,  and  the 
assay  conducted  as  usual. 

The  organic  matter  present  in  iron-ores  does  not  interfere  chemically 
with  the  action  of  the  bichromate  of  potash  process ;  but  when  present 
in  considerable  quantity,  as  in  black-band  ironstone,  it  sometimes  in- 
terferes meclianically  by  remaining  suspended,  and  impairs  the  tint  of 
colour  at  the  close  of  the  assay.  If  any  difficulty  is  experienced,  the 
organic  matter  may  be  removed  by  filtration  before  final  dilution. 
During  filtration  a  piece  of  zinc  should  be  placed  in  the  filter,  the 
funnel  covered  with  a  glass  plate,  and  the  washing  effected  rapidly 
with  hot  water.  The  ore  may  also  be  freed  from  organic  matter  by 
previous  calcination  in  a  crucible,  heated  in  a  muffle  or  over  an  air- 
gas-burner. 

Permanganate  of  Potash  Method. 

This  process  was  introduced  by  Margin-rite.  It  depends  upon  the 
reaction  which  occurs  between  an  acid  solution  of  a  protosalt  of  iron 
and  permanganate  of  potash,  a  sesquisalt  of  iron  being  formed.  Tho 
reaction,  when  protosulphato  of  iron  is  present,  may  be  represented  by 
the  following  formula  : — 

I0Fc<j,SO3+KO,Mn,O-+8HO,SO3=5Fe^\3SO3+KO,SO'+2MnO,SO»+8IlO. 

A  measured  quantity  of  solution  of  permanganate  of  potash  is  re- 
quired to  oxidize  a  known  weight  of  iron  present  in  solution  as  a  proto- 
salt; the  termination  of  the  action  is  indicated  by  tho  tint  imparted 
by  the  slight  excess  of  the  permanganate  of  potash.  For  this  method 
pmjuinganate  of  jxAash  is  required.  When  obtainable,  crystals  are  to  bo 
preferred.     They  may  be  kept  for  use  in  a  glass  stoppered  bottle 
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without  alteration,  otherwise  it  may  bo  prepared  as  follows,  the  equi- 
valent proportions  being  3  of  Mn  0*,  3  of  KO,  HO,  and  1  of  KO  C105  : 
8  parts  of  peroxide  of  manganese  (Swedish),  10  parts  of  hydrate  of 
potash  (fused,  pure  water-potash),  and  7  parts  of  chlorate  of  potash,  by 
weight,  are  to  be  mixed,  and  heated  to  dull  redness  for  about  1  hour. 
The  fused  mass  is  treated  with  water,  and  nitric  acid  cautiously  added 
until  the  solution  changes  to  a  dark  purple-violet  colour,  when  it  is 
filtered  through  a  funnel  containing  asbestos  or  coarsely-powdered 
glass,  or  the  residue  may  bo  allowed  to  settle  down,  and  the  super- 
natant liquor  drawn  off  for  use.  The  residue  may  be  used  for  the  pre- 
paration of  a  fresh  quantity  of  the  permanganate. 

Standard  solution. — 200  grs.  of  permanganate  of  potash  crystals  are 
to  bo  dissolved  in  4  pint*  of  distilled  water.  The  solution  is  to  bo 
standardized  as  follows : — A  weighed  quantity  of  iron  wire  is  to  be 
dissolved  in  dilute  hydrochloric  or  sulphuric  acid,  with  the  precautions 
before  mentioned.  The  solution  of  iron  diluted  with  2  pints  of  dis- 
tilled water  in  a  large  flask,  with  a  sheet  of  white  paper  under  it,  or, 
better  still,  in  a  white  porcelain  dish.  When  cold,  the  solution  of  per- 
manganate is  to  run  in  slowly,  with  repeated  agitation  of  the  iron 
solution,  until  the  faintest  tint  of  rose-pink  colour  is  observed.  The 
number  of  divisions  of  solution  of  permanganate  of  potash  required  is 
noted,  and  the  calculation  made.  The  process  is  repeated  on  one  or 
more  weighed  pieces  of  iron-wire,  and  the  mean  of  the  nearest  results 
taken  as  the  standard. 

The  following  aro  some  results  given  in  the  order  obtained.  They 
also  serve  to  show  the  accuracy  of  the  method.  Sulphuric  acid  was 
used  for  dissolving  tho  iron  :— 

No.  of  divisions  Calculated  amount 

Weight  of  iron                               of  solution  of  of  iron :  200  di- 

wire  taken.                                pcrmangaiwte  of  visions  ( 1000  grs.) 

potash  required.  are  equal  to 

3-  634  gra   73-75    9  855  gra. 

5-350  ,,    108-75    9  837 

7  018    142-50    9-857 

4-  700  ,   95  25    9-807  ,, 


Mean  result  or  standurd    9-854 


» • 


If  the  iron  wire  contains  99-5  %  of  iron,  tho  calculated  1  g.g05 
standard  would  ho  equal  to  J 


The  same  solution  of  permanganate,  standardized  with  puro  sulphate 
of  iron,  gave  as  follows  : — 

No.  of  200  divisions 

h.S.u..?f  divisions. 


25  gra.  (  =  5  035  grs.  of  iron)    102-75    9.802  gra. 

20  ,   82-25    9-796  ,, 

35    143-50    9  825 


Mean  result   9  802 


*  t 


An  objection  raised  against  solution  of  poimanganate  of  potash  is  its 
liability  to  decomposition.    W  hen  prepared  from  the  crystals  it  may 
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be  kept  with  slight  alteration.  The  results  given  above  were  obtained 
in  March,  1862,  and  a  large  quantity  of  solution  was  prepared.  The 
residual  portion  of  the  solution,,  standardized  in  March,  1803,  and  the 
results  calculated  for  1000  grs.  of  solution,  gave  as  follows : — 

By  iron  wire   0*811  and    9  783  grs,  . 

Mean  result  or  standard    9-797  ft 

By  pure  sulphate  of  iron,    9*766  and   9*747  „ 

Mean  result    9-757  „ 

Alteration  in  12  months  as  found  by  irou  wire   =  0*057  f, 

do.  do.  sulphate  of  iron...  =  0-045  „  \ 

For  purposes  of  analysis  we  employ  a  solution  of  1000  grs.,  equal  to 
about  5  grs.  of  iron. 

To  prepare  a  standard  solution  from  the  strong  solution  of  perman- 
ganate of  |>otash,  made  according  to  the  previous  directions,  the 
strength  should  be  approximately  found  by  means  of  a  weighed  piece 
uf  iron-wire,  the  solution  afterwards  diluted  to  the  required  strength, 
and  correctly  standardized  according  to  the  plan  already  described. 
This  solution  is  more  liable  to  decompose  on  keeping,  and  should  be 
occasionally  standardized. 

Process. — A  weighed  amount  of  the  ore  is  to  bo  acted  on  by  acid 
according  to  previous  directions,  the  solution  of  iron  diluted,  and  re- 
duced by  means  of  zinc  or  sulphite  of  soda,  and  the  standard  solution  of 
permanganate  of  potash  run  slowly  into  the  ootd  solution  of  iron  until 
a  rose-piiiA  tint  is  obtained.  The  number  of  divisions  are  then  noted, 
and  the  necessary  calculations  made.  Sesquisulphato  of  iron  has  a  less 
colouring  power  than  sesquichloride  of  iron.  If  hydrochloric  acid  has 
been  u-*ed,  by  adding  sulphuric  acid  to  the  water  before  dilution,  tho 
final  tint  of  the  permanganate  is  more  easily  recognised.  It  is  not 
advisable  to  use  a  burette  with  indiarubber  connector  at  the  lower 
end.  For  solution  of  permanganate  tho  Knglish  burette  may  bo  used, 
or  Mohr's  burette  provided  with  a  glass  stop-cock,  or  drawn  out  into 
a  point  at  the  lower  end,  and  tho  indiarubbor  connector  and  pressure- 
screw  adjusted  to  the  top.  If  tho  permanganate  is  added  too  quickly, 
or  a  sufficient  amount  of  acid  is  not  present,  a  brown  precipitate  sepa- 
rates, which  generally  redissolves  by  agitation.  If  tho  solution  is  not 
sufficiently  diluted,  or  the  permanganate  added  before  it  is  cold,  chlo- 
rine will  be  given  off  and  the  assay  spoiled.  Iron-ores  containing 
organic  matter  should  be  calcined,  or  tho  acid  solution  filtered  off 
according  to  tho  directions  previously  stated,  before  tho  addition  of 
the  permanganate.  During  tho  assay  tho  permanganate  disappears 
w  ith  less  rapidity  as  tho  assay  approaches  completion.  Tho  first  change 
in  the  tint  should  bo  noted,  as  tho  pink  colour  will  disappear  on  stand- 
ing. After  reading  off  the  number  of  divisions  used,  a  drop  of  tho  per- 
manganate may  bo  added;  if  it  increase  the  tint  of  tho  solution,  it 
serves  to  verify  tho  correctness  of  the  result. 

The  following  are  some  results  obtained,  and  relating  to  the  pre- 
ceding descriptions  : — 

I.  A  blackband  iron-ore,  containing  6*96 °/c  of  organic  matter,  gave 
II  follows  :  — 


Digitized  by  Google 


252 


ASSAYING  OF  IRON  ORES 


By  a  standard  solution  of  bichromate  of  potash  (1000  grs.  1 

=  4  •  87  gra.  of  iron)  on  the  ore  direct  without  filtering \  26  •  785  %  of  iron. 


By  a  standard  solution  of  permanganate  of  potash] 
(1000  gra.  =  4-88  grs.  of  iron).   Tho  organic  matter}  26-783% 
separated  by  filtration  I 

On  attempting  to  estimate  the  amount  of  iron  in  10  gra.  of  the  iron- 
ore,  by  the  same  solution  of  permanganate,  in  the  presence  of  the 
organic  matter,  it  took  120  divisions,  «=  20-28%  of  iron,  before  the 
pink  colour  was  evidont ;  and  even  on  adding  several  divisions  more 
of  tho  permanganate,  the  solution  rapidly  lost  the  pink  colour. 

2.  Blackband  iron-ore  from  Bloxwich,  containing  about  30%  of 
organic  matter : — 

Iron  estimated  by  means  of  permanganate  of  potash  on  the  orel  _  90.44  o. 


previously  calcined  (by  R.  8.)   /  /o 

Iron  estimated  by  means  of  bichromate  of  potash  after  filtering  1  _9e.  A7  0/ 

off  the  organic  matter  (by  R.  S.)  f~M  *'  '° 

Do.  on  tbe  ore  direct  without  filtration  (by  C.  T.)   =28-38% 

Do.       Do.     by  another  solution  of  bichromate  \by  H.  Coode)  =28-30% 

The  amount  of  organic  matter  present  in  this  ore  is  very  large.  Two 
determinations  of  tho  iron  made  with  solution  of  bichromate,  in  pre- 
sence of  the  organic  matter,  and  the  solution  not  sufficiently  diluted, 
gave  2(3-85  and  20-77%  of  iron.  The  error  was  found  to  be  due  to 
mechanical  interference  only ;  for  on  filtering  off  tho  organic  matter 
further  addition  of  bichromate  was  found  necessary,  and  the  correct 
per-centage  of  iron  obtained. 

We  have  had  both  Dr.  Penny's  and  Marguerite's  processes  in  exten- 
sive use  for  several  years ;  but  for  practical  purposes  we  give  the  pre- 
ference to  Penny's  process  by  bichromate  of  potash,  for  the  following 
reasons : — 

1 .  Tho  bichromate  of  potash  does  not  require  special  preparation,  as 
it  is  a  commercial  salt,  and  the  crystals  easily  obtainable. 

2.  The  solution  is  easily  prepared,  and  is  ready  for  immediate  use. 

3.  After  being  once  standardized,  the  solution  is  less  liable  to  de- 
composition by  long  keeping  than  that  of  the  permanganate  of  potash. 

4.  It  is  less  liable  to  error  in  manipulation,  from  the  evolution  of 
chlorine  during  the  assay,  the  presence  of  organic  matter,  etc. 

5.  It  is  equally  accurate  with  the  permanganate  plan. 

6.  It  occupies  less  timo,  as  filtration  is  generally  unnecessary,  even 
when  organic  matter  is  present  in  large  quantity ;  and  no  time  is  lost 
in  waiting  for  the  assay  solution  of  iron  to  cool,  as  is  the  case  with  the 
permanganate. 

Tn  the  following  comparative  tabulated  results  the  toet  assays  were 
made  by  means  of  a  standard  solution  of  bichromate  of  potash,  or  per- 
manganate of  potash,  and  the  dry  assays  in  brasqued  crucibles  by  the 
Swedish  method. 


off  the  organic  matter  

Do.  on  the  ore  previously  calcined 


26-785% 


t » 
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COMPABATIVE  TABULATED  RESULTS  OBTAINED  BT   WET  AND  bRY 

Methods  of  Assaying. 


ORE. 
lOgre. 


Hwiutit* 


Dr.. 


Do. 


Brown  iron  ore   

Northamptonshire ) 
Colrarwaw  hrcmatite 

(Froghail) 


Spathic  iron  on- , 


Do. 


(,'->J  iron  ore 

Do. 
Do. 
Tap  cinder . 


■  •••«••«  ••••••• 


Do. 
Do. 


TiUnif«twn  iron  snnd  ... 


Wet. 


6975 


57-57 
57-62 
43  45 
43-42 

33-35 


*33-95 
•84*19 


34-25 


Dry. 


73  4 
73  2 


68  08  70-4 
70  3 


Flux 


37-55 

42  1 

42-8 

29  37 

32  3 

32-2 

34-41 

37-5 

51  05 

62-6 

59-6 
59-9 
45-0 

35-3 
35  6 

355 

398 
39  6 
399 


40-4 

39-4 
40  0 


Glass 
Lime 
Glass 


Glass  2 

Lime  3 


Do. 
Sand  * 
China  \0 
ClayM 
Lime  2} 
Glass  2 
3 

H 

4 

14 

Do. 

Glass  3 
lame  2 


Do. 

Sand  1 
Cliina\0 
Clay/2 
Lime  11 
Glass  2$ 
Lime  2* 

Glass  3 
Lime  2 
Do. 

Glass  1 
Lime  4 


Iron,  dark  grey  graphitic, 
flattens  somewhat  before 
breaking. 

Slag,  white,  opaque,  crys- 
talline, semi-vitreous. 
Do. 

Iron,  dark  grey. 

Slag,  vitreous,  transparent. 


Iron,  dark  grey. 

Slag,  opaque,  vi 

Iron,  dark  grey. 

Slag,  grey  white  and  semi- 
vitreous. 

Iron,  mottled. 

Slag,  vitreous  and  opaque. 

Iron,  grey,  exterior  smooth 
and  hard. 

Slap,  semivitreous,  yellow- 
is!  i  green. 

Slag,  glassy  transparent 
and  amber  tint 


63  2 

China\0 

Clayr 
Li  mo  4 

56-54 

641 

Glass  1 

64  0 

Lime  4 

57-57 

621 
61*7 

Do. 

32  13 

34-3 

Glass  21 
Lime  1J 

China  I . 
Clay/1 

Iron,  dark  grey. 

Slag,  vitreous  and  greyish 

white. 
Slag,  transparent. 

Iron,  dark  grey. 

Slag,  vitreous  and  gn  y. 

Iron,  white,  brittle,  close 

grained. 
Slag,  vitreous  and  opaque 

white. 
Slag,  do. 


Iron,  globular,  and  surface 
clean  and  smooth,  flat- 
tens somewhat,  fracture 
dull,  dark  grey. 

Slag,  black,  luird,  resinous, 
with  a  copper-eolouied 
film  on  the  external  sur- 
face. 


1  Reduced  by  zinc. 


9  Reduced  by  sulphite  of  soda. 
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DIRECT  EXTRACTION  OF  IRON  IN  TOE  MALLEABLE 

STATE  FROM  THE  ORE. 

In  ancient  times  iron  was  always  extracted  from  its  ores  in  the 
state  of  malleable  iron  ;  and  to  this  day  the  same  method  is  practised  by 
the  natives  of  India,  Borneo,  and  Africa ;  nor  indeed  is  it  yet  extinct 
in  Europe:  it  is  stated,  moreover,  to  bo  still  extensively  employed 
in  Vermont  and  New  Jersey,  U.  S.1  This  method  will  be  designated 
the  direct  process,  to  distinguish  it  from  the  modem  or  indirect  process, 
in  which  cast-iron  is  first  produced.  Hie  subject  will,  accordingly,  bo 
treated  under  those  two  heads.  Tho  apparatus  employed  is  of  tho 
simplest  kind,  consisting  of  a  small  furnace  or  hearth  and  a  blowing 
machine.  Only  rich  ores  are  employed,  and  the  fuel  is  invariably 
charcoal.  A  lump  of  malleable  iron  is  directly  obtained,  which  is 
hammered  out  into  a  solid  more  or  less  rectangular  mass,  called  a 
bloom,  which  is  afterwards  extended  under  the  hammer  into  bars.  The 
term  bloom  is  still  in  common  use,  and  is  clearly  derived  from  the 
Saxon  word  bhma,  which  is  defined  by  Bosworth  as  "metal,  mass, 
lump."  Tho  ancient  furnaces  in  which  the  direct  process  was  carried 
on  were  designated  Uoomeries.*  The  scale  of  operation  is  utterly  in- 
significant compared  with  the  modern  indirect  process.  I  shall  describe 
this  process  as  conducted  in  different  parts  of  the  world. 

Iron-smelting  in  India.* 

Tho  Hindoos  appear  to  have  earned  on  the  direct  process  from  time 
immemorial,  as  we  may  certainly  infer  from  tho  large  accumulations 
of  slag  which  occur  in  various  localities  in  India ;  and,  as  it  is  scarcely 
possible  to  imagine  anything  more  rude  than  their  appliances,  or  any- 
thing more  diminutive  than  their  scale  of  operation,  it  would  seem 
that  they  have  not  made  any  substantial  progress  in  their  art,  at  least 
in  many  districts.  Their  furnaces  are  frequently  not  larger  than  a 
chimney-pot,  and  hours  of  incessant  toil  aro  required  to  produce  a  few 
pounds  weight  of  iron ;  and  yet  the  price  at  which  thoy  sell  the  metal 
is  surprisingly  low.  They  belong  to  inferior  castes,  and  their  occu- 
pation is  regarded  as  degrading.  They  are,  nevertheless,  hard-working 
and  useful  people,  though  extremely  poor  and  earning  a  wretched 


•  The  Manufacture  of  Iron  in  all  its 
various  branches.  By  Frederick  Over- 
man.   Philadelphia,  1854,  p.  245. 

2  Contributions  to  Literature,  Histori- 
cal, Antiquarian,  and  Metrical.  By  Maik 
Antony  Lower,  M.A.,  F.S.A.  liOiulon, 
1854,  p.  117.  The  expression  bloma  ferri 
OCCim  several  times  in  Domesday  Book. 

3  Much  has  been  written  on  this  sub- 
ject, and  I  have  read  even  tiling  relating 
to  it  that  I  have  met  with.  I  am  in- 
debted to  Dr.  Watson,  who  has  charge  of 


the  Museum,  etc.,  belonging  to  the  India 
Board,  for  the  perusal  of  numerous  tracts, 
from  which  I  have  derived  valuable  in- 
formation. Descriptions  of  native  Indian 
iron-smelting  will  be  found  in  the  follow- 
ing works  :— Dalrymple's  Oriental  RejH-r- 
tory,  1S0S.  2,  p.  488,  published  by  the  1at<- 
East  India  Company  ;  A  Journey  from 
Madras  through  the  Countries  of  Mysore, 
Oauam,  and  Malabar,  by  Francis  Buch- 
anan, M.D.,  1S07,  1,  p.  171. 
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pittance  which  barely  suffices  to  keep  body  and  soul  together.  They 
deserve  a  better  fate. 

I  am  indebted  to  Mr.  Howard  Blackwell  for  a  succinct  and  sys- 
tematic account  of  native  iron-smelting  in  India,  founded  to  a  consi- 
derable extent  on  his  own  observation.  Mr.  Blackwell,  under  the 
direction  of  the  Indian  Government,  explored  the  mineral  resources, 
especially  with  reference  to  coal  and  iron,  of  various  parts  of  the 
country,  and,  having  been  himself  practically  engaged  in  the  manage- 
ment of  iron-works  in  England  during  several  years,  was  well  quali- 
fied to  observe  with  accuracy  the  native  processes.* 

The  ores  employed  are  magnetic  oxide  and  rich  red  and  brown 
haematites.  Captain  Campbell  states  that  he  has  seen  specular  iron- 
ore  used  by  the  Konds  of  Goomsoor.*  The  process  of  smelting  varies 
uomewliat  in  different  districts ;  and  this  variation  is  due  partly  to 
local  custom,  and  partly  to  the  fact  that  the  art  has  most  advanced 
where  the  population  is  most  dense  and  civilized. 

The  furnaces  may  be  divided  into  three  typical  kinds.  Tho  first 
kind  is  employed  on  tho  western  coast  of  India,  in  tho  western  Gliats, 
and  usually  through  the  Deccan  and  Carnatic,  and  is  tho  rudest  form 
of  furnace  in  use  in  the  less  civilized  districts  and  among  tho  Hill 
Tribes.  The  second  and  third  kinds  are  employed  in  Central  India  and 
tho  North-West  Provinces,  and  resemble  the  simplest  forms  of  tho 
Catalan  forge  and  the  German  Stuekofen  respectively :  they  aro 
greatly  in  advance  of  the  first,  and  are  capable  of  producing  wronght- 
iron  in  considerable  quantities,  as  well  as  natural  steel. 

Tho  blast  is  produced  by  bellows  very  unliko  those  of  Europe.  Tho 
bellows  in  common  uso  consists  of  the  skin  of  a  kid  or  goat,  taken  off 
the  animal  by  opening  the  hinder  part  only ;  the  holes  corresponding  to 
the  legs  are  sewn  up ;  at  tho  neck-end  is  inserted  a  nozzlo  of  bamboo, 
and  the  tail-end  is  cut  transversely,  so  as  to  form,  when  tho  edgeH  are 
brought  together,  a  long,  straight  slit  for  tho  admission  of  air.  For  a 
considerable  length,  but  not  to  the  whole  extent,  of  each  of  the  edges  or 
lips  composing  this  slit,  a  piece  of  split  bamboo  is  firmly  tied  on  tho 
exterior.  By  this  means  the  slit  may  bo  readily  closed  or  opened,  and 
made  to  act  the  part  of  a  valve.  The  skin  should  bo  rendered  very 
supple  by  rubbing  it  with  oil  or  buttermilk.  Each  furnace  is  provided 
with  at  least  two  such  bellows.  One  man  is  required  to  work 
them,  and  he  sits  cross-legged  on  the  ground  between  them,  moving 
them  alternately  in  order  to  keep  up  a  continuous  and  regular  blast. 
A  leathern  thong  passes  from  one  of  the  lips  of  tho  valve  round  his 
hand,  and  to  fill  tho  bellows  ho  drops  tho  lower  lip  and  raises  the 
upper  one,  when  air  enters,  swelling  out  tho  skin  into  the  shape  of  a 
conical  bag.    He  then  quickly  catches  up  tho  lower  lip,  closes  the 


^ 4  He  is  the  author  of  the  Report  of  the  I  vullcy. 

Kxmnination  of  thu  Mineral  District*  of      s  Calcutta  Jourti.  of  Nut.  Hiat.,  ns 
Uk- Nerbndda  VaUej.  Printed  a*  No.  144,    quoted  in  Appendix  to  the  Import  <>r  the 
New  Series  of  Selection*  from  the  lie-    Government  Central  Museum  of  Madrus, 
corda  of  the  Bombay  Government.    He  in    185o\  p.  12. 
now  v1862,  directing  the  collieries  of  that  ! 
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valve,  and  bears  with  his  weight  on  the  inflated  akin,  forcing  out  the 
contained  air  through  the  nozzle  into  the  furnace.  Large  bellows  of 
similar  construction  are  made  of  buffalo-hide,  with  the  exception  that 
the  skin  is  sown  up  along  the  line  of  the  belly,  and  the  bamboo  strips 
are  fixed  together  at  one  end  of  the  valve,  and  can  be  separated  only 
at  the  other,  where  they  are  prolonged  beyond  the  skin,  so  as  to  form 
convenient  handles.    Such  a  bellows  requires  one  man  to  work  it. 

Another  mode  of  making  and  working  those  bellows  is  described  as 
follows :  "  The  open  end  of  the  skin  is  finished  by  folding  the  edge  of 
one  side,  as  a  flap,  about  4  inches  over  the  other  edge,  and  sewing  up 
the  upper  and  lower  corners,  so  as  to  leave  a  part  of  both  flaps  open 
for  about  9  inches.  When  the  skin  is  filled  with  wind,  and  pressed, 
the  inner  flap  closes  therefore  against  the  outer,  and  stops  the  passage. 
Each  skin  is  managed  by  one  man,  who  places  it  in  his  lap,  and 
squeezes  it  down  with  the  elbow  and  lower  part  of  tho  right  arm, 
grasping  at  the  same  time  a  projecting  sort  of  handle  of  leather, 
formed  at  about  tho  part  where  tho  tail  of  tho  animal  might  have 
been.  To  enable  the  blower  to  fill  the  skin  again  with  wind,  a  piece 
of  string  is  attached  to  the  lower  corner  of  the  posterior  part,  which 
is  tied  to  a  peg  driven  into  the  ground  about  a  foot  behind  the  man's 
elbow,  and  keeps  tho  skin  distended  to  its  full  extent  as  it  lies  in  his 
lap :  and  a  loop  of  leather  is  also  fastened  to  the  outer  flap,  through 
which  tho  arm  is  passed,  by  which  the  opening  into  the  skin  is 
distended  upon  raising  tho  elbow  ;  and  tho  skin  being  pulled  out 
horizontally  by  the  neck  in  one  direction,  and  the  string  and  the  peg 
in  the  other,  upon  pulling  up  tho  middle  part  vertically  by  tho  leather 
grasped  in  the  hand,  tho  skin  is  openod  out  into  a  triangular  shape, 
and  fills  with  wind  through  the  open  flap.  While  squeezing  the  skin 
in  blowing  also,  by  pressing  the  hand  forward  so  as  to  pull  against  the 
string  attached  to  the  posterior  part,  the  valve-flaps  are  made  to  close 
fairly  and  properly,  so  as  to  allow  hardly  any  wind  to  escape.  Tho 
left  hand  is  emploj'ed  in  assisting  the  right,  or  in  squeezing  tho 
distended  parts  of  the  skin  upon  the  side.  It  will  be  observed  that, 
as  both  tho  necks  of  the  skins  open  into  tho  blast-pipe,  a  portion  of 
the  wind  expelled  from  one  skin  passes  back  again  into  the  other,  as 
they  are  worked  alternately  ;  a  defect  which  might  have  been  remedied 
in  a  most  simple  manner,  by  attaching  little  hanging  door-valves  to 
the  ends  of  the  pipes."  * 

In  Orissa  and  some  other  parts  of  Bengal,  bellows  of  a  very  different 
and  ingenious  construction  are  in  use,  and  will  presently  be  described.7 
In  the  Museum  belonging  to  the  India  Board  are  small  single-acting 
blowing  cylinders  of  wood,  of  which  the  piston  is  packed  with  feathers. 
It  will  appear  in  the  sequel  that  such  machines  are  in  operation  in 


6  On  the  Manufacture  of  Bar-Iron  in 
Southern  India.  By  Capt.  H.  Campbell. 
Appendix  to  the  Report  on  the  Govern- 
ment Centrul  Museum,  Madras.  Madras, 
1856,  p.  13.  Extracted  from  tho  Calcutta 
Journal  of  Natural  History. 


7  I  have  specimens  of  these  three  kinds 
of  hellows  in  my  collection,  for  two  of 
which  I  am  indebted  to  Mr.  Blanford, 
and  for  a  large  one  of  buffalo  hide  to 
Colonel  Anderson. 
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Borneo.  I  shall  have  occasion  to  describe  an  admirably  constructed 
Chinese  double-acting  blowing  machine  of  wood,  in  which  the  piston 
is  also  packed  with  feathers.  In  the  same  Museum  are  preserved  most, 
ingenious  bellows  constructed  entirely  of  leaves. 

The  tooLs  are  much  the  same  at  all  Indian  furnaces.  The  anvil 
is  of  wrought-iron,  very  small,  square,  and  without  the  beak  of  an 
English  anvil,  to  supply  the  place  of  which  a  separate  tool  is  used. 
The  hammer,  tongs,  etc.,  do  not  differ  sufficiently  from  those  in  use  in 
Europe  to  require  description. 

Hard  woods,  such  as  teak  and  babool  (Acacia  Aralica),  are  preferred 
for  charcoal ;  but,- failing  these,  any  description  of  wood  is  used,  and 
in  some  places  bamboo.  According  to  Mr.  Blanford  the  wood  called 
stil  (jShorea  robusta)  is  prefeired  where  obtainable.  The  larger  lumps 
of  charcoal  are  broken  to  about  the  size  of  walnuts,  and  the  dust 
sifted  out. 

The  ore  is  brown  haematite.  It  is  broken  into  small  particles  not 
larger  than  peas,  and  the  fine  dust  produced  in  the  operation  of 
crushing  is  carefully  sifted  out  and  thrown  aside. 

First  kind  of furnace. — It  varies  in  size,  and  sometimes  in  shape  ;  but 
tho  principle  of  its  construction  and  the  method  of  working  arc  always 
the  same.  In  its  simplest  form,  among  the  Hill  Tribes  of  tho  CJhats, 
it  is  only  2  ft.  high,  and  yields  5  or  C>  lbs.  of  iron  at  a  charge,  while,  in 
its  more  advanced  state  in  the  Deccan,  it  is  often  4  ft.  high,  and  pro- 
duces 30  lbs.  of  iron  at  a  charge.  It  is  circular  in  form  ;  its  width  at 
tho  bottom  or  across  the  hearth  is  from  10  in.  to  15  in.,  and  at  the  top 
from  Cy  in.  to  12  in. ;  and,  as  stated  above,  its  height  ranges  from 
2  ft.  to  4  ft  It  is  built  ontirely  of  clay  carefully  tempored.  In  use 
the  lower  part  wears  rapidly  away,  and  is  constantly  repaired  with  a 
lining  of  fresh  clay.  There  arc  two  openings  into  the  bottom  of  the 
furnace,  through  one  of  which  the  blast  is  admitted,  and  through  the 
other  the  slag  or  cinder  and  the  iron  produced  are  removed.  \\  ith 
respect  to  this  practice  Mr.  Blanford  informs  me,  that  in  all  tho  fur- 
naces which  ho  has  seen  in  Bengal  and  tho  Carnatic  the  cinder  runs 
out  at  the  side,  and  the  iron  is  withdrawn  through  tho  same  aperture 
as  that  through  which  tho  twyers  pass. 

Tho  operation  of  smelting  is  conducted  in  the  following  manner :- — 
Tho  furnace,  if  a  new  one,  is  carefully  dried  by  keeping  a  tire  in  it 
for  some  hours.  Two  earthen  pipes  or  twyers  about  12  in.  long  and 
1  in.  in  internal  diameter  are  placed  side  by  side  in  the  opening  at  the 
front  of  the  furnace,  so  as  to  project  2  in.  or  IS  in.  into  the  interior  of 
tho  furnace,  and  be  3  in.  or  4  in.  above  the  bottom,  and  with  each  of 
these  twyers  a  bellows  is  connected.  The  remainder  of  the  opening  is 
then  filled  with  clay,  and  the  front  opening  is  in  like  manner  stopped. 
The  furnace  is  now  filled  nearly  half  full  of  charcoal,  and  upon  this  fire 
is  put,  after  which  it  is  filled  up  to  the  top  with  charcoal.  The  blast 
is  then  applied.  The  smelters  attach  a  good  deal  of  importance  to  the 
kindling  of  the  fire  at  a  proper  height  above  the  twyer,  and  as  it  extends 
downwards  very  slowly  a  small  quantity  of  charcoal  remains  unburn  t 
in  tho  bottom  of  the  furnace  until  almost  tho  end  of  tho  operation. 
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W  hen  the  charcoal  sinks  at  the  top  of  the  furnace,  alternate  charges 
of  ore  and  charcoal  are  supplied  until  the  proper  charge  of  ore  has 
been  introduced,  after  which  the  blast  is  increased  as  much  as  possible 
and  thus  maintained  till  the  close  of  the  operation.  Cinder  soon 
appears  in  the  hearth,  and,  when  it  rises  to  the  twyers,  is  tapped  off 
by  inserting  a  small  bar  through  the  fore  part  of  the  furnace.  The 
greater  part,  however,  of  the  cinder  remains  in  the  furnace  and  is 
taken  out  along  with  the  iron.  In  from  4  to  6  hours  a  charge  is  com- 
pleted, when,  the  front  of  the  furnace  being  removed,  a  small  mass  of 
malleable  iron,  cinder,  and  unburnt  charcoal  is  drawn  out  If  the 
operation  has  been  properly  conducted,  the  iron  is* sufficiently  hot  to 
be  hammered  at  once  into  a  tolerably  soimd  bloom,  with  the  extrusion 
of  a  thick  viscid  cinder;  but  it  is  sometimes  too  cold  for  this  purpose, 
and  must  in  that  case  be  reheated  in  an  open  charcoal  fire. 

As  a  large  part  of  the  front  of  this  furnace  is  removed  at  the  end  of 
each  successive  charge  in  order  to  extract  the  iron,  much  time  is  wasted 
and  fuel  lost  from  the  cooling  of  the  furnace.  Hence,  it  is  generally 
impossible  to  work  off  from  one  furnace  more  than  two  or  three  charges 
daily. 

In  districts  whore  this  kind  of  furnace  is  in  operation,  there  is 
usually  no  division  of  labour,  the  same  family  collecting  the  ore, 
burning  tho  charcoal,  making  the  iron,  and  immediately  afterwards 
working  it  up  into  such  articles  as  may  be  required  by  the  villagers. 
The  smelters  are  sometimes  itinerant,  going  froni  village  to  village 
and  setting  up  their  furnace  wherever  a  demand  for  iron  exists,  and  a 
supply  of  ore  and  charcoal  can  be  obtained. 

Second  hind  of  furnace. — It  is  generally  employed  through  Central 
India  and  the  North- Western  Provinces,  in  which  manufactur  es  of  all 
sorts  have  acquired  a  much  greater  development  than  in  the  districts 
before  mentioned. 

The  iron-makers  hero  are  united  in  villages  of  which  the  sites  have 
been  determined  by  the  proximity  of  ore  and  wood  of  good  quality  for 
charcoal.  In  tho  larger  villages  there  is  usually  a  complete  subdivi- 
sion of  labour,  miners,  charcoal -burners,  smelters,  and  blacksmiths 
forming  separate  classes ;  and  tho  iron  is  frequently  sent  for  sale  to 
considerable  distances  from  the  places  of  manufacture. 

Tho  descriptions  of  the  second  as  well  as  third  kinds  of  furnaces  aro 
taken  from  examples  occurring  in  Tendukera,  probably  the  largest 
iron  making  town  in  India,  and  containing  from  50  to  CO  of  such 
furnaces. 

Tho  second  kind  of  furnace  consists  of  a  bank  of  well-tempered  clay 
in  which  is  a  cylindrical  cavity  from  15  in.  to  18  in.  in  diameter,  and 
about  2  ft.  6  in.  deep.  The  bank  is  frequently  extended  in  length,  and 
contains  a  row  of  two  or  three  similar  cavities  at  convenient  distances 
from  each  other.  At  the  bottom  of  each  cavity  are  two  openings  on 
opposite  sides. 

The  modo  in  which  tho  ore  and  charcoal  are  prepared  and  the  fur- 
nace sot  to  work  is  much  the  same  as  in  that  just  described.  The 
furnace  being  filled  with  charcoal  in  the  first  instance  and  the  blast 
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applied,  ore  and  fuel  are  charged  alternately.  When  the  cinder  has 
accumulated  to  a  certain  extent  in  the  hearth,  it  is  tapped  off  through 
the  front  by  inserting  an  iron  bar  ;  but  when  a  charge  of  iron  is  ready, 
it  is  taken  out  through  the  top  of  the  furnace  by  means  of  a  pair  of 
tongs,  having  previously  been  formed  into  a  ball,  with  an  iron  bar  also 
introduced  through  the  top.  As  soon  as  the  ball  is  removed,  the 
cinder  remaining  in  the  furnace  is  tapped  otf  through  the  front,  and 
fresh  charges  of  ore  and  charcoal  are  supplied.  Hence,  the  principal 
defect  of  the  first  furnace  does  not  exist  in  this ;  for  as  tho  iron  is  to  a 
certain  extent  manipulated  in  the  furnace  itself  and  then  removed 
without  the  destruction  of  the  lower  part  of  the  furnace,  it  is  possible 
to  charge  again  without  delay  or  allowing  the  whole  structure  to  cool. 
Six  lumps  of  iron  of  about  20  lbs.  in  weight  each  are  made  in  the  day 
of  1G  hours^and  hammered  without  reheating  into  sound  blooms.  This" 
furnace  is  obviously  a  considerable  improvement  on  the  first,  and  is  in 
fact  a  small  Catalan  furnace. 

Third  kind  of  furnact. — It  is  employed  in  the  same  district  as  the 
secr<ndy  but  for  the  manufacture  of  a  superior  quality  of  iron  and  of 
natural  steel.  It  is  built  of  clay,  and  is  usually  placed  in  the  side  of  a 
mound.  Its  entire  height  on  the  outside  is  from  8  ft.  to  10  ft.,  and 
within  from  6  ft.  to  7  ft.,  so  that  the  bottom  of  the  hearth  is  from  2  ft. 
to  '}  ft.  above  tho  ground.  It  is  18  in.  square  in  tho  interior,  and  of 
the  same  size  from  top  to  bottom.  Its  front  wall  is  usually  not  more  than 
5  in.  or  t>  in.  thick,  so  as  to  admit  of  its  being  removed  at  pleasure  ; 
and  when  this  is  done  the  body  of  the  furnace  presents  the  appearance 
of  a  vertical  trench  18  in.  square,  cut  in  the  front  of  a  mound  of  well- 
tempered  clay.  The  working  bottom  of  tho  furnace  is  formed  by  a 
plate  or  tile  of  dried  clay,  in  which  are  a  number  of  small  holes 
punched  nearly  through,  and  which  is  placed  at  an  angle  of  about  45° 
with  the  back  of  the  furnace. 

A  modification  of  this  furnace-  is  sometimes  used,  in  which  tho  cross- 
section  is  about  15  in.  by  21  in.,  instead  of  18  in.  square  ;  and  the  fuel 
consists  of  alternate  charges  of  charcoal  and  wood.  This  furnace  works 
well,  but  possesses  no  peculiar  advantiigc. 

In  setting  the  furnace  to  work,  tho  bottom  plate  or  tile  is  first  put 
in,  and  then  cow-dung  is  introduced  to  the  depth  of  al>out  12  in.  On 
the  top  of  this  bed  of  cow-dung  about  4  in.  or  5  in.  above  the  front 
edge  of  tho  bottom  plate  are  placed  two  earthen  pipes  or  twyers, 
which  are  at  least  18  in.  long,  and  project  into  tho  furnace  almost  to 
the  back.  The  furnace  is  then  partially  filled  with  charcoal,  lighted, 
and  afterwards  filled  to  the  top  with  charcoal.  The  blast  being  applied 
from  the  front,  the  man  who  works  the  bellows  sits  upon  a  sort  of 
scaffold  raised  2  ft.  or  3  ft.  from  tho  ground.  Ore  and  charcoal  are 
alternatelv  charged,  and  the  smelting  continues  from  12  to  1G  hours. 
A  considerable  quantity  of  cinder  is  tapped  out  at  intervals  by  passing 
an  iron  bar  through  the  semi  perforations  in  the  bottom  plate  into  tho 
furnace,  beginning  first  with  the  lower  holes  and  afterwards  proceed- 
ing to  the  upper  ones ;  the  holes  from  which  the  cinder  has  been  drawn 
are  stopped  with  clay  in  turn,  as  the  iron  accumulates  at  the  bottom 
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and  extends  up  to  them.  When  the  t'wyen  are  entirely  burnt  away, 
the  iron  having  risen  to  their  level,  the  smelting  is  completed;  the 
bottom  plate  is  then  removed  with  an  iron  bar,  and  the  mass  of  iron  and 
cinder  which  has  collected  in  the  bottom  of  the  furnace  allowed  to  fall 
to  the  ground.  The  lump  of  iron  frequently  weighs  from  150  to 
200  lbs.,  and  is  too  large  to  be  hammered  whole.  It  is,  therefore,  cut 
by  means  of  a  sharp -edged  sledge,  so  tliat  when  cold  it  may  be  broken 
into  four  pieces.  It  usually  consists  of  a  mixture  of  malleable  iron 
and  natunil  steel,  the  relative  amounts  of  which  are  stated  to  depend 
more  upon  the  nature  of  the  ore  than  any  modification  of  the  process. 
When,  however,  the  object  is  to  produce  steel,  a  large  proportion  of 
charcoal  is  employed  and  a  gentle  blast  applied.  The  steely  parts  fre- 
quently present  the  same  appearances  on  fracture  as  the  best  blister 
"steel  from  Swedish  iron  ;  and  they  arc  carefully  selected  and  prepared 
for  use  by  being  heated  to  a  low  red-heat  in  a  charcoal  fire  and  then 
cut  into  small  pieces  of  convenient  size  for  making  edge-tools,  ete. 
When  iron  is  wanted  instead  of  steel,  the  pieces  into  which  the  lump 
has  l>een  broken  aie  raised  to  a  welding  heat  and  hammered  into  bars, 
by  which  means  it  loses  almost  all  appearance  of  steel.  Sometimes 
small  quantities  of  cast  iron  are  produced  in  this  furnace  to  the  great 
annoyance  of  the  smelters,  who  have  much  difficulty  in  separating  it 
from  the  rest  of  the  iron.  They  consider  that  in  this  case  the  iron  has 
been  injured  by  raising  the  temperature  of  the  furnace  too  high. 

The  last  or  third  kind  of  furnace  differs  so  much  in  certain  details 
from  a  furnace  evidently  belonging  to  this  class  described  by  Aikin" 
from  a  MS.  of  Major  Franklin,  that  I  insert  a  short  account  of  the 
latter.  The  accompanying  diagrams  of  this  furnace  will  render  any 
lengthened  description  unnecessary. 

Fig.  1,  ground  plan.  A,  the  furnace  : 
the  walls  art*  made  of  large  unburnt  bricks 
and  lined  with  clay.  H,  a  trench  3  ft. 
deep,  having  a  sloping  entrance,  as  shown 
by  the  arrow. — Fig.  2,  front  elevation. — 
rIG.S.  Fig.  3,  vertical  section. — Fig.  4,  the  twyer, 
T,  eomj>osed  of  two  diverging  earthen 
pipes  imbedded  in  a  mass  of  dri«Ml  clay. 
H,  hearth-bottom  of  sandstone,  or  some 
other  hard  and  difficultly  fusible  rock  :  its 
surface  slopes  towards  the  front.  C,  plattt 
of  clay,  perforated  with  holes,  which  ait; 
opened  or  stopped  up  according  to  circum- 
stances. W,  a  clay  wedge  for  regulating 
the  dip  of  the  twyer.  K  K,  plates  of 
burnt  clay  or  thick  tiles  that  till  up  the 
space  in  front  of  the  furnace  not  occupied 
by  the  twyer.  D,  a  mass  of  cow-dung  and 
chaff.  There  are  two  bellows  to  a  furnace, 
which  are  fixed  in  front  at  a  convenient  height  from  the  ground.  The  twyer  is 
kept  firmly  in  its  place  by  a  vertical  bar,  the  bottom  of  which  presses  on  it,  while 
the  top  is  hitched  into  a  loop  of  iron  placed  between  two  lateral  studs  or  staples. 

*  Illustrations  of  Arts  and  Manufactures.   Hy  Arthur  Aikin.   London,  1841,  p.  289. 
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Tb-  entire  height  of  the  furnace  vanes  from  4  ft.  4  in.  to  8  ft.,  and  its 
at  tbe  widest  part  from  1  ft.  to  8  ft.  9  in. 

It  will  he  ohservetl  that  the  latck  of  the  furnace  inclines  considerably  forwards, 
■ad  this  is  stated  to  be  an  essential  condition  of  its  construction. 


By  way  of  special  illustration  of  the  first  kind  of  furnace  I  have 
pleasure  in  presenting  a  description  of  iron  smelting  in  Orissa,  Lower 
Bengal,  from  the  pen  of  my  friend  and  former  student,  Mr.  II.  F. 
Blanford,  recently  of  the  Geological  Survey  of  India. 

"  The  form  of  furnace  shown  in  the  accompanying  woodcuts  in  that  lined  in  the 
Tributary  Mchals  of  Orissa,  but  with  some  slight  modifications  may  be  regunled  as 
typical  of  those  employed  generally  by  the  natives  of  Lower  Bengal.  The  furnace 
(mm  which  the  original  sketches  of  the  woodcuts  wen?  taken  was  seen  by  mo  in 
operation  in  the  village  of  Kunkerai,9  which,  like  all  sueh  villages  in  this  part  of 
Bengal,  is  inhabited  exclusively  by  the  iron  smelters,  and  is  distinguished  from  the 
agricultural  villages  around  by  the  filth,  poverty,  and  degraded  condition  of  the  inha- 
bitant*. The  iron  smelters  of  Orissa,  as  I  believe,  generally  in  Bengal  form  a  clasn 
apart  from  the  agricultural  inhabitants,  belonging,  indeed,  to  the  isolated  aboriginal 
tribes  which,  under  varying  mimes,  are  found  in  all  the  hilly  tracts  of  the  peninsula, 
and  are  regarded  by  modern  ethnologists  as  the  degenerate  relics  of  the  aboriginal 
Tamul  race.  In  Orissa  Un  re  are  several  of  such  tribes,  differing  in  their  relative 
degrees  of  civilisation  :  the  iron  smelters  of  the  Talcheer  and  neighbouring  districts 
belong  to  the  lurge  tribe  of  the  Kols  or  Coles.  They  an»  to  a  certain  extent  nomadic 
in  their  habits,  remaining  in  one  spot  only  so  long  as  plentiful  supplies  of  ore  and 
wood  are  obtainable  in  the  immediate  vicinity.  These  failing,  or,  as  frequently 
happen*,  on  the  occurrence  of  anything  that  is  regarded  as  of  evil  omen  by  these 
*U|*n»titious  communities,  they  transport  themselves  and  property  to  some  more  propi- 
tious site,  and  work  away  as  before.  The  heavy  rains  and  increasing  jungles  soon 
obliterate  the  remnants  of  the  deserted  village,  with  the  exception  of  the  large  aecu- 
mulations  of  slags,  which  remain  for  centuries,  monuments  of  an  unprogressed  art. 
Such  lumps  of  slag  are  frequently  found  in  jungly  districts,  where  no  iron  manufacture 
ha*  hen  carried  on  within  the  memory  of  the  inhabitants. 

"  In  the  furnace  here  shown  the  only  essential  parts,  i.  e.  parts  common  to  all  the 
fjrauces  of  Orissa,  are  the  cylindrical  portion  or  furnace  proper  and  the  Ik/Hows 
apparatus.  Tlie  inclined  earthen  tray  with  its  wooden  and  bamh»o  sup|>ort*  I  have 
only  seen  in  a  few  villages.  The  furnace  is  of  the  rudest  construction.  It  is  built  of 
the  highly  ferruginous  sandy  soil  of  the  country,  moistened  and  kneaded,  and  is  gene- 
rally strengthened  by  a  sort  of  skeleton  of  strips  of  flexible  wood.  See  soetions,  tigs.  (\ 
and  8,  over  which  the  earth  is  worked.  In  form  it  varies  from  a  cylinder,  more  or  h>ss 
circular,  to  a  frustum  of  a  tolerably  acute  cone,  the  walls  being  either  of  equal  thick- 
ness about  3  inches)  throughout,  or  rather  thicker  towards  the  l*ise.  The  height  of 
the  furnace'  is  generally  about  3  feet,  and  the  mean  interna]  diameter  altoiit  1  foot  ; 
but  all  the  dimensions  vary  according  to  the  skill  of  the  workman,  or,  more  probably, 
according  to  local  custom  or  chance.  Then?  are  two  aperture!  at  the  base  of  the 
furnace  :  one  in  front,  about  a  foot  in  height,  and  rather  less  in  width  than  the  internal 
diameter  of  the  furnace,  through  which,  when  the  smelting  of  one  charge  is  finished, 
the  resulting  mass  of  sj>ougy  iron  is  extracted,  and  which,  during  the  smelting,  is  well 
plastered  up,  the  small  conical  twyer  being  inserted  at  the  Ixittom.  This  twyer  is 
usually  made  of  the  same  material  as  the  furnace,  viz  of  a  red  argillaceous  sand, 
worked  by  hand  into  the  required  form  and  sundried ;  but  sometimes  no  other  twyer 
w  employed  than  a  lump  of  moist  clay  with  a  hole  in  it,  into  which  the  bamlxio  piix* 
with  the  bellows  are  inserted.1    The  other  aperture  is  smaller,  and 


J  See  Mem.  Geol.  Survey  India,  Part  L 
Pp.  »»>,  tio.  &c. 
1  "  See  p.  10  of  Report  on  Coal  and  Iron 


of  Cuttack.  Most  of  this  Report  is  taken 
from  a  MS.  of  my  brother  s,  except  such 
jKirts  as  arc  taken  from  published  works." 
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placed  at  one  side  of  the  furnace  an  1  chiefly  balow  the  ground,  forming  a  communica- 
tion between  the  bottom  of  the  furnace  chamber  and  a  small  trench  into  which  the 
Hlug  flows,  filtering  out  through  a  small  pile  of  charcoal  (see  b,  tigs.  4,  5).  The  1x^1 
of  the  furnace  is  slightly  inclined  towards  this  dag-hole  to  allow  the  slag  to  flow  away 
freely.  The  latter  solidifies  as  it  leaves  the  furnace  into  vesicular  cakes,  which  are 
removed  occasionally  with  pincers  by  the  workmen. 

"  The  inclined  tray  at  the  back  of  the  furnace  is,  as  above  stated,  very  locally 
employe  1.  It  is  formed  of  the  same  material  as  the  furnace,  kneaded  into  shape,  and 
supported  on  a  bed  of  split  tambnos  laid  on  a  wooden  framework.  On  it  is  piled  a 
supply  of  charcoul  which  is  raked  into  the  furnace  as  required. 

"  The  blowing  apparatus  employed  in  Orisaa  is  very  ingenious  and  is  perhaps  as 
economical  of  human  labour  as  any  form  of  hand-b;  llows.  Sections  of  it  are  shown 
in  figs.  0.  10,  in  the  one  ease  extend  xl,  in  the  other  compressed.  It  consists  of  a 
circular  segment  of  hard  wo<nl,  usually  mango-wood,  rudely  hollowed,  and  with  a  piece 
of  buffalo  hide  with  a  small  hole  in  its  centre  tied  over  the  top.  Into  this  hole  a 
strong  cord  is  (Hissed,  having  a  small  piece  of  wood  attached  to  the  end  to  keep  it 
inside  the  bellows,  while  the  other  end  is  attached  to  a  b^nt  bamboo  firmly  fixe*l 
into  the  ground  close  by.  This  bamlioo  acts  as  a  spring,  drawing  up  the  string 
and  consequently  the  leather  cover  of  the  bellows  to  its  utmost  stretch,  while  air 
enters  through  the  central  hole.  When  thus  filled,  a  man  places  his  foot  on  the 
hide,  closing  the  central  hole  with  his  heel,  and  then  throwing  the  whole  weight 
of  his  body  on  to  that  foot  he  depresses  tlte  hide  and  drives  the  air  out  through  a 
l>amboo  tube  inserted  in  the  side  and  communicating  with  the  furnace.  At  the 
same  time  he  pulls  down  the  bamlmo  with  the  arm  of  that  side.  Two  such  bellows 
ure  placed  side  by  side,  thin  b  iraboo  tubes  priming  to  the  same  twyer  :  and  ho, 
by  jumping  on  each  bellows  alternately,  the  workman  keeps  up  a  nearly  con- 
tinuous blast. 

**  I  have  never  seen  this  form  of  bellows  elsewhere  than  in  Orisja.  The  bellows 
employed  vary  greatly  in  different  parts  of  India.2 

*•  The  drawings  aro  much  idealized  as  regards  regularity  and  neatness  of  construc- 
tion, but  the  dimensions,  etc.,  are  accurately  copied  from  the  original.  The  native  is 
far  too  intellectual,  muscular,  and  clean  for  any  K61  that  ever  lived." 

The  slags  contain  rounded  particles  of  iron,  which  are  separated  by 
pounding  and  washing,  and  are  used  instead  of  leaden  shot. 

Dr.  Hooker  lias  published  a  brief  notice  of  native  iron-smelting  in 
the  Nonkreem  valley,  in  the  Khasia  mountains.  The  ore  is  described 
as  iron-sand  (magnetic  oxide  ?)  disseminated  through  coarse  reddish 
sand  resulting  from  the  decomposition  of  soft  granite  occurring  in 
the  locality.  In  order  to  procure  this  iron-sand,  the  natives  conduct 
water  over  the  beds  of  granite  sand  ;  and  as  the  lighter  particles  are 
washed  away,  the  remainder  is  removed  to  troughs,  where  the  sepa- 
ration of  the  ore  is  completed.  The  ore  must  bo  very  abundant,  as 
Dr.  Hooker  states  that  44  the  country  is  everywhere  intersected  with 
trenches  for  iron -washing,  and  some  large  marshes  were  dammed  up 
for  the  same  purpose."  44  The  smelting,"  Dr.  Hooker  states,  44  is  very 
rudely  carried  on  in  charcoal  fires,  blown  by  enormous  double-action 
bellows,  worked  by  two  persons,  who  stand  on  the  machine,  raising 
the  flaps  with  their  hands,  and  expanding  them  with  their  feet."  In 


2  This  kind  of  blowing  apparatus  was 
described  and  figured  by  Mr.  Robert  Ito.se 
in  the  Gleanings  of  Science.   No.  34, 


Oct.  1831.  Calcutta.  It  was  observed 
by  him  in  use  for  making  iron  at  Aiudeah. 
near  Samhhnlpur. 
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illustration  of  this  Dr.  Hooker  has  given  the  annexed  woodcut,  which 
in  from  the  same  block  «'is  that  in  his  work.  "  There  is  neither  furnace 
nor  flux  used  in  the  reduction.  The  fire  is  kindled  on  one  side  of  an 
upright  stone  (like  the  head-stone  of  a  grave),  with  a  small  arched  hole 
close  to  the  ground:  near  this  hole  the  bellows  are  suspended;  anil  a 
bamboo  tube  from  each  of  its  compartments  meets  in  a  larger  one,  by 
which  the  draught  is  directed  under  the  hole  in  the  stone  to  the  fire. 

The  ore  is  run  into 


lumps  as  large 
fists,  with  a  rugged 
surface :  these  lumps 
aro  afterwards  cleft 
nearly  in  two,  to 
show  their  purity."* 
If  Dr,  Hooker's  en- 
graving had  not  been 
accompanied  with  a 
specific  description, 
1  should  have  sup- 
posed that  it  was  in- 
tended to  represent 
a  charcoal  fire  used 
solely  for  the  pur- 
pose of  ro- heating 
the  iron  during  the 
operation  of  hum- 
meriug  it  out  into 
bars  or  other  forms. 
Details  of  the  con- 
struction of  the  bel- 
lows would  have 
been  desirable.  As 
shown  in  the  en- 
graving, they  seem 
capable  of  being 
worked  by  the  feet 
alone;  for,  by  means 
of  the  attachment  be- 
tween them,  as  the 

air  would  bo  expelled  by  pressing  obliquely  with  the  foot  on  one  side, 
the  other  would  by  the  same  action  become  inflated.  The  two  sides  may 
Ihj  thus  alternately  filled  and  emptied,  so  as  to  produce  a  continuous 
blast.  The  attractive  damsel  figured  by  Dr.  Hooker  will  naturally 
excite  the  sympathy  of  the  reader.  1  have  met  with  another  descrip- 
tion of  iron-smelting  in  this  district,  illustrated  by  a  very  artistic 


3  Himalayan  Journals.    London,  1864,  2,  p.  JUO. 
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etching,  which  leads  mo  to  infer  that- the  bellows  seen  by  Dr.  TTooker 
were  worked  as  I  have  suggested.  The  furnace  in  this  account  is 
obviously  a  smelting  furnace,  and  widely  differs  from  that  described  by 
Dr.  Hooker.  I  insert  the  following  extract,  which,  though  short,  is 
pretty  clear  and  explicit.4 

"  There  are  largo  grass  huts  at  least  25  ft.  high,  the  thatch  of  which 
reaches  down  to  the  ground  on  all  sides.  The  interior,  of  an  oval 
form,  15  by  20  ft.  in  the  two  diameters,  is  divided  into  three  apart- 
ments ;  the  central  one  being  the  smolting-room.  Two  large  double 
bellows,  with  the  nozzles  pointed  downwards,  are  set  up  on  one  side 
of  the  apartment,  ou  the  upper  part  of  which  a  man  stands  with  one 
foot  on  each,  his  back  supported  by  two  planks.  He  holds  a  stick  in 
his  left  hand,  which  is  suspended  from  the  roof,  and  hsis  two  strings 
attached  to  it  below,  connected  with  the  two  bellows  :  those  are 
worked  quickly  by  a  wriggling  motion  of  the  loins,  and  the  strength 
of  the  leg.  The  nozzles  of  the  bellows  unite  in  a  tube  which  leads 
underground,  from  a  sort  of  wind-chest,  to  the  hearth  about  4  ft.  in 
front  of  them.  Over  the  hearth  is  a  chimney  of  pipe-clay  braced  with 
iron  hoops,  2  ft.  in  diameter  at  the  bottom,  and  about  t>  ft.  high. 
The  mouth  at  bottom  is  on  the  side  away  from  the  bellows,  and  tho 
chimney  inclined  from  them  to  direct  the  heated  air  from  the  smelter 
towards  an  opening  in  the  roof.  At  tho  right  sido  of  the  bellows,  and 
even  with  the  top  of  the  chimney,  is  a  trough  containing  damp  charcoal 
and  iron-sand  :  at  every  motion  of  his  body  tho  operator  with  a  long 
spoon  tumbles  a  piece  of  this  charcoal,  with  the  iron  sand  adhering  to 
it,  down  the  funnel  of  tho  furnace,  and  when  a  mass  of  melted,  or 
rather  softened,  iron  is  formed  on  tho  hearth,  it  is  taken  out  with 
tongs,  and  beaten  with  a  heavy  wooden  mallet  on  a  large  stone  by 
way  of  anvil.  The  iron  in  this  state  is  sent  down  to  the  plains  for 
sale  or  barter."  The  fire  clay  employed  is  said  to  be  procured  in 
large  quantity  near  a  limestone  hill  in  the  vicinity. 

The  bellows  represented  in  the  illustrative  etching  seem  to  be  com- 
posed of  wood  and  skin  or  leather,  and  closely  to  resemble  ordinary 
European  bellows. 

One  would  naturally  suppose  that  voracious  iron-works,  consuming 
as  they  do  almost  every  living  plant  or  tree  in  their  vicinity,  and 
changing  a  beautiful  landscape  into  a  hideous  desert,  would  be  regarded 
with  peculiar  abhorrence  by  an  ardent  and  illustrious  botanist,  like 
my  friend  Dr.  Hooker.  But,  so  far  from  this,  tho  metallurgist  will  be 
gratified  to  learn  that  Dr.  Hooker,  with  a  catholicity  of  scientific 
feeling  which  is  somewhat  surprising,  indited  the  following  passage 
even  in  view  of  the  gorgeous  scenery  of  the  Himalayas  ; — 44  Few  houses 
were  visible,  but  the  curling  smoke  from  the  valleys  betrayed  their 
lurking  places,  whilst  the  tinkling  sound  of  the  hammers  from  the 
distant  forges  on  all  sides  was  singularly  musical  and  pleasing;  they 


4  Smelting  of  Inm  in  the  Kasya  («'c) 
1 1 1 1  Jour,  of  tho  Asiatic  Bee.  of  Ben- 
gal, is:f2,  I,  l»-  150.   The  etching  is  l»y 


Mr.  J.  Prinxep,  mid  tho  drawing  from 
which  it  wiw  iniuh-  »uul  the  notice  arc 
hy  Mr.  W  CrttCroft. 
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fell  on  the  ear  like  '  bells  upon  the  wind,'  each  ring  being  exquisitely 
melodious,  and  chiming  harmoniously  with  the  others.  The  solitude 
and  beauty  of  the  scenery,  and  the  emotions  excited  by  the  music  of 
chimes,  tended  to  tranquillize  our  minds,  wearied  by  the  fatigues  of 
travel  and  the  excitement  of  pursuits  that  required  unremitting  atten- 
tion ;  and  we  rested  for  some  time,  our  imaginations  wandering  to 
far  distant  scenes,  brought  vividly  to  our  minds  by  these  familiar 
sounds."*  Whether  the  " sweet  music"  of  the  forges,  or  the  asso- 
ciations which  they  excited  in  the  mind,  contributed  most  to  the 
inspiration  of  Dr.  Hooker  when  he  wrote  this  glowing  passage,  must 
be  left  to  the  decision  of  the  reader. 

Commercial  Details. 

A  few  authentic  statements  concerning  yields  and  cost  of  extracting 
and  manufacturing  iron  in  India  by  the  native  methods  may  interest 
and  perhaps  rather  astonish  British  as  well  as  Continental  iron- 
masters. 

In  Southern  India  (1844)  lumps,  as  they  come  from  the  furnaces, 
and  weighing  about  1 1  lbs.,  are  sometimes  sold  at  the  rate  of  2  annas 
(.W.)  each.  But  the  l>est  lumps  in  forging  yield  only  about  6  lbs.  of 
iron,  and  generally  not  more  than  3  lbs.  The  expense  of  forging  the 
crude  lumps  of  iron  into  rough  bars  by  hand-hammers  may  be  esti- 
mated at  40  rupees  (4/.)  per  ton  of  the  former;  so  that  the  expense  of 
the  bar-iron  will  be  80  rupees  (8/.)  per  ton,  which  a  few  years  ago, 
when  the  above  statement  appeared,  wTas  less  than  the  market  price 
at  Madras  of  the  cheapest  English  bar-iron."  To  wTork  a  furnace  about 
4  ft.  high,  four  men  are  required,  one  master  and  three  labourers,  and 
they  only  make  3  lumps  in  the  day  of  12  hours.  Captain  Campbell 
states  that  in  small  blast-furnaces  not  larger  than  the  native  ones,  he 
was  able  with  two  men  to  produce  40  lbs.  of  crude  iron  in  a  day  of 
12  hours,  with  an  expenditure  of  half  the  quantity  of  ore  and  charcoal 
consumed  by  the  natives.7  The  same  writer  asserts  that  the  worst 
Indian  iron  he  has  ever  seen  is  as  good  as  the  best  English  iron,  and 
he  supposes  that  the  alleged  defects  of  the-  former  were  due  to  its 
almost  always  containing  a  considerable  portion  of  steel.  Iron  pro- 
duced in  his  own  native  furnaces  in  Sou  them  India  could  be  drawn 
out  under  the  hammer  into  a  fine  nail-rod  not  T'o  inch  thick,  without 
splitting,  and  might  be  bent  backwards  and  forwards  6  or  7  times 
before  it  broke.  It  could  be  twisted  to  a  considerable  extent  without 
fracture,  and  a  half-inch  bar  \  inch  thick  bore  doubling  together  cold 
and  hammering  down  close  to  the  angle  with  very  little  appearance  of 
separation  between  the  fibres.  Indian  iron  of  native  manufacture  is 
stated  by  some  to  be  generally  red-short,  cracking  at  the  edges  when 


s  Op.  cit.  2.  p.  295. 

6  Captain  Campbell,  on  whose  autho- 
rity these  statement  nre  made,  subse- 
quently eorreeted  this  estimate  to  00 
rupees  (0/.)  per  ton  of  bnr-iron,  on  the 


ground  thot  he  had  not  made  a  proper 
allowanee  for  the  waste  in  forging. 

7  Appendix  to  the  Report  on  the  Go- 
vernment Central  Museum  of  Madras, 
p.  14. 
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worked  hot  under  the  hammer;  hut,  according  to  Captain  Campbell, 
such  iron  is  not  common.1 

At  Arnee,  Madras  Presidency.  Washed  iron-sand  is  the  ore  used. 
100  lbs.  yield  33J  of  crude  iron.  Weight  of  iron  at  one  smelting 
10  lbs.  12ozs.  loi  dwts.  By  forging,  100  lbs.  of  crude  iron  yield 
33f  of  bar-iron,  of  which,  therefore,  the  ore  gives  17°/0.* 

North  Canara,  the  most  northern  of  the  Madras  Collectorates. 
Average  price  of  crude  iron  of  native  manufacture  2  rupees  a  maund 
(80  lbs.),  i.  e.  5/.  12«.  per  ton.  About  2k  maunds  (200  lbs.)  are  obtained 
from  each  furnace  at  one  smelting. 

Malabar,  Madras  Presidency.  The  quantity  of  iron  produced  yearly 
in  this  district  may  be  estimated  at  about  475  tons  ( of  2240  lbs.)  The 
selling  price  of  (crude?)  iron  averages  from  12  annas  to  H  rupee  per 
toolani  (28  lbs.) — is,  say  6/.  per  ton.  The  average  price  of  charcoal, 
which  is  brought  from  1  to  8  miles,  is  at  the  furnaces  It  anna  per 
65  lbs.,  the  amount  one  man  can  make  in  a  day.  To  produce  1  lb.  of 
crude  iron  6  lbs.  of  charcoal  and  4  lbs.  of  ore  are  required.  The 
crude  iron  in  forging  loses  nearly  half  its  weight.  The  estimated 
profit  to  the  smelter  was  10  rupees  or  1/.  per  ton.1 


Nun*  oflocalitj. 

Cost  of  fum* 

e  with  dwd. 

Omt  of  working  per  month, 
according  u>  »lie  of  furnace. 

T  A  LOOK. 

Rupee*. 

Walloowartaad... 

Eraaad  

Teaala[*K>ram... 

5 
6 

17  to  30 
12  to  15 
24  to  48 

10*. 

12*. 
1/.  14*.  to  82. 
1/.  U.  to  1/.  10*. 
27.  8*.  to  4/.  16*. 

10  to  30 

20 
17  to  52 

52 

2J3to  28 

If.  to  If.  10*. 
2/. 

11 14*.  to  51. 4*. 

5/.  4*. 
5*.  to  2/.  10*. 

Salem,  Madras  Presidency*.  The  cost  of  a  furnace  varies  from 
4  annas  ((V/.)  to  2  rupees  (4s.),  the  quantity  of  ore  they  are  capable  of 
containing  being  from  15  to  18  lbs.  This  is  stated  to  bo  the  principal 
seat  of  the  steel  manufacture.* 

Vizagapatam,  a  maritime  district,  Madras  Presidency.  100  lbs.  of 
ore  yield  25  of  crude  iron.  1|  lb.  of  crude  iron  produces  1  lb.  of 
bar- iron. 

Coimbatore,  Caroor  talook,  Southern  India,  Madras  Presidency.  In 


■  Captain  Catnpbt  11,  who  was  Assistant  I  On  the  Iron  Ores,  the  Manufacture  of 
Surveyor-General,  Madras  Establishment,  I  Iron  ami  Steel,  ami  the  Coals  of  the 
ha*  evidently  something  to  learn  concern-  I  Madras  Presidency.  Ma  dr.  is.  1855,  p.  24. 
ing  the  nature  of  British  iron  ores,  as  will  I  The  other  details  which  succeed  are  de- 
appear  from  the  following  extract  from  rived  from  the  same  volume,  when  not 
one  of  his  papers:  -  "  I  have  little  douht    otherwise  stated. 

that  excellent  iron  might  be  made  from  I     1  Hep.  ante  eit.  H.  Conolly,  Collector, 
the  English  iron  stones,  if  tlie  oxide  of  Calicut,  June  24,  1854. 
trm  uyw  t*p<i  rated  from  the  impurities  by  ,     2  This  seems  very  small.    It  is,  how- 
uaMhing."    The  italics  are  mine.    Ap-  ,  ever,  so  stated. 

pendix  to  Report,  etc.,  ante  cit.  p.  26.  3  J.  M.  Heath.  Appendix  to  Report  on 

•  Captain  Brooke.  Report  on  the  Go-  the  Iron  Ores,  etc.,  ante  cit.  p.  2.  Quoted 
vemment  Central  Museum,  Madras,  by  from  Journal  of  Asiatic  Society,  5, 
Edward  Balfour,  Surgeon,  Madras  Army.    pp.  390-7. 
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this  locality  I  find  the  smallest  amount  sot  down  as  the  post  of  erecting 
a  furnace,  about  4  ft.  high  and  1  ft.  in  diameter ;  it  is  only  1  anna 
6  piee  (2$tf.)  !  One  man  working  hard  fur  3  days  can  make  4  furnaces. 
The  cost  of  working  is  the  price  of  labour  for  4  people  to  1  furnace  for 
a  month,  which  may  be  from  7  to  8  rupees  (14s.  to  10*.).* 

Nagpore,  Southern  India,  Deccan.  The  furnaces  cannot  be  worked 
in  the  rains,  as  they  are  all  under  trees  in  the  open  air.  The  entire 
cost  of  a  furnace  is  estimated  not  to  exceed  1  rupee !  'JTiere  are  three 
men  to  each  furnace.  The  daily  expense  may  bo  for  ore  £  anna  ( $<L), 
charcoal  2  annas  (3</.),  labour  3  annas  (4 total  6$  annas  {$\d.) 
From  each  furnace  is  produced  If  maund  of  crude  iron,  which  by 
forging  yields  1  maund  of  bar-iron. 

Throughout  Kumaon  and  Gurhwal,  Northern  Hindostan,  Bengal 
Presidency,  the  average  price  of  charcoal  delivered  within  4  miles  of 
the  forest  is  about  3  annas  for  30  seers  (00  lbs.),  or  about  14*. 

per  ton  (of  21  cwt.).a 

Kumaon  district.  030  seers  of  oro  produce  327*  of  crude  iron  or 
bloom-metal,  which  in  its  turn  produces  HI  I  seers  of  marketable  bar- 
iron;  i.  e.  100  parts  by  weight  of  ore  yield  only  H£  of  bar-iron. 

030  seers  of  ore  require  340  seers  of  charcoal  to  produce  327*  seers 
of  bloom-metal,  which,  in  its  turn,  requires  327  seers  of  charcoal  to 
produce  8 If  seers  of  iron,  i*.  e.  for  1  part  by  weight  of  iron  8{  of 
charcoal  are  required." 

The  most  recent  information  which  I  have  met  with  concerning  ihe 
prico  of  iron  of  native  manufacture  is  contained  in  a  report  by  Mr. 
Howard  Blackwell,7  to  whom  I  have  alreadv  had  occasion  to  acknow- 
ledge  my  obligation.  This  report  is  evidently  truthful  and  business- 
like, and  may,  I  am  convinced,  be  received  with  confidence. 

According  to  Mr.  II.  Blackwell,  the  town  of  Tendukera  in  the 
valley  of  the  Nerbudda  is,  as  has  been  previously  stated,  entirely 
engaged  in  iron  making.  The  ore  is  a  calcareous  hauuatite  occurring 
in  limestone,  about  2  miles  south  of  the  town  and  4  miles  from  the 
north  bank  of  the  Nerbudda  river.  The  workings  extend  over  a 
space  of  400  or  500  yards  in  length  and  about  200  in  width.  The 
ore  is  obtained  at  a  depth  of  from  30  to  40  ft.  below  the  surface;  but 
it  also  occurs  in  larger  or  smaller  quantities  up  to  the  surface.  The 
pits  are  sunk  every  season,  being  all  washed  in  by  the  rains;  and  the 
whole  system  of  working  is  as  rude  and  wasteful  as  it  can  possibly  be. 
The  charcoal  used  is  obtained  from  hills  to  the  north  from  4  to 
10  miles  from  the  town.  Every  sort  of  wood,  hard  and  soft,  is  used 
indiscriminately  ;  and  the  jungle  producing  it  is  cut  every  4  years. 


*  E.  C.  G.  Thomas,  Assistant  Collector.  Part  13.    Iron  and  Copper  Mines  in  the 

Appendix  to  the  Report,  etc,  ante  eit.  Kumaon  Division,  hy  J.  O'B.  Beckett. 

4  Report  on  the  Metallic  rons  Deposits  Report  dated  Jan.  31,  1850,  pp.  (57  et  seq. 

of  Kumaon  and  Gurhwal  in  North-Wt  stern  «  Report  of  the  Examination  of  the 

India.    By  William  Jory  Henwood.    Cal-  Mine  ral  Districts  of  the  Nerbudda  Valley, 

cutta,  1855,  p.  33.  By  J.  It.  Blackwell,  Esq.,  Mineral  Viewer 

6  Selections  from  the  Records  of  fio-  for  Bombay.    Bombay,  printed  for  the 

vernment.    North  -  Western    Trovinees.  Government.  1857. 
Published  by  authority.    Agra,  185:!, 
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The  charcoal  is  brought  to  tho  town  in  baskets  upon  the  backs  of 
buffaloes,  and  sold  at  from  3$  to  3  buffalo-loads  the  rupee,  or  about  8*. 
per  ton.  It  is  of  very  fair  quality,  weighing  from  11  lbs.  to  12  lbs.  to 
the  bushel  of  2625  cubic  inches.  Seventy  or  eighty  furnaces  are 
engaged  during  the  fine  months  in  smelting,  and  iron  of  excellent 
quality  is  produced. 

Tho  iron  here,  as  everywhere  in  India,  is  divided  into  two  sorts, 
haclichd  and  pakka  ;  but  theso  terms  have  a  different  signification  in 
each  district.  At  Tcndukera  kachchd  iron  consists  of  small  blooms  of 
marketable  iron,  made  in  a  furnace  more  nearly  resembling  that  of 
a  Catalan  forge  than  any  other  furnace  Mr.  II.  Black  well  had  seen 
in  India.  This  kachchd  iron  is  used  for  ordinary  purposes,  and  is  as 
good  as  the  pakka  iron  of  Chandghur.  Tho  pakka  iron  is  made  in  a 
furnace  of  a  different  description,  from  which  it  comes  as  a  species  of 
crude  steel :  it  is  cut  in  pieces,  re  heated  and  hammered,  whereby  it 
loses  its  steely  character  and  makes  iron  of  superior  quality,  which 
is  employed  for  purposes  requiring  great  toughness  and  strength.  The 
erode  steel  is  used  for  making  edge-tools,  for  the  points  of  picks, 
crowbars,  etc.,  and  is  of  very  good  quality. 

At  Tendukera  tho  prico  of  kachchd  iron  is  from  3/.  3*.  to  3/.  12s.  per 
ton;  and  that  of  pakka  iron  from  4/.  10s.  to  5/.  18s.  per  ton. 

44  It  may,  therefore,  bo  said,"  writes  Mr.  II.  Ulackwoll,  44  that 
iron  is  made  here,  by  the  rudest  methods, — without  any  machinery 
beyond  tho  bellows  and  hammer  of  the  workmen, — cheaper  than  it 
can  be  made  in  England,  with  every  mechanical  appliance  for  faci- 
litating the  manufacture.""  It  must,  however,  be  borne  in  mind  that 
only  very  small  bars  aro  produced  by  the  Hindoos. 

The  manufacture  of  iron  at  Tendukera  forms  a  striking  contrast  to 
that  of  Chandghur,  where  the  kachchd  quality  is  a  rough  mass  of  iron 
and  slag,  that  cannot  be  used  until  it  has  gone  through  a  second 
process  of  heating  and  hammering,  and  has  been  made  into  pakka % 
in  which  state  it  is  sold  at  12/.  10s.  per  ton;  and,  notwithstanding 
this  high  price,  Mr.  II.  Iilackwell  states  that  tho  smelters  are  worse 
paid  for  their  labour  than  those  of  Tendukera.  The  quantity  of 
materials  used  in  making  a  ton  of  iron  in  the  two  districts  is  as 
under : — 


Iron  Ore. 

Charcoal. 

T«.r 

A.  CWU. 

qre. 

Tons.  c«  Is.  <|r». 

J 

10 

0 

8      5  0 

3 

9 

0 

3     15  0 

Tcntlukuni  jnikka  irou  

5 

3 

2 

5      12  2 

In  the  Chandghur  furnaces  part  of  the  fuel  used  is  wood,  which,  in 
the  preceding  statement,  is  reduced  to  charcoal  at  the  rate  of  5  tons  of 
wood  to  1  ton  of  charcoal. 

Tho  great  difference  in  price  in  these  two  localities  is  ascribed 


s  Op.  cit.  p.  14. 
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mainly  to  the  quality  of  the  ore ;  but  it  is  also  partly  caused  by  the 
superiority  of  the  furnaces,  and  the  systematic  manner  in  which  the 
manufacture  is  earned  on  at  Tendukera,  as  compared  with  Chandghur. 
Moreover,  the  former  town  lias  the  advantage  resulting  from  the 
proper  subdivision  of  labour,  mining,  charcoal-burning,  and  smelting 
constituting  distinct  occupations.  All  the  iron  is  purchased  from  tho 
makers  by  Banians  or  merchants,  some  of  whom  are  men  of  consider- 
able wealth.  Tho  country  is  supplied  with  iron,  and  with  articles  of 
all  sorts  made  of  iron,  for  a  distance  extending  in  some  cases  as  far 
as  250  miles. 

Although,"  as  Mr.  II.  Blackwell  observes,  "  the  quantity  of  iron 
made  at  Tendukera  is  probably  much  larger  than  that  made  at  any  other 
town  in  India,  it  is  ludicrously  small  compared  with  the  quantities 
turned  out  by  European  works,  and  amounts  to  from  20  to  25  tons  per 
week  during  8  or  lJ  months  of  tho  year,  all  the  furnaces  being  stopped 
during  the  rains  from  the  difficulty  of  obtaining  charcoal  and  ore.  It 
was  at  Tendukera  that  Captain  Franklin  some  30  years  ago  manu- 
factured by  the  native  method  sufficient  iron  for  the  construction  of  a 
susj>ension-bridge." 

With  reference  to  the  desirableness  of  establishing  iron-works  on 
tho  European  system  in  the  Nerbudda  valley,  where  ore,  charcoal,  and 
coal  may  bo  obtained,  Mr.  II .  Blackwell,  at  the  conclusion  of  his  report, 
says,  11  I  have  no  doubt  that,  in  the  district  under  consideration, 
where  the  mere  freight  of  iron  from  England  will  be  from  51.  to  G/. 
per  ton,  iron  can  be  made  more  cheaply  than  it  can  be  imported." 

It  should  bo  borne  in  mind  that  even  at  Tendukera,— notwith- 
standing tho  comparatively  advanced  state  of  the  art, — there  was  great 
room  for  improvement.  The  mining,  wo  are  informed,  was  carried  on 
in  tho  most  unskilful,  and,  therefore,  most  wasteful  manner ;  and  it 
can  hardly  bo  doubted  that  the  system  of  charcoal-burning  was  very 
defective,  if  similar  to  that  usually  practised  in  India.  Hence  it  is 
reasonable  to  infer  that  in  this  locality  iron  might  be  produced  by 
tho  native  process  and  sold  at  a  still  lower  rate  than  that  above 
mentioned. 

Ikon-Smelting  in  Burma. 

•  I  am  indebted  for  the  following  description  to  my  friend  and  former 
pupil,  Mr.  W.  T.  Blanford,  of  the  Geological  Survey  of  India. 

"  Iron  is  made  in  several  places  in  Upper  Burma,  but  the  largest 
quantity  is  said  to  be  obtained  from  tho  neighbourhood  of  a  town 
called  Puppa  (variously  written  Paopa,  Poulepa,  etc.),  which  lies  about 
30  miles  E.  of  the  river  Trawadi,  and  at  tho  base  of  an  extinct  vol- 
canic mountain,  in  lat.  10°  50'  N.,  long,  about  95"  20'  E.  Ifemains  of 
furnaces  are  to  be  seen  within  tho  British  province  of  Pegu,  near 
l'romc,  but  T  do  not  know  if  any  iron  is  yet  manufactured. 

44  The  process  employed  differs  from  all  Indian  methods  with  which  I 
am  acquainted  in  tho  important  particular  that  no  artificial  blast  what- 
ever is  used.  I  did  not  seo  the  furnace  in  operation,  but  I  have  no 
doubt  that  tho  following  account,  given  to  me  by  the  Burmese  work- 
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men,  is  correct  in  all  essential  particulars,  although  I  cannot  answer 
for  the  accuracy  of  the  details,  especially  when  weights  are  specified. 
The  sketches  and  sections  of  the  furnace  are  from  my  own  measure- 
ments. 

11  The  ore  used  near  Puppa  is  a  brown  htematito  found  in  small  con- 
cretionary masses  in  the  gravels  which  cover  a  large  portion  of  the 
country.  These  concretions  generally  consist  of  an  extremely  ferru- 
ginous crust  with  a  nucleus  of  sundy  clay ;  they  are  broken  into  pieces 
the  size  of  a  hazel-nut,  and  the  sand  removed  by  sifting.  The  fuel  is 
charcoal,  of  excellent  quality  :  and  the  process  of  burning  it  appears, 
from  the  description  given  to  me,  to  be  far  superior  to  any  in  use 
among  the  natives  of  India.  The  following  is  the  account  of  it  as 
given  to  me  by  a  charcoal  burner  near  Puppa ;  and  I  have  found  the 
same  method  in  use  near  Thayet  Myo,  in  Pegu. 

"  The  principal  months  for  burning  are  January  and  February,  the 
season  for  the  iron  manufacture  being  from  the  first-named  month  till 
May,  and  the  usual  plan  appears  to  be  for  the  workmen  to  commence 
by  burning  a  supply  of  charcoal.  During  the  summer  and  autumn 
months  they  are  employed  in  agricultural  operations.  Several  kinds 
of  wood  are  used  for  burning  into  cliarcoal,  Sal  (S/torea  rof>ust<t) 
being  largely  used.  Stems  from  12  in.  to  18  iu.  in  diameter  are 
preferred ;  those  smaller  than  3  in.  or  4  in.  in  thickness  are  not  used. 
The  wood  when  cut  is  piled  into  heaps  about  12  ft.  square  and 
0  ft.  high,  the  sides  being  vertical  and  supported  by  uprights.  These 
heaps  are  covered  with  earth,  one  opening  being  left  at  the  base 
about  a  foot  square,  and  passing  from  side  to  side,  but  only  open  at  one 
end.  To  this,  fire  is  applied  by  burning  a  pile  of  small  wood,  and 
when  smoke  comes  out  freely  from  the  opposite  side  the  opening  is 
closed,  and  remains  so  until  the  fcmokc  has  almost  censed ;  then  it  is 
re-opened  and  some  charcoal  removed.  The  mass  re-ignites,  the  open- 
ing is  again  closed,  and  is  opened  again  to  removo  some  more  charcoal, 
when  the  smoke  again  abates.  This  is  repeated  daily  for  20  days  to  a 
month,  during  which  time  the  heap  continues  to  burn. 

"The  only  objectionable  practice  in  this  method  appenrs  to  be  the 
use  of  green  wood.  It  is  strange  to  find  so  good  a  system  of  burning 
charcoal  employed  in  connection  with  one  of  the  very  rudest  methods 
of  iron  smelting  anywhere  in  existence. 

"  No  flux  is  used,  as  might  be  expected,  and  I  have  already  men- 
tioned that  no  artificial  blast  whatever  is  employed  ;  nor  d«  es  any  care 
appear  to  be  taken  in  selecting  localities  where  a  natural  blast  might 
be  obtained  by  making  the  furnace  to  face  the  prevailing  wind,  for  I 
have  seen  furnaces  in  the  immediate  vicinity  of  each  other  faring  in 
several  different  directions.  A  steep  bank  of  sandy  clay  10  ft.  or 
12  ft.  high  is  selected  for  the  furnace,  which  consists  simply  of  a  hole 
of  peculiar  form,  dug  in  the  bank  at  a  distance  of  2  ft.  or  ,1  ft.  from  the 
edge,  which  is  cut  away  to  a  vertical  face.  Frequently  ;i  or  4  furnaces 
surround  a  small  pit.  They  aro  about  10  ft.  deep,  and  of  an  irregular 
trapezoidal  section,  the  breadth  from  side  to  side  increasing  gradually, 
from  1  ft.  9  in.  in  front,  and  about  a  foot  behind  at  the  top,  to  4  ft. 
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6  in.  or  5  ft.  at  the  bottom,  while  the  depth  from  front  to  back  is  1  ft. 

0  in.  at  the  top,  2  ft.  about  halfway  down,  and  decreases  rapidly  to 

1  ft.  at  the  bottom.  The  accompanying  sketches  and  sections  are 
drawn  to  the  scale  of  T'B,  and  give  the  dimensions  of  a  furnace  which  I 
measured.  Doubtless  there  is  some  variation,  but  the  general  form  of 
all  the  furnaces  1  saw  was  the  same,  and  the  differences  very  slight. 

44  The  faco  of  the  bank  in  which  the  furnace  is  dug  is  supported  by 
pieces  of  wood  placed  crosswise,  and  themselves  held  up  by  two  stout 
uprights.  The  lower  part  of  the  bank  is  dug  away  as  shown  in  the 
sections ;  and  a  rectangular  opening  about  1  ft.  high,  and  the  whole 
breadth  of  the  furnace,  is  made  at  the  extreme  base,  for  the  purpose  of 
removing  the  slag  and  the  iron  after  smelting. 


t  •  ii  i  T  I_ 

Klg.  11.  RurmeM  Furnace. 


44  \Vhen  the  furnace  is  in  work,  this  opening  is  said  to  be  closed  with 
moist  clay,  into  which  about  20  small  clay  tubes  or  twyers  are  built. 
These  twyers  are  made  by  plastering  moist  clay  upon  rounded  stems 
of  wood,  cutting  them  into  lengths  of  about  4  in.  each,  and  burning 
them.  They  are  about  2  in.  in  diameter,  and  are  built  into  the  opening 
in  one  line  about  halfway  up  it.  Lighted  wood  is  then  thrown  into 
the  furnace,  and  upon  it  2  baskets  of  charcoal,  each  containing  about 
25  visa9  (H7J  lbs.);  then  3  small  baskets  of  ore,  each  basket  containing 
about  10  viss  (.15  lbs.),  are  added.  Upon  this  one  basket  of  charcoal  is 
thrown,  succeeded  by  f>  small  baskets  of  ore,  next  another  basket  of 
charcoal,  then  again  3  baskets  of  ore,  and  lastly  a  fifth  basket  of  char- 
coal. 

44  When  the  wholo  is  fairly  lighted,  and  the  clay  filling  the  opening  at 
the  base  thoroughly  dried,  about  8  or  0  hours  from  the  commencement, 
the  sand  forming  the  hearth  of  the  furnace  is  scraped  away  and  a  space 
about  4  in.  high  and  the  breadth  of  the  furnace  is  opened  to  remove 
the  slag.  This  is  closed  again,  and  re-opened  ever}'  half  hour,  or 
more  frequently  if  necessary,  until  no  more  slag  flows.  The  smelting 
is  complete  at  the  end  of  24  hours ;  the  clay  at  the  base  of  the  furnace 


9  A  vhss  is  aU>ut  3]  lb*. 
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is  then  broken  away,  and  a  mass  of  iron  removed.  It  is  of  the  shape 
of  the  hearth,  4  ft.  or  5  ft.  long,  but  narrow ;  and  weighs  from  5  to  30 
viss,  tho  average  being  25  viss,  or  nearly  90  lbs.  It  is  extremely 
impure,  being  mixed  with  slag,  pieces  of  unburnt  charcoal,  sand,  and 
various  impurities,  and  in  this  state  sells  for  <>  or  7  rupees'  the  1 00 
viss  (12*.  to  14s.  for  350  lbs.).  When  worked  up  into  knives,  etc.,  the 
quality  is  excellent. 

"  Three  men  do  tjie  work  of  each  furnace.  One  charge  is  added 
immediately  after  the  iron  from  the  preceding  smelting  is  removed,  so 
that  generally  one  piece  of  iron  is  obtained  every  day.  Besides  the 
large  mass  produced  by  each  smelting,  a  few  small  irregular  fragments 
are  commonly  removed  with  the  slag." 

Iron-smelting  in  Borneo. 

The  natives  of  this  remarkable  and  luxuriant  island  have  long  had 
the  reputation  of  being  skilful  workers  in  iron  and  steel.  They  practise 
the  direct  process,  which  they  have  carried  on  from  time  immemorial, 
and  no  tradition  exists  amongst  them  respecting  the  first  introducer  of 
the  art.    The  following  description  is  from  Sell  waiters  4  Travels.'* 

Of  all  the  south-eastern  parts  of  Borneo,  only  the  inhabitants  of  the 
distriet  Doesnn  Oeloe  understand  tho  art  of  smelting  iron  and  manu- 
facturing it  into  sword-blades.  Accordingly,  iron  is  sent  from  this 
district  into  all  parts  of  the  country,  and  is  preferred  to  English  iron, 
experience  having  proved  that  sharper  and  more  durable  weapons 
may  be  produced  from  it  than  from  iron  of  foreign  manufacture. 
The  ore  employed  is  clay  iron-stone  from  beds  of  lignite,  of  which  all 
the  hills  of  the  district  are  stated  to  be  composed.  The  strata  con- 
taining the  iron-stone  are  intersected  by  the  river  Baiito,  and  are 
visible  in  its  deep  bed  at  low  water.  The  natives  avail  themselves  of 
this  circumstance  for  procuring  their  supply  of  ore,  whieh  is  more  or 
less  altered  by  tho  action  of  tho  water,  and  in  composition  approxi- 
mates closely  to  brown  iron  ore  (hyrf rated  sesauiojeiih  of  iron). 

The  furnace  is  cylindrical,  about  3  ft.  3  in.  high,  9  ft.  10  in.  in 
external  diameter,  and  2  ft  thick.  It  is  built  of  yellow  clay  taken 
from  the  bed  of  the  river,  and  is  tied  round  with  hoops  of  bamboo. 
44  It  is  square  in  tho  interior,  or  is  pyramidal,  narrowing  towards  the 


1  Or  rather  C  to  7  tirkuls  of  silver,  which  slags  occurring  in  Holland,  states  thnt  this 

arc  worth  about  a  rupee  each.    There  is  plate  has  been  entirely  altered  and  spoiled 

no  coined  money  in  general  use  in  the  King  by  the  lithographer;  and  be  1ms  illus- 

of  Ava's  territories;  silver,  of  varying  de-  truted  his  paj>er  also  with  a  coloured  li- 

grees  of  fineness,  is  the  medium  of  ex-  thograph  taken  from  Schwaner's  original 

change,  being  valued  by  weight.    Lead,  drawing.    My  deceased  friend,  the  lute 

also  calculate*!  by  weight,  is   used   for  Mr.  T.  H.  Henry,  who  was  master  of  the 

small  transactions  in  the  eupitul.    (See  Dutch  language  and  possessed  an  exten- 

Yule's  Mission  to  the  Court  of  Ava.)  sive  knowledge  of  Metallurgy  in  all  its 

*  Travels  in  Borneo,  by  Dr.  C.  A.  L.  M.  !  branches,  gave  me  his  assistance  in  prc- 

Schwaner,  during    1843-1847,  p.   109.  paring  this  description.    The  title  of  the 

Printed  in  Dutch.    The  description  is  in  paper  above  referred  to  is,  De  Ijzenlakken 

some  respects  confused,  and  is  illustrated  in  Noderlnnd  en  de  Ijzerhereiding  in 

with  a  coloured  lithograph  of  the  process  Vroegeren  Tijd,  door  Prof.  S.  1$  leek  rode, 

of  smelting.    Professor  S.  Bleekrodc,  of  Amsterdam,  circa  1857.) 
Delft,  in  an  interesting  paper  on  iron- 
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bottom ;  and,  as  far  as  one  can  understand  the  very  confused  descri)>- 
tion,  the  hearth  is  rectangular,  about  1  ft.  7  in.  wide,  2  ft.  long,  and 
9  in.  deep*'  (Bleekrode).  Each  furnace  has  three  clay  twyers  11  in. 
long,  and  decreasing  in  width  towards  the  furnace  from  about  2£  in. 
to  1  in.  There  is  an  opening  for  the  slags  to  run  out,  and  a  cavity  i« 
made  to  receive  them. 

The  blowing  machine  is  a  single-acting  cylinder  of  wood,  open  at 
the  top  and  closed  at  the  bottom;  it  is  made,  of  the  stem  of  a  tree 
hollowed  out,  about  5  ft.  (3  in.  high  and  3  ft.  in  circumference.  There 
is  probably  a  hanging  valve  opening  inwards  on  one  side  at  the 
bottom,  though  no  mention  is  made  of  the  fact.  In  the  wooden 
blowing  machines  in  use  amongst  the  Chinese  there  are  valves  of  this 
kind,  which  are  made  wholly  of  wood,  and,  nevertheless,  fit  pretty 
tight.  The  blast  is  conveyed  from  the  bottom  of  the  cylinder  through 
bamboo  tubes,  about  2  ft.  .*>  in.  long,  to  the  twyers.  The  piston,  of 
which  the  stroke  is  4  ft.,  is  packed  with  fowls'  feathers,  after  the 
custom  of  the  Chinese.  Above  each  cylinder  a  long  bamboo  is  firmly 
fixed  at  one  end  in  a  horizontal  position,  or  nearly  so;  and  to  the 
other  end  a  long  stick  is  suspended.  At  a  short  distance  from  this  end 
the  piston-rod  is  connected  with  the  bamboo  above,  which  thus  acts 
like  a  spring  and  raises  the  piston.  By  pulling  down  the  suspended 
stick  the  piston  is  depressed,  so  that  the  machine  may  be  worked 
exactly  like  a  pump,  of  which  the  handle  is  lifted  by  a  power- 
ful spring.  In  another  account  it  is  stated  that  the  piston-rods  are 
connected  with  other  rods  of  considerable  length,  to  which  weights 
are  fastened,  and  which  are  balanced  on  the  cross-beams  of  the  shed 
covering  the  furnace,  just  like  the  apparatus  commonly  employed  in 
drawing  water  from  shallow  wells* 

The  clay  is  mixed  with  water,  carefully  tempered  with  the  hands 
and  feet,  and  freed  from  stones  or  other  foreign  matters.  Thus  pre- 
pared, it  is  stamped  into  a  cylindrical  mould  of  bark  of  the  dimensions 
of  the  furnace.  A  wooden  core  seems  also  to  be  fixed  within,  in  order 
to  fashion  the  interior  of  the  furnace.  The  whole  is  then  left  to  itself 
for  a  month  or  longer  in  order  to  dry  well.  When  sufficiently  dry  the 
mould  is  detached  and  the  furnace  bound  with  hoops  of  bamboo. 
Before  use  the  furnace  is  gradually  heated. 

The  ore  preparatory  to  smelting  is  int  erst  ratified  with  wood  and 
roasted  in  heaps  during  one  day,  after  which  it  is  broken  into  pieces  of 
the  size  of  nuts  and  mixed  with  ten  times  its  bulk  of  charcoal :  and  in 
this  state  it  is  charged.  The  furnace  being  two-thirds  filled  with 
charcoal,  the  mixture  of  ore  and  charcoal  is  added  in  sufficient 
quantity  to  form  a  conical  heap  above  the  mouth.  The  piston  is 
worked  at  the  rate  of  40  strokes  a  minute.  The  slag  is  tapped  off  at 
intervals  of  20  minutes ;  and  it  is  stated  that  during  each  tapping, 
which  lasts  5  minutes,  the  blast  is  interrupted.  Towards  the  close  of 
the  operation  the  blast  is  increased.    A  lump  of  iron  is  finally  obtained 


;i  The  Kuyun*  of  the  North-west  of  I  |K»la^o  and  Eastern  Asia.    Singapore  :;, 
Borneo.    By  Robert  Barns  grandson  of    1*4**,  p.  1">I. 
the  poet;.    Journal  of  the  Indian  Aivhi-  | 
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weighing  about  100  lbs.  (avoird.)  :  it  is  taken  out  at  the  bottom  of  the 
furnace  by  means  of  wooden  tongs,  and  removed  to  a  place  strewn 
over  with  fine  slags,  whore  it  is  worked  with  wooden  mallets  nearly 
into  the  shape  of  parallelopipedons.  Such  a  mass  is  the  result  of  the 
labour  of  four  men  during  one  day  ;  its  commercial  value  is  2  florins. 
It  retains  much  intermingled  slag,  and  is  divided  into  10  pieces, 
which  are  repeatedly  made  red  hot  and  hammered  out,  until  they  are 
sufficiently  purified  and  suitable  for  forging  into  sword  blades :  they 
lose  |  in  weight  by  this  treatment. 

From  the  last  statement  it  would  appear  that  the  lump  obtained  is 
natural  steel,  or  at  least  consists  of  a  mixture  of  steel  and  malleable 
iron.  I  have  omitted  many  of  the  details  in  Schwancr's  description, 
some  because  I  do  not  clearly  understand  them,  and  others  because 
they  would  be  superfluous  after  what  has  been  advanced  concerning 
the  Hindoo  method  of  proceeding,  to  which  that  of  Borneo  is  in  all 
essential  points  precisely  similar.  In  the  paper  by  Burns,  referred  to 
p.  274,  it  is  stated  that  44  to  make  the  iron  either  hard  or  soft  as  may 
be  required,  different  sorts  of  wood  are  made  use  of."  By  this  is 
probably  meant  that  light  or  dense  charcoal,  made  respectively  from 
light  or  heavy  wood,  is  employed  according  as  the  iron  is  desired  to  l>e 
less  or  more  steely.  If  so,  the  statement  is  probably  correct,  as  will 
appear  in  the  description  in  the  sequel  of  the  Catalan  furnace. 

Ikon-smelting  in  Africa. 

The  native**  of  the  interior  of  Africa  seem  to  have  attained  consider- 
able proficiency  in  the  extraction  and  manufacture  of  iron  by  the  direct 
process.  The  following  interesting  description  of  the  process  from  per- 
sonal observation  was  given  by  the  celebrated,  but  unfortunate  traveller, 
Mungo  Park.    1  insert  it  without  abridgment  or  alteration  :- 

"The  negroes  on  the  coast  being  cheaply  supplied  with  iron  from 
the  European  traders,  never  attempt  the  manufacturing  of  this  article 
themselves  ;  but  in  the  inland  parts  the  natives  smelt  this  useful 
metal  in  such  quantities  as  not  only  to  supply  themselves  from  it  with 
all  necessary  weapons  and  instruments,  but  even  to  make  it  an  article 
of  commerce  with  some  of  the  neighbouring  states.  During  my  stay 
at  Kamalia  there  was  a  smelting  furnace  at  a  short  distance  from  the 
hut  where  I  lodged,  and  the  owner  and  his  workmen  made  no  secret 
about  the  manner  of  conducting  the  operation,  and  readily  allowed  me 
to  examine  the  furnace  and  assist  them  in  breaking  the  iron-stone. 
The  furnace  was  a  circular  tower  of  clay,  about  10  ft.  high  and  3  ft.  in 
diameter,  surrounded  in  two  places  with  withes,  to  prevent  the  clay 
from  cracking  and  falling  to  pieces  by  the  violence  of  the  heat.  Hound 
the  lower  part,  on  a  level  with  the  ground  (but  not  so  low  as  the 
bottom  of  the  furnace,  which  was  somewhat  concave),  were  made 
seven  openings,  into  every  one  of  which  were  placed  three  tubes  of 
clay,  and  the  Openings  again  plastered  up  in  such  a  manner  that  no 
air  could  enter  the  furnace  but  through  the  tubes,  by  the  opening  and 
shutting  of  which  thev  regulated  the  fire.    These  tubes  were  formed 

i  '2 


Digitized  by  Google 


276 


IKON-SMELTING  IN  AFRICA. 


by  plastering  a  mixture  of  clay  and  grass  round  a  smooth  roller  of 
wood,  which,  as  soon  as  the  clay  began  to  harden,  was  withdrawn,  ami 
the  tube  left  to  dry  in  the  sun.    The  iron-stone  which  I  saw  was  very 
heavy,  of  a  dull  red  colour,  with  greyish  specks  ;  it  was  broken  into 
pieces  about  the  sizo  of  a  hen's  egg.    A  bundle  of  dry  wood  was  first 
put  into  the  furnace,  and  covered  with  a  considerable  quantity  of 
charcoal,  which  was  brought  ready  burnt  from  the  woods.    Over  this 
was  laid  a  stratum  of  iron-stone,  and  then  another  of  charcoal,  and  w> 
on  until  tho  furnace  was  quite  full.    The  fire  was  applied  through  one 
of  the  tubes,  and  blown  for  some  time  with  bellows  made  of  goats'  skins. 
The  operation  went  on  very  slowly  at  first,  and  it  was  some  hours 
before  the  flame  appeared  above  tho  furnace ;  but,  after  this,  it  burnt 
with  great  violence  all  the  first  night,  and  the  people  who  attended  it 
put  in  at  times  more  charcoal.    On  the  day  following  the  fire  was  not 
so  fierce,  .and  on  tho  second  night  some  of  the  tubes  were  withdrawn, 
and  the  air  allowed  to  have  freer  access  to  the  furnace  ;  but  the  heat 
was  still  very  great,  and  a  bluish  flamo  rose  somo  feet  above  the  top  of 
the  furnace.    On  tho  third  day  from  the  commencement  of  the  opera- 
tion all  tho  tubes  wero  taken  out,  tho  ends  of  many  of  them  being  vitrified 
with  the  heat ;  but  tho  metal  was  not  removed  until  some  days  after- 
wards,  when  the  whole  was  perfectly  cool.   Part  of  the  furnace  was  then 
token  down,  and  tho  iron  appeared  in  tho  form  of  a  large  irregular 
mass,  with  pieces  of  charcoal  adhering  to  it.    It  was  sonorous,  and 
when  any  portion  was  broken  otf  the  fracture  exhibited  a  granulated 
appearance,  liko  broken  steel.    Tho  owner  informed  me  that  many 
parts  of  this  cake  wero  useless  ;  but  still  there  was  good  iron  enough 
to  repay  him  for  his  trouble.    This  iron,  or  rather  steel,  is  formed 
into  various  instruments  by  being  repeatedly  heated  in  a  forge,  the 
heat  of  which  is  urged  by  a  pair  of  double  bellows,  of  a  very  simple 
construction,  being  made  of  two  goatskins,  the  tubes  from  which  unite 
before  they  enter  the  forge,  and  supply  a  constant  and  very  regular 
blast.    The  hammer,  forceps,  and  anvil,  are  all  very  simple,  and  the 
workmanship  (particularly  in  tho  formation  of  knives  and  spears)  is 
not  destituto  of  merit.    The  iron  indeed  is  hard  and  brittle,  and  re- 
quires much  labour  beforo  it  can  bo  made  to  answer  the  purpose."  * 

I  have  recently  received  from  my  friend  and  former  pupil,  Mr.  J.  J. 
Monteiro,  who  has  during  tho  last  few  years  been  engaged  in  mining 
and  metallurgical  operations  on  tho  West  Coast  of  Africa,  some  instru- 
ments of  iron  of  nativo  African  manufacture,  which  are  extremely 
creditable.  Dr.  Livingstone  mentions  the  fact  of  the  extraction  of 
iron  and  its  manufacture  into  instruments,  etc.,  by  the  natives  in  vari- 
ous parts  of  Africa  ;  and  has  presented  to  tho  metallurgical  collection 
at  tho  Museum  of  Practical  Geology  several  interesting  articles  of  iron 
in  illustration. 

I  may  hero  mention  incidentally  that  the  same  distinguished  and 
veracious  traveller  states  that  in  1708  iron  works  on  the  European 


J  Travels  in  the  Interior  DistrieU  of  Afriea.  By  Mungo  Turk,  Surgeon.  I»udon, 
1  /  99,  p.  283-5. 
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system  were  established  in  Angola,  near  the  confluence  of  the  rivers 
Luinha  and  Lucalla.  »'  Near  this  latter  point,"  he  writes,  4k  stand  the 
Strong,  massive  mins  of  an  iron  foundry,  erected  in  the  times  (17f»8) 
and  hy  the  order  of  the  famous  .Marquis  of  Pombal.  The  whole  of  the 
hnildings  were  constructed  of  stone,  cemented  with  oil  and  lime.  The 
flam  for  water-power  was  made  of  the  same  materials,  and  27  ft.  high. 
This  had  been  broken  through  by  a  flood,  and  solid  blocks,  many 
yards  in  length,  were  carried  down  the  stream,  affording  an  instruc- 
tive example  of  the  transporting  power  of  water.  There  was  nothing 
in  the  appearance  of  the  place  to  indicate  unhealthiness ;  but  eight 
Spanish  and  Swedish  workmen,  being  brought  hither  for  the  purpose 
of  instructing  the  natives  in  the  art  of  smelting  iron,  soon  fell  victims 
to  disease  and  *  irregularities. '  The  effort  of  the  Marquis  to  improve 
the  mode  of  manufacturing  iron  was  thus  rendered  abortive.  Labour 
and  subsistence  are,  however,  so  very  cheap  that  almost  any  amount  of 
work  can  be  executed  at  a  cost  that  renders  expensive  establishments 
unnecessary.  A  party  of  native  miners  and  smiths  is  still  kept  in  the 
employment  of  the  Government,  who,  working  the  rich  black  mag- 
netic iron-ore,  produce  for  the  Government  from  480  to  500  liars  of 
good  malleable  iron  every  month.  They  are  supported  by  the  appropri- 
ation of  a  few  thousands  of  a  small  fresh-water  fish,  called  4  cacusu,' 
a  portion  of  the  tax  levied  upon  the  fishermen  of  the  Coanza.  This 
fish  is  so  much  relished  in  the  country  that  those  who  do  not  wish  to 
eat  them  can  easily  convert  them  into  money.  The  commandant  of 
the  district  of  Massangano,  for  instance,  has  a  right  to  a  dish  of  three 
hundred  every  morning  as  part  of  his  salary."  * 

This  singular  mode  of  payment  will  rather  surprise  our  smelters  and 
forgemen,  who  perhaps  would  prefer  something  which  in  their  opinion 
would  be  more  substantial,  oven  in  the  fervid  climate  of  Africa. 

IliON-SMKLTING  IN  MADAGASCAR. 

In  this  island  the  direct  process  is  followed,  and  has  evidently  at- 
tained considerable  development.  I  have  acquired  my  information  on 
the  subject  from  the  work  of  the  intelligent  and  well-known  mis- 
sionary the  Rev.  William  Ellis,  author  of  'Polynesian  Kescarchcs.' • 
Iron-ore  of  excellent  quality  abounds  in  the  central  provinces  around 
the  capital ;  and  so  rich  is  it  in  one  of  the  mountains,  Ambohimian- 
gavo,  that  it  is  called  the  Iron  mountain.  Tho  ore  is  so  abundant 
at  the  surface  that  the  soil  has  seldom  been  penetrated  more  than 
a  few  feet  in  depth.  The  natives  have  been  for  many  generations 
accustomed  to  the  use  of  iron.7    Their  smelting  furnaces  are  always 


4  Missionary  Travels  and  Researches  in  known  former  Governor  of  Singapore,  in- 

Sonth  Africa.   By  David  Livingstone,  etc.  forms  me  that  the  Malagasy  word  for  iron 

London,  1857,  p.  402.  is  nearly  the  same  as  the  Malay  word  ;  and 

*  Three  Visits  to  Madagascar  during  for  this  and  other  reasons  he  is  of  opinion 

the  Years  1853,  1854-1856.    By  the  Uev.  that  the  art  of  smelting  iron  in  Madagascar 

William  Ellis.    London  :  John  Murray,  is  of  Malay  origin.    This  art,  ho  further 

1858,  p.  264.  informs  me,  is  generally  known  and  prac- 

'  My  friend,  Mr.  Crawford,  the  well-  tised  throughout  the  Indian  Archipelago. 


Digitized  by  Google 


1>78 


< 'ATA LAN  PKOCKSS. 


fixed  near  a  stream ;  ami  the  ore  when  collected  in  large  pieces  is 
broken  small,  and  freed  from  earthy  matter  by  frequent  washings. 
The  walls  of  the  furnaces,  which  are  usually  sunk  2  or  3  ft.  in  the 
ground,  are  made  of  stones,  and  covered  outside  with  clay.  A  small 
quantity  of  fuel  is  kindled  at  the  bottom  of  the  furnace,  which  is 
then  filled  with  ore,  either  mixed  with  charcoal  or  in  alternate  layers, 
after  which  it  is  covered  at  the  top  with  a  thick  coating  of  clay.  The 
blast  is  supplied  by  two  pairs  of  pistons,  working  in  wooden  cylinders, 
generally  a  part  of  a  tree  hollowed  out.  From  the  bottom  of  each 
cylinder  a  tube  formed  by  a  bamboo,  or  an  old  gun-barrel,  is  inserted 
into  a  hole  through  the  stones  around  the  furnace.  After  the  contents 
of  the  furnace  have  for  some  time  been  kept  at  a  white  heat  it  is  left 
to  cool,  and  when  opened  the  iron  is  found  in  lumps  at  the  bottom. 
In  this  state,  as  well  as  after  having  been  reheated  and  hammered  out 
into  bars  or  rods,  it  is  taken  to  the  government  stores,  or  to  the  market 
f.»r  sale. 

The  forge  of  the  native  smith  is  a  very  simple  affair.  The  earthen 
floor  of  his  house  forms  the  hearth  for  his  fire,  which  is  kept  together 
bv  three  or  four  stones.  The  bellows  consist  of  two  wooden  cvlinders 
with  pistons,  similar  to  those  which  supply  the  blast  furnace.  The 
anvil,  which  is  about  (3  in.  square  and  (J  high,  is  let  into  a  thick 
piece  of  wood  fixed  in  the  ground,  with  the  water-trough,  tongs, 
hammers,  and  other  tools  near  it.  The  smith  squats  on  a  board  on  the 
floor,  and  his  assistants  sit  or  stand  opposite  to  him  with  sledge- 
hammers in  their  hands  ready  to  strike  when  requirod. 

Mr.  Ellis  has  illustrated  his  description  with  an  engraving,  which, 
though  deficient,  in  working  details  of  interest  to  the  metallurgist, 
doubtless  presents  a  faithful  general  impression  of  Madagascar  iron- 
woiks. 

Catalan  Frocks-*. 

This  process  derives  its  name  from  the  province  of  Catalonia  in  the 
North  of  Spain,  where,  probably,  it  was  first  introduced  into  W  estern 
Europe.  Until  a  recent  period  it  was  extensively  practised  in  the 
South  of  France,  especially  in  the  department  of  Ariogo,  which  is  sepa- 
rated from  Catalonia  by  the  Pyrenees.  An  establishment  containing 
furnace  and  other  necessary  accessories  is  termed  "forge  Catalan*" 
by  the  French,  and  accordingly  in  the  succeeding  pages  I  shall  use 
the  term  Catalan  forge  in  tho  same  sense.  The  literature  on  this 
subject  is  pretty  copious :  but  1  have  chiefly  derived  my  information 
respecting  the  process  from  the  elaborate  treatises  of  Richard  and 
Francois."  I  shall  avail  myself  freely  of  the  labours  of  these  authors, 
and  shall  not  hesitate  to  introduce  literal  translations  of  ent  ire  passages 


H  Ktndes  Hiir  I  art  •restrain*  immediate-  gisetnent  et   le    tniitemeiit   direct  do* 

ment  le  (Vr  de  s* n  m'nerais  sans  eotivertir  minerals  do  fur  dams  les  Pyrenees,  j»ir- 

le  metal  en  font.-.    Par  T.  Richard.  4to.  tieulivremont   dans    I'Arifae.     Par  M. 

pp.  :$70,  with  folio  atlas  of  0  lithographic  Jules  Francois.    4to.  pp.  404.  with  atlns 

plates.    Pari*.  1888,    Recherehes  sur  le  of  10  copper-plates.    Paris,  1813. 
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or  even  paragraphs  from  their  works.  A  Catalan  forge  is  a  very  small 
and  insignificant  thing  compared  with  a  modern  iron-work,  in  1845 
1  was  at  Cierp,  in  the  Pyrenees,  and  passed  by  the  forge  de  Guran, 
situate  at  a  short  distance  up  the  valley  leading  to  Bagneres  de  Luehon, 
without  at  first  being  aware  of  its  existence,  though  actually  in. search 
of  it 

A  Catalan  forge  consists  essentially  of  a  furnace,  a  blowing  machine, 
and  a  heavy  hammer ;  and  if  the  blowing  machine  railed  the  M  trompe  " 
bo  employed,  the  forge  should  be  erected  in  a  locality  where  a  fall  of 
water  from  a  considerable  height,  from  11  to  12  feet  at  least,  may  be 
secured.  Brown  haematite  not  too  compact  is  the  ore  usually  preferred, 
but  spathic  ores  and  compact  hamiatite,  brown  or  red,  are  also  treated. 
The  fuel  is  invariably  charcoal.  The  choice  of  a  site  must  be  deter- 
mined with  reference  to  local  circumstances  ;  and  some  of  the  Pyrenean 
valleys  are  in  all  respects  suitable.  If  a  fall  of  water  from  a  consi- 
derable height  cannot  be  obtained,  the  trompe  must  be  replaced  by 
some  other  blowing  machine. 

Historical  documents  exist  which  prove  that  the  direct  process  of 
extracting  iron  was  practised  in  the  French  Pyrenees  so  long  ago  as  1 203, 
and  has  been  ever  since  in  operation.'  But  it  is  probable  that  it  was 
established  in  the  same  locality  long  anterior  even  to  that  remote  period. 
Originally  it  appears  to  have  been  conducted  on  a  very  small  scale, 
like  that  of  the  native  Hindoo  iron-smelters  of  the  present  day.  In 
1823,  at  Bielsa,  in  Aragon,  in  the  Spanish  Pyrenees,  nearly  opposite 
to  Bagneres  do  Luehon,  some  charcoal-burners  discovered  in  a  forest 
of  silver  firs  a  small  circular  iron  furnace  only  0m  K.">  (2  ft.  1-50  in.) 
high.  The  lower  part  or  hearth  was  cylindrical  up  to  the  height  of 
0ro30  (about  11-81  in.)  and  then  terminated  in  an  inverted  truncated 
cone;  its  diameter  was  0,n36  (1425  in.)  at  the  lower,  and  0m  48 
(1*60  in.)  at  the  upper  part ;  it  had  two  twyer  beds  at  CP  30  (11-81  in.) 
from  the  bottom.  Near  the  furnace  were  found  two  crude  lumps  of 
iron,  in  the  state  in  which  they  appeared  to  have  l>een  taken  out,  and 
which  weighed  from  14  to  10  kil.  (30-9  to  35*3  lbs.)  According  to 
tradition  the  blast  in  these  furnaces  was  produced  with  bellows  of  skin 
worked  by  hand.  Accumulations  of  ancient  slags  are  met  with  at  high 
elevations  in  the  Pyrenees,  far  from  any  water-course,  and  which, 
doubtless,  were  urged  by  a  blast  produced  by  manual  labour.8 

The  furnace  in  use  early  in  the  17th  century  in  the  Spanish  pro- 
vinces of  X  a  vane  and  (iuipuzcoa,  and  on  the  French  frontier  on  the 
bank  of  the  Bidassoa,  was  a  shallow  oval  cavity  or  hearth  wider  at  the 
top  than  the  bottom,  so  that  it  had  the  form  of  a  flattened  inverted 
truncated  cone.  There  was  only  one  twyer,  which  projected  down- 
wards and  inwards  over  the  middle  of  one  of  the  long  sides  of  the 
oval.  The  furnace  was  of  masonry,  bound  with  hoops  of  iron,  and  fixed 
in  a  copper  vessel  to  protect  it  from  wet.  Francois  considers  this  as  the 
transition  stage  from  the  primitive  to  the  modern  Catalan  furnace." 


1  For  the  following  historical  notices  1  am  indebted  to  the  compendious  work 
Francis.  2  Francois,  p.  Ml 7.  1  Owl. 
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From  the  middle  of  the  17th  century  in  the  department  of  Ariege  the 
furnaces  were  made  more  or  less  rectangular  and  wider  at  the  upjver 
part  in  order  to  increase  the  charge  of  ore,  and  for  a  long  period  the 
lower  part  continued  cylindrical.  The  discovery  not  very  long  ago 
of  the  remains  of  furnaees  in  one  of  the  high  valleys  in  the  French 
Pyrenees  indicates  that  at  the  beginning  of  the  18th  century  the  fur- 
naces had  sensibly  the  same  form  as  those  of  modern  construction  in 
the  valley  of  Tech  (Wallcspire)  in  the  Eastern  Pyrenees.  They  were 
quadrangular  and  rounded  off  at  the  angles,  om  4,i  (1  ft.  4*98  in.)  wide, 
0"  49  (1  ft.  7-29  in.)  deep,  and  0  "  52  (1  ft.  8  48  in.)  high.  Each  ope- 
ration lasted  f>  hours,  and  yielded  from  60  to  80  kil.  (Ki2  to  17(>  lbs.)  of 
bar  iron.  During  a  long  period  the  twyer  continued  to  be  fixed  at 
from  0m  23  to  0m  32  (9  ft.  0o  in.  to  12-00  in.)  from  the  bottom,  with  an 
inclination  of  from  35J  to  403  with  the  horizon  ;  and  it  was  only 
towards  the  end  of  the  18th  century  that  it  was  raised  to  the  height  of 
0'"  52  (1  ft,  8-48  in.),  having  still  an  inclination  of  85°.  By  this  altera- 
tion the  yield  per  furnace  was  increased  to  from  120  to  1.50  kil.  (204*6  to 
:W0-7  lbs.)  of  bar  iron.*  This  record  is  extremely  instructive,  as  show- 
ing what  important  practical  results  may  sometimes  be  produced  by 
very  slight  changes.  In  studying  the  history  of  the  Metallurgy  of 
Inm  in  the  sequel  we  shall  meet  with  far  more  striking  illustrations  of 
the  same  truth.  Indeed,  it  may  confidently  be  affirmed  that  in  one 
instance  an  innovation  apparently  of  the  most  trivial  kind  has  influ- 
enced the  destinies  of  the  human  race.  I  allude  to  the  introduction  of 
iho  hot  f>last%oi  which  the  marvellous  effects  will  be  fullv  detailed  here- 
after.  The  moral  which  the  metallurgist  should  learn  from  facts  like 
these  is  never  to  disregard  changes  because  they  may  at  first  appear 
small  and  unimportant. 

The  blast  in  the  early  furnaces  was  produced  by  two  bellows  work- 
ing alternately;  and,  according  to  Francois,  it  was  not  until  the  end 
of  the  17th  century  that  the  tivmjH!  was  first  employed  in  the  Pyrenees. 

The  hammer  was  small,  and  worked  by  man-power.  It  was  con- 
structed on  a  similar  principle  to  that  presently  to  be  described. 

Annexed  is  on  engraving  of  an  old  Biscayan 
'        a  hammer,  still  preserved.    It  is  made  of  iron, 
and  acted  only  by  its  weight;  it  moved  up 
^[  .  jj,  and  down  on  a  pivot  at  />,  and  was  raised  by 

/  ,  lifting  the  head  /*.    Such  hammers  weighed 

Fl*  IS.  A!***!  BiScayan  limner.  from   1200  t0   1000  kil«  Cach>      *  aW  X\ 

ton. 

Composition  of  ore. — All  the  ore  treated  in  the  forges  of  the  depart- 
ment of  Ariege  is  derived  from  the  mines  of  Kancie,  a  mountain  in  the 
little  valley  of  Sem,  at  about  2000  metres  from  Vicdessos.  The  ore 
occurs  in  secondary  limestone  resting  on  granite.  These  mines  are  of 
great  antiquity.  The  following  analyses  of  ores  which  have  been 
treated  with  advantage  in  the  Catalan  furnace  in  the  Pyrenees  are 
inserted  by  way  of  illustration  : — 


~*      _  P 


*  Op.  cit.  p.  319. ' 
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1. 

2. 

3. 

02*474 

C5-50 

04-00 

reroxiao  01  nunguim 

3-00 

*-»  W 

8*20 

2*790 

5-00 

3-50 

0-45 

0-H0 

1014 

1-30 

1-20 

«r»  *  i  * 

14*715 

11-40 

10-50 

12  112 
0  137 

calcmation j 

14-50 

100-000 

99-85 

100-70 

43-752 

45-87 

44-82 

>io.  1.  By  Bichard.5  Average  composition  of  tho  usual  charge  of 
12  quintals  (487  kil.)  of  ore,  consisting  of  lumps  and  small  ore 
(fjreiUade),  during  the  years  1833,  1834, 183.r>.  Nos.  2,  3.  By  Francois." 
No.  2.  Averago  composition  deduced  from  two  analyses  of  tho  mixture 
of  ores  taken  in  1841  from  the  forges  of  Vicdessos,  Niaux,  Lacour, 
and  Mas-d'Azil.  No.  3.  do.,  in  1842.  According  to  Francois  these 
varieties  of  ore  gave  a  yield  which  in  some  establishments  amounted 
to  32*78  °/0,  and  was  pronounced  good)  though  tho  loss  of  iron  was  not 
less  than  from  12  to  1.3  °/Q.  On  inspecting  the  foregoing  analyses,  it  will 
be  perceived  that,  there  must  be  a  considerable  quantity  of  free  silica. 

The  hydrated  oxides  which  are  pulverulent,  porous,  or  but  slightly 
compact,  may  be  directly  introduced  into  the  furnace;  but  spathic 
ores  or  such  as  contain  much  carbonate  of  lime,  and  the  rich  compact 
brown  haematites,  require  a  preparatory  treatment.  For  compact 
hydrated  oxides  or  slightly  calcareous  varieties,  simple  calcination 
suffices;  but  anhydrous  and  siliceous  oxides  should  bo  disaggregated 
by  heating  to  redness,  quenching  in  water,  and  afterwards  leaving 
them  exposed  to  the  air  during  some  months.  Francois  states  that  by 
this  means  the  ores  become  slowly  and  in  a  very  great  degree  hydrated, 
especially  if  the  process  of  heating,  quenching,  and  exposure  be  repeated 
two  or  three  times. 

Calcination  may  be  effected  in  square,  circular,  or  oval  kilns  of  brick 
from  lm  70  to  2m  30  (5  ft.  C-9  in.  to  7  ft.  6*55  in.)  high,  and  from  2m  00 
to  2™  50  (6*  ft.  0*74  in.  to  8  ft.  2*43  in.)  in  internal  diameter.  From 
300  to  400  metrical  quintals  (from  30  to  40  tons)  of  ore  arc  piled  in 
alternation  with  layers  of  wood,  (i  stores  (1  stere  =  I  cub.  metre)  if  dry, 
and  7*50  if  green.  In  the  former  case  calcination  will  last  2,  and  in  the 
latter  3  days.7  Care  must  always  be  taken  so  to  moderate  the  tem- 
perature as  to  prevent  "  coagulation  "  that  is,  incipient  fusion  of  the  ore, 
whereby  the  object  of  the  process — which  is  that  of  loosening  tho  sub- 
stance of  the  ore  and  rendering  it  pervious  to  tho  gases  of  the  furnace 
— would  be  entirely  defeated. 

Francois  states  that  he  obtained  excellent  results  from  an  ore  contain- 
ing iron-pyrites  by  gently  roasting  it  two  or  three  times,  and  afterwards 
leaving  it  exposed  to  the  air  and  the  action  of  percolating  water."  Tho 
sulphur  is  thus  in  great  measure  removed  in  the  state  of  sulphate  of  iron. 


•  Op.  cit.  p.  107.         6  Op.  cit.  p.  138.         7  Op.  cit.  p.  258.        *  Op.  oit.  p.  2">G. 
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According  to  Richard  every  iron  ore  containing  about  50c/o  of  iron 
and  free  from  noxious  ingredients,  which  occurs  in  a  compact  state  h> 
that  it  may  be  procured  in  lumps,  and  especially  is  either  porous  or 
may  be  rendered  so  by  roasting,  is  adapted  for  treatment  by  the  direct 
method.  But  of  all  ores,  nono  are  better  suited  for  this  method  than 
compact  brown  haematites,  which  lose  their  water  of  combination  by 
heat,  and  become  more  or  less  disintegrated. 

I  'nrnace. — It  consists  simply  of  a  four-sided  cavity  or  hearth  {creuset). 
It  is  contained  within  a  building,  and  iR  always  placed  against  one 
of  the  main  walls,  from  which  Jt  is  separated  only  by  a  little  wall, 


V'ift.  13.  Tnnnpe  Afld  Kumnr«v    J/itigltmlinal  vntlcnl  $rc»l«.n. 


Ktjfc  Ltd.  l  ino  and  Furnwe.  Plan. 


r,  fig.  13  (//iVc/i  (Vel foe).  It  varies  in  dimensions  not  only  in  different 
forges,  but  even  in  the  same  forge  at  different  times  ;  for  although  the 
managers  may  insist  upon  the  importance  of  exact  proportions,  yet  it 
is  in  reality  built,  by  rule  of  thumb,  and  has  frequently  been  found 
to  deviate  considerably  from  the  dimensions  prescribed."  The  four 
sides  will  be  designated  by  the  numbers  1,  2,  3,  4  respectively, 
counting  towards  the  left.  No.  1  is  the  front  side,  L  L,  fig.  l^a  (fa 
main,  k  laitaM');  No.  2  is  the  left  side,  on  which  the  blast  enters,  T 


9  Rfcliawl,  p.  230. 
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( cote  fit  porgei)  ;  No.  3  is  the  back,  C  C  (la  c<nv)  ;  and  No.  4  is  the  right 
Klde,  U  (f  ore  on  confrere  id). 

Side  No.  I.  It  is  vertical,  and  generally  formed  of  two  strong  pieces 
of  iron,'  0™  07  to  0"08  (2-76  in.  to  3'15  in.)  thick,  0"  1,5  to  <>m  20 
(5*91  in.  to  787  in.)  broad;*  they  sink  into  the  ground  below  the 
floor  from  abont  0m  20  to  0"'25  (7'87  in.  to  0  84  in.),  and  rise  above 
the  floor  0™  52  ( 1  ft.  8'48  in.).  Between  those  two  pieces  a  space  is 
left,  about  0*06'  (2*36  in.)  wide/  which  below  receives  another  piece 
of  iron  (k  respalme).  This  piece  does  not  sink  quite  so  much  below 
the  floor  level  as  the  other  two  pieces,  and  it  only  rises  to  the  height 
of  a  few  centimetres  ((VOl  =  0*39  in.)  above  the  floor:  it  serves  as  a 
fulcrum  for  an  iron  bar  which  is  used  in  raising  the  lump  of  reduced 
ir«>n  from  the  bottom.  All  the  rest  of  the  space  is  filled  up  with  clay 
or  other  suitable  mixture  (terre  h  fourneau).  It  is  in  the  lower  part  of 
this  space  that  openings  are  m  ule  for  the  escape  of  the  slag.  Such  an 
opening  (le  chio)  is  shown  in  fig.  14.    Tpon  the  upper  faces  of  the  two 


*>jr.  I  J.     Vi.  a  oi  u  Furn.icv,  >t)<>ult)g  iba  mod*  <»i  niUliig  up  I  Ik  lump  ul  reduced  u<'n  or  tmtste.  {*  • 

Ifmwn  by  JiMtjIM  Inun  n  sketch  l»y  IttcbnitL 

vertical  pieces  of  iron  forming  No.  1  (laitairoles)  is  placed  horizontally 
a  strong  piece  of -iron  (la  jrfie),  which  passes  into  the  wall  on  the  left, 
and  is  supported  by  the  opposite  wall  on  the  right.  It  should  be 
firmly  fixed,  as  it  is  exposed  to  lough  heatment  during  the  working 
of  the  furnace ;  on  the  left  it  is  let  into  the  />tW7<  tCel  /or,  and  on  the 
right  it  is  kept  in  its  position  by  an  <»ld  hammer-head,  see  fig.  14,  or 

1  When  the  term  iron  is  used,  vcrunghi  been  neglected. 

r»r"l  not  co»/  in»n  fa  intended.  3  Francois  gives  the  width  of  the  space 

:  In  reducing  the  French  to  English  as  0*19  (7-48in.):  and  in  other  dimensions 

measures  small  fractions  of  an  inch  linvt!  he  docs  not  qnite  ngroe  with  Eticlinrd. 
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heavy  round  stono  hooped  with  iron,  Hee  fig.  10,  7.  On  the  outside  of 
the  plie  two,  and  sometimes  three,  wide  kinds  of  iron  are  fixed,  so  jus  to 
form  a  plane  (la  banquette)  inclining  towards  the  interior  of  the  hearth, 
of  which  the  acute  angle  never  exceeds  10°;  and  the  total  length  from 
front  to  back  is  generally  about  0m40  (1  ft.  3-75  in.).  The  width  of 
this  plane  is  about  l"15  (:5  ft.  0*28  in.)  on  the  outside,  and  0«"  80.5 
(2  ft.  7*52  in.)  on  the  inside  of  the  furnace.  The  space  between  the 
luitairoks,  resjxilme,  and  plie  is  stopped  with  clay,  in  which  openings 
may  be  made  to  tap  off  the  slag. 

Side  No.  2.  It  is  composed,  below  the  twyer,  of  rectangular  pieces 
of  iron  (jyorfjes)  placed  one  over  the  other,  forming  a  vertical  wall  ; 
and,  altove  the  twyer,  of  rough  stone-work  (jtaredou),  sec  fig.  13.  The 
cross-section  of  these  blocks  is  from  0,n12  to  0m  15  (5  in.  to  6  in.)  on 
the  side.  The  twyer  rests  upon  the  uppermost  block  of  iron,  and 
passes  through  a  small  arched  opening  in  the  pitch  (Tel  /be,  about  0m  «r>0 
(1  ft.  7*69  in.)  from  the  bottom  of  No.  2  (ks  parget). 

Side  No.  3.  It  consists  wholly  of  6tone-work  set  in  clay,  and  in  this 
respect  differs  from  the  other  three  sides.  It  is  not  vertical,  like 
No.  1,  but  always  inclines  backwards  about  9°  from  the  ]>erpendicular, 
from  its  base  to  the  top  of  No.  4,  whence- it  rises  vertically.  Jts  base 
is  sensibly  parallel  to  that  of  No.  1,  and  the  dihtance  between  the  two 
sides  at  this  part  is  0m  C>0  (1  ft.  11*62  in.).  Its  total  height  varies  from 
about  lm  50  to  2m  (from  4  ft.  11 -00  in.  to  <»  ft.  0-74  in.).  In  the  course  of 
working  this  side  becomes  more  or  less  hollowed  out ;  and,  according  to 
Francois,  it  is  purposely  made  of  a  material  which  will  allow  the  hearth 
to  be  extended  in  this  direction  under  the  influence  of  the  blast.* 

Side  No.  4.  It  is  composed  of  several  strong  pieces  of  iron  resting 
against  stonework  externally.  The  upper  ones  may  Vk>  made  of  cast- 
iron.  It  is  curved,  and  inclines  considerably  outwards,  especially  at 
the  upper  part.  At  the  base  it  is  sensibly  parallel  to  No.  2.  The 
distance  from  the  bottom  of  No.  2  to  that  of  No.  4  is  about  0"  61 
(2  ft.  01  in.).  The  bottom  of  the  furnace  is  very  nearly  a  rectangle, 
of  which  Nos.  2  and  4  always  exceed  the  other  two  sides  by  a  few 
centimetres  (0m  01  =  0*39  in.).  The  furnace  should  not  be  quite  square 
with  the  wall  M  M,  see  fig.  19,  but  should  bo  turned  slightly  round 
towards  the  right,  so  that  the  end  of  No.  1  at  the  bottom  is  brought 
about  0m03  (1  ft.  18  in.)  forward,  and  the  end  of  the  bottom  of  No.  2, 
where  it  joins  No.  3,  is  advanced  about  the  same  distance  towards  the 
right.  The  ends  of  the  pieces  of  iron  forming  three  sides  of  the  furnace 
pass  in  a  greater  or  less  degree  into  tho  sides  with  which  they  are 
respectively  in  contact,  thus  giving  solidity  to  the  whole  structure. 

The  bottom  of  tho  furnace  is  formed  of  a  refractory  stone,  such  as 
granite,  gneiss,  mica-schist,  sandstone,  or  even  limestone.  It  must  not 
bo  too  large  to  admit  of  its  being  taken  out  and  replaced  by  a  fresh 
one.  Its  upper  surface  should  be  flat,  or  by  preference  somewhat 
concave.  These  stones  last  from  6  hours  to  3  or  6  months,  and  some- 
times longer ;  but  this  depends  on  tho  skill  of  the  furnace  man. 

*  Op.  cit.  p.  2K4. 

Digitized  by  Google 


FURNACE  —  TWYER  —  TROMPE. 


285 


The  furnace  should  rest  on  a  solid  and  dry  foundation,  and  bo 
secured  from  inundation  by  floods,  which  are  apt  to  occur  in  moun- 
tainous valleys.  The  bottom  stone  rests  upon  a  bed  of  pounded  slags 
and  clay  brasque,  from  O"  40  to  0m  58  (from  1  ft.  3-75  in.  to  1  ft. 
10-84  in.)  in  thickness;  and  below  this  is  a  large  stone,  generally  an 
old  mill-stone. 

None  of  these  furnaces  aro  provided  with  chimneys,  but  there  is  a 
hole  4  or  5  metres  square  (13  ft.  or  14  ft.)  in  tho  roof  above  for  the 
escape  of  the  gaseous  products  of  combustion. 

Txcytr. — It  is  a  somewhat  flattened  conical  tube  of  copper,  0m  48 
(1  ft.  G-90  in.)  long,  formed  by  simply  bending  a  plate  and  bringing 
the  edges  in  contact  without  soldering  them  together.  At  its  wide 
end,  and  on  its  upper  surface,  the  edges  of  tho  plate  of  copper,  out  of 
which  it  is  formed,  aro  separated  by  a  considerable  space,  and  gradu- 
ally approximate  till  they  meet  at  0m  75  (2  ft.  553  in.)  from  that  end  : 
the  section  of  the  tube  at  this  point  is  a  little  ellipse,  of  which  tho  axes 
are  0"  10  and  0"  08  (3*(.»4  in.  and  3*15  in.).  At  the  wide  end  its 
vertical  or  short  diameter  is  0m  13  (5-12  in.),  and  its  transverse,  or 
long  diameter,  is  0m23  (9*05  in.).  The  thickness  of  the  copper  form- 
ing the  twyer  increases  from  about  0ra002  (0  08  in.)  at  the  wide  end  to 
0o,008  or  0*013  (0-31  in.  to  0-51  in.)  at  the  small  end.  The  small 
end  is  slightly  bevilled,  forming  an  upper  lip,  projecting  over  tho 
lower  one  from  0ra01  to  0ro  02  (0-04  in.  to  0-08  in.).  Tho  orifice  at 
this  end  is  a  sort  of  imperfect  rectangle,  of  which  the  great  side  is 
horizontal,  and  is  about  0™  042  (1*66  in.),  the  other  being  about  0ro  033 
(1-30  in.)  in  length.  But  it  is  hardly  necessary  to  remark  that  tho 
dimensions  and  form  of  tho  orifico  are  liable  to  considerable  variation 
in  the  course  of  working.  Tho  inclination  of  the  long  axis  of  the 
twyer  with  the  horizon  is  about  40°.,  The  projection  of  the  twyer  into 
the  furnace,  measured  from  the  upper  lip  in  the  lino  of  tho  twyer  to 
the  wall  on  No.  2  side,  is  about  0"  225  (8'8f>  in.)  :  with  strong  charcoal 
it  is  made  to  project  further  than  with  light  charcoal.*  Tho  direction 
of  the  twyer  is  almost  always  more  or  less  towards  side  No.  3.  A 
vertical  plane  passing  through  the  axis  of  tho  twyer  does  not  bisect 
tho  bottom  into  two  equal  parts,  but  invariably  approximates  nearer  to 
side  No.  3  than  side  No.  1. 

The  distance  between  the  nozzle  of  the  blast-pipe  and  tho  orifice  of 
the  twyer  ranges  from  0m30  to  0m  53  (11-81  in.  to  1  ft.  8-87  in.). 
When  the  blast-pipe  does  not  penetrate  far  enough  into  the  twyer,  tho 
latter,  being  no  longer  sufficiently  cooled,  is  liable  to  bo  melted,  espe- 
cially if  the  blast  is  feeble. 

A  considerable  quantity  of  air  (often  with  tho  velocity  of  2m00  per 
second)  may  enter  tho  furnace  through  tho  space  between  tho  twyer 
and  the  blast-pipe,  being  drawn  in  by  the  current  of  air  from  the  latter. 

Tromjx. — With  one  or  two  exceptions  this  was  tho  only  kind  of 
blowing  machine  employed  in  the  Catalan  forges  of  the  Department  of 
Ariege.'    It  is  said  to  havo.  been  invented  in  Italy  in  1640.    It  is 
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a  simple,  effective,  and  ingenious  contrivance  fur  producing  a  continu- 
ous and  equable  blast ;  but  its  use  is  restricted  to  localities  where  a 
fall  of  water  from  the  height  of  several  yards  can  be  obtained. 

1 1  consists  of  a  strong  cistern  of  wood  ( paicheroii)  capable  of  holding 
about  10  cubic  metres,  or  about  10  tons  of  water,  15,  figs.  15,  1»> ;  of  a 
wooden  case,  or  wind-chest,  C  ;  and  generally  of  two  vertical  pij>es  or 
trees  Qtrbres),  A  A,  connecting  B  and  C  together. 

The  trees  A  A  are  contracted,  or  throttled,  at  the  top  by  two  flat 
pieces  of  wood,  h  (etrcuiguffloiu),  which  are  kept  in  their  j>osition  by 
transverse  bars  of  wood,  c,  and  supported  by  wedges  on  the  outside : 
see  fig.  15.  A  narrow  rectangular  throat,  h,  is  thus  formed  at  the  top 
of  each  tree ;  and  immediately  below  this,  in  the  sides  of  the  tree,  are 
two  similar,  rectangular,  and  opposite  holes,  or  aspirators,  e  e  (ayri- 
rateurs),  which  incline  inwards  and  downwards  at  an  angle  of  40°  or 
50°  with  the  horizon. 

The  wind-chest,  C,  is  a  trapezoidal  wooden  case;  in  its  upper  and 
broad  end  the  trees  are  inserted,  and  in  the  opposite  or  narrow  end  a 
quadrangular  vertical  pipe,  p  (/Viomme),  is  fixed.  To  this  is  attached  a 
muzzle,  o  (Jntrle),  which  is  connected  by  means  of  a  sheepskin  tube,  r 
(bourec),  with  the  blast-pipe,  a-  (canon  ik  hmrcc),  generally  of  iron,  but 
sometimes  of  copper.  String  is  tied  round  the  joints,  and  twisted  tight 
by  a  little  lever  of  wood  :  see  fig.  ID.  Behind  the  pipe,  />,  there  is  an 
opening  to  allow  a  man  to  pass  into  the  interior  to  effect  repairs.  It 
is  closed  with  a  lid,  which  is  kept  in  its  place  by  an  inclined  prop 
resting  against  />.  At  the  bottom  on  one  side  is  an  opening,  rr,  for  the 
exit  of  water,  and  it  is  stated  that  trompe  carpenters  have  considerable 
difficulty  in  regulating  the  size  of  this  opening  so  that  the  proper 
quantity  of  water  may  escape.  But,  as  Richard  remarks,  this  difficulty 
might  readily  be  overcome  by  adjusting  a  sliding  door  to  the  opening 
in  question.  There  is  a  strong  platform  of  wood  extending  from  side 
to  side,  /  (Uinfjuette),  immediately  under  the  trees.  In  the  upper  sur- 
face of  this  platform  a  flat  stone,  or  plate  of  cast-iron,  m,  is  inserted. 
This  is  intended  to  protect  the  wood  from  the  wear  which  it  would 
sutler  if  the  water  falling  from  a  considerable  height  through  the  trees 
were  allowed  to  impinge  direeth  upon  it. 

Operation  of  the  trom/te. — On  raising  the  wedges,  </,  water  rushes 
down  the  trees,  A  A,  when  air  is  immediately  drawn  in  through  the 
holes,  ec,  and  thus  the  wind-chest,  C,  is  supplied  with  a  mixed  and 
continuous  current  of  water  and  air.  The  water  escapes  below 
through  the  side  opening,  //,  and  the  air  above  through  the  pipe, 
It  is  obvious  that  C  should  always  contain  a  stratum  of  water  of  suffi- 
cient depth  to  close  the  opening,  m,  for  otherwise  air  as  well  as  water 
would  escape  faun  it.  Fig.  18  shows  plainly  how  this  condition  may 
be  secured  on  the  principle  of  the  common  bird-cage  fountain.  The 
Reparation  of  the  water  from  the  air  is  greatly  promoted  by  the  plat- 
form,/.  There  is  reason  to  believe  that  a  very  large  amount  of  air 
does  sometimes  escape  along  with  the  water.7 

'  Kit-hard,  p.  •*»:■$. 
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front  view  of  lu«rr 


rrwmjie.   Krwiil  elevation.   All  the  *oodcnU  are  copied  tiom  lUdiard'a  plates  of  l.w 
iroiope  at  MontgaillaH  ( Ariege).   The  right  half  to  shown  in  section. 
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$j)ecial  details  of  construction. — The  trees,  A  A,  are  made  as  follows  : —  . 
A  straight  stem  is  sawn  longitudinally  into  two  equal  parts,  and  the 
flat  side  of  each  of  these  is  hollowed  out.  The  two  halves  are  then 
put  together  in  their  original  position,  firmly  fastened  by  iron  rings, 
and  well  caulked  :  see  7777,  fig.  15.  The  cross  section  of  the  cavity 
of  these  trees  is  generally  square,  0m  189  (7-44  in.)  on  the  side  when 
the  fall  is  very  high,  as  at  Montgaillard,  hut  0TO  210  (8*50  in.)  wheu 
the  fall  is  feeble.    Some  trompes  have  trees  with  cylindrical  cavities. 

The  aspirators,  ee,  are  0"  08  (3-15  in.)  wido  by  0m05  (1-97  in.)  deep. 
In  the  trees  of  the  trompe  represented  in  fig.  15  were  other  aspirators, 
2m  10  (7  ft.  0  »3H  in.)  below  tho  upper  ones  :  these  were  square  in 
section,  0m  04  (1*58  in.)  ;  water  frequently  flowed  back  through  them, 
and  always  with  intcmiittence.    Kichard  states  that  according  to  his 


Fig.  16.  Water  Ci-ti-rn.    Longitudinal  section  between  tbc  trtet  A  A,  fig.  15. 


experience  the  number  and  dimensions  of  tho  aspirators  have  no  influ- 
ence upon  tho  tension  of  the  blast. 

The  sizo  of  tho  throat,  ft,  may  bo  regulated  by  means  of  the  trans- 
verse bars  of  wood,  c,  and  the  wedges  previously  mentioned.  In  the 
trompe  at  Montgaillard  it  was  as  wide  as  the  cavity  of  the  tree,  viz. 
0m  189  (7-44  in.),  nnd  0m  007  (2  04  in.)  in  the  "other  direction. 

The  amount  of  blast  is  determined  by  the  quantity  of  water  which 
is  allowed  to  flow  through  tho  trees,  and  this  is  regulated  by  raising 
or  lowering  in  a  greater  or  less  degree  the  wedges,  c/,  suspended  from 
a  lever  by  a  chain  :  see  fig.  16.  This  lever  is  worked  by  a  long  chain 
extending  close  to  the  furnace,  so  that  during  the  process  the  workmen 
may  bo  enabled  conveniently  to  modify  tho  blast  according  to  circum- 
stances. 

Considerable  importance  is  attached  by  tromj>o  carpenters  to  the 
construction  of  tho  lower  ends  of  tho  trees,  which  is  shown  in  7,  /<,  J\ 
fig.  15. 
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cirrUs  *) 


The  wind-chest  should  have  a  solidly  constructed  framework  of 
wood.    The  internal  dimensions  of  that  represented  in  fig.  17  aro  as 

foDow  :-3-  09  (10  ft.  1*65  in.) 

long,  lra  b\  (4  ft.  11-45  in.)  wide 

at  the  broad  end,  0"  395(15*55  in.) 

at  the  narrow  end,  and  \m\Yl  (4  ft. 

.'i-97  in.)  deep.    The  cross  section 

of  the  interior  of  the  pipe,  p,  is 

square,  0m20  (7-87  in.)  on  tho  side. 

The  interior  of  the  muzzle,  o,  is 

quadrangular  where  it  joins  ;>,  0™  18 

(7-09  in.)  by  0m  20  (7'87  in.),  and 

circular  at  the  other  end,  0"  12 

(4-73  in.)  in  diameter.  Tho  blast- 
pipe  is  conical,  and  0m  037  (1*46  in.) 

in  diameter  at  its  narrow  end. 

lliere  is  a  modern  and  now  gene- 
rally adopted  modification  of  the 

trompe,  called  tins  by  the  French, 

in  which  the  wind-chest  is  circular, 

like  a  barrel,  and  is  more  easily 

constructed  than   tho  trapezoidal 

wind-chest :   it  is  represented  in 

figs.  18  and  19,  which  will  bo  intel- 
ligible without  any  further  descrip- 
tion.  The  bla-st  of  the  tins  is  said 

to  be  wetter  than  that  of  the  old 

trompe,  in  which  tho  distance  is 

much  greater  between  the  lower 

ends  of  the  trees  and  the  air  exit 

pipe  (Thomme}  ;  the  reason  of  this 
appears  pretty  obvious,  lliere  are 
also  variations  in  the  mode  of  in- 
troducing the  air  into  tho  trees. 
At  Villeneuve-d'Olmes  tho  arrange- 
nient  shown  in  fig.  20  was  adopted 
instead  of  the  usual  aspirators.* 

The  tension  of  the  blast  is  mea- 
sured by  a  simple  mercurial  syphon 
gauge  of  glass,  the  lower  leg  of 
which  is  contained  in  a  wooden 
plug  which  fits  into  a  hole  at  the 
top  of  the  pipe,  ]> :  see  fig.  15.  A  graduated  scale  is  attached  to  the 
instrument,  each  degree  corresponding  to  a  column  of  mercury, 
0"  004512  (01 8  in.)  in  height."  According  to  Kichard  no  machine 
produces  a  blast  of  such  constant  tension  as  the  trompe,  the  mercury 
appearing  as  though  it  were  congealed  in  tho  gauge.    The  degree  of 


Trump?.  linn. 

moved.  Tbedotte<l  ctrrl»»  iliuw 
lb?  position  of  tli?  tree*,  c  that 
of  the  man  opening.  m«l  a'  that 
of  tho  pl|i?  p.  Hy  mUtalti',  the 
black  Uih-s arc  m  lite  wrong  i»Me. 
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Fig.  18.  Tlue. 


Vertical 
centre. 


ection  through  Qie 


•  Kichard,  p.  178. 


9  Ibid.,  p.  181. 
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tension  depends  chiefly  on  the  height  of  the  fall  of  water.  In  tho 
department  of  Ariego  trompes  are  met  with  from  9m  00  to  10m  00 


Fig.  19. 


Tine  and  Furnace.  Han. 


(29  ft.  6  33  in.  to  32  ft.  9  70  in.)  high  ;  but  they  generally  are  only 
from  7m  00  to  8m  50  (22  ft,  1 1-59  in.  to  27  ft.  10  05  in.)  high.    A  well 

constructed  trompe  with  such  falls  may 
givo  a  blast  having  a  maximum  tension  of 
0m  0855  (3*37  in.),  and  sometimes  even 
0m  0945  (3*72  in.)  of  mercury,  i.e.  from 
about  14  to  2  lbs.  pressure  to  the  square 
inch.  On  account  of  the  nature  of  the  ore, 
and  in  order  to  economise  fuel,  pood 
trompes  are  now  (1843)  so  regulated  that 
the  maximum  tension  of  the  blast  never 
rises  higher  than  0'"  0075  (2'66  in.)  of 
Fig. so.  Another mrtiu>d..f  introducing  mercury,  i.  f.  about  U  lb.  to  the  square 

air  through  the  tubes  1)  K.    .      .        J  n 


EI),  called  TrumplHe*. 


inch. 


The  pressure  of  water  upon  the  throat 
of  the  trees  appears  to  have  much  less  influence  in  increasing  the  ten- 
sion of  the  blast  than  the  height  of  the  trees.  Kichard  has  seen 
trompes  which  had  only  a  column  of  water  of  0m  73  (2  ft.  4*7  in.)  above 
the  throat,  and  yet  produced  a  blast  having  a  tension  of  0™  0812  (3-19 
in.,  about  H  lb.  to  the  square  inch)  of  mercury;  while  other  trompes 
which  had  a  column  of  water  of  2m00  (0  ft.  0*74  in.),  could  only  pro- 
duce a  blast  having  a  tension  of  O"  0077  (2-57  in.,  about  H  lb.  to  the 
square  inch)  of  mercury,  the  dimensions  of  the  throats  and  sectional 
areas  of  the  blast-pipes  being  the  samo  in  both  cases.' 

The  tension  of  the  blast  is  sensibly  proportionate  to  the  amount  of 
water  expended,  except  when  the  latter  is  much  reduced  beyond  the 
limits  occurring  in  practice. 

The  amount  of  water  cxpendod  being  the  same,  the  dimensions, 
fonn,  and  nature  of  the  throat  influence  the  tension.* 

The  following  observations  of  Kichard  on  the  trompe  deserve  atten- 
tion. Thore  were  four  aspirators  towards  the  middle  of  the  tree  of  a 
tine,  from  which  water  was  ejected  at  intervals.  In  each  was  fixed  a 
bent  glass  tube,  one  end  of  which  communicated  with  the  interior  of 


1  Op.  oit.  p.  223.  2  DAubuiaeon 
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the  tree,  while  the  other  plunged  into  water  contained  in  a  glass 
vessel.  Bubbles  of  air  esca]>ed  intermittently  from  the  ends  of  the 
tubes  immersed  in  water.  Hence  it  was  supposed  that  by  closing 
these  aspirators  the  tension  of  the  blast  would  be  increased  ;  but  this 
was  not  found  to  be  the  case  in  the  slightest  degree.  A  similar  experi- 
ment was  made  upon  another  troinpe,  and  with  the  like  results. 

Experiments  were  then  made  upon  the  uppermost  aspirators.  In 
one  of  these  one  end  of  a  bent  glass  tube  was  adjusted  in  the  manner 
above  described.  The  water  rose  0m02  (0'7Uin.)  in  the  leg  in  the 
glass  vessel.  One  of  the  aspirators  was  closed,  but  without  causing 
any  change,  the  water  still  rising  0m02  in  the  glass  tube,  and  the  mer- 
curial gauge  showing  no  sign  of  diminished  tension.  It  was  also 
found  that  the  level  of  the  water  remained  constantly  at  0"02, 
whether  the  throats  were  opened  to  the  full  or  closed  so  as  to  reduce 
the  tension  of  the  air  in  the  wind-chest  to  0"  02707  (1*07,  about  J  lb. 
to  the  square  inch)  of  mercury,  notwithstanding  the  tension  increased 
in  proportion  as  the  throats  were  opened. 

Kichard  asserts  that  the  tension  of  the  blast  is  somewhat  diminished 
when  the  water  becomes  muddy,  as  after  a  storm. 

Advantages  and  disadvantages  of  th<  trompe. — It  may  l>e  constructed  and 
kept  in  order  at  a  small  cost  compared  with  blowing  cylinders ;  and  it 
produces  a  remarkably  equable  and  an  easily  manageable  blast.  (  hi 
the  other  hand,  the  air  constituting  the  blast  of  the  trompe  is  not  only 
always  saturated,  or  nearly  so,  with  moisture,  but  contains  tine  particles 
of  water  in  mechanical  suspension;  and  the  amount  of  water  which  is  thus 
introduced  into  the  furnace  along  with  the  air  is  a  serious  and  inherent 
defect  of  this  kind  of  blowing  machine.  Water  often  siceats  through 
the  skin  tube,  or  Oourec,  and  runs  down  the  blast-pipe  into  the  fur- 
nace ;  but  this  ought  not  to  be  the  case,  and  indicates  a  defect  in  the 
construction  or  in  the  working  of  the  trompe.  The  proportion  of 
mechanically  suspended  water  may  be  considerably  increased  if  the 
water  in  the  wind-chest  be  allowed  to  rise  above  the  baw/uette,  or  the 
distance  between  the  lower  ends  of  the  tines  and  the  air-exit  Iks 
much  diminished.  This  finely  divided  water  may  l>e  carried  by  the  air 
to  a  great  distance  :  thus  D'Aubuisson  employed  a  trompe  to  ventilate 
a  mine,  and  conveyed  the  air  through  a  conduit  pipe  along  a  level 
to  the  distance  of  387  moires  (about  423  yards)  ;  and  although  it 
passed  through  two  elbows  of  90n  and  two  others  of  13.r>  ,and  ascended 
considerably  all  the  way,  yet  currents  of  water  were  observed  to  escape 
from  the  end  of  the  pipe." 

Theory  of  the  trompe.— Venturi,  in  1800,  accounted  for  the  blast  by 
the  motion  which  he  supposed  the  falling  stream  of  water  communi- 
cated to  the  surrounding  air  in  contact  with  it.  Thibaud  and  Tardy 
give  the  following  explanation  :  the  water  in  its  descent  through  the 
trees  increases  in  velocity,  diminishes  in  horizontal  sectional  area,  and 


*  Experiences  faitea  sur  la  trompe  du 
v»-ntilateur  des  mines  de  Ituneie',  tmirfoa 
<U-  quelques  olmt-rvations  gur  les  troinpes 


en  general.  r»«r  M.  D'Aubuiwon.  Ann. 
d.  Mines,  2.  ».  4, 1828,  p.  244. 
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leaves  a  vacuum,  into  which  air  rushes  through  the  aspirators,  and  is 
carried  down  by  the  water.4  Richard  confesses  his  inability  to  present 
a  satisfactory  theory.  In  1848,  Magnus,  Professor  of  Physics  in  the 
University  of  Berlin,  affirmed  that  the  true  physical  cause  of  the  rush- 
ing  down  of  the  air  was  still  quite  unknown.5  This  distinguished 
philosopher,  however,  is  led  from  his  experimental  researches  on  the 
motion  of  liquids  to  conclude  that  in  the  trompe  the  same  action 
occurs  ns  when  water  is  poured  into  a  glass,  and  bubbles  of  air  be- 
come entangled  in,  and  are  carried  down  by,  the  water.  If  the  reader 
will  make  this  simple  experiment  and  attentively  observe  the  result, 
he  will,  probably,  be  surprised  at  the  largo  volume  of  air  which  will 
thus  pass  deep  into  the  water  in  the  receiving  vessel.  Magnus  has 
doscribod  some  very  interesting  experiments  bearing  upon  this  sub- 
ject ;  but  for  a  record  of  these  I  must  refer  the  reader  to  the  original 
paper. 

Efficiency  of  the  — In  a  well  proportioned,  and  well  made  trompe 

the  effect  may  generally  bo  estimated  an  at  least  yV  of  the  power,  i.e.  the 
force  represented  by  the  fall  of  a  given  quantity  of  water,  from  a  given 
height,  in  a  given  time,  being  1,  that  represented  by  the  blast  pro- 
duced by  this  water  in  the  same  time  is  only  0*10  ;  but  it  may  rise  to 
0-l.V  Hence  it  appears  that  in  this  machine  there  is  a  very  wasteful 
expenditure  of  power.  This,  however,  is  not  a  consideration  of  any 
importance,  provided  there  is  an  ample  supply  of  water.  The  throat 
being  the  same,  tho  wwfid  effect,  according  to  D'Aubuisson,  increases  in 
a  greater  ratio  than  the  amount  of  water  expended. 

Water-wheel,  hammer,  and  anvil. — Tho  hammer  is  moved  by  a  water- 
wheel.  The  entire  machinery  is  represented  in  fig.  21,  which  is  a 
section  showing  the  water-wheel,  tho  hammer,  and  the  anvil. 

Tho  water-wheels  are  constructed  of  wood,  and  tho  water  falls  upon 
them  from  a  considerable  height,  say  7  metres  (22  ft.  11  -59  in.)  or 
upwards,  so  as  to  act,  much  more  by  impact  than  by  weight.  They 
arc  generally  from  2m  50  to  3"  60  (8  ft.  2-4;?  in.  to  11  ft.  .5-80  in.)  in 
diameter,  inclusivo  of  the  buckots.  Upon  the  wooden  axis,  a,  is  a 
hollow  cylinder  of  cast-iron,  h,  having  four  openings  to  receive  the 
wrought-iron  cams,  c  c  c  c,  by  which  the  hammer  is  put  in  motion. 

The  hammer  consists  of  a  long  stale  of  wood,  one  end  of  which  is 
called  the  tail,  and  the  other  the  head.  -Tho  stale  is  a  cylinder  of 
beech,  d  d,  about  0m  35  (1  ft.  178  in.)  in  mean  diameter,  ' and  4™  30 
(14  ft.  1  in.  )  in  length,  strengthened  with  hoops  of  iron :  <\  a  cast- 
iron  collar  carrying  a  horizontal  pivot,  /,  on  each  side,  whereby  the 
hammer  may  move  up  and  down  in  a  vertical  plane  to  the  height  of 
from<r;J5  to  0"47  (1  ft.  1-78  in.  to  1  ft.  6'51  in.);  at  the  tail  is  a 
piece  of  beech -wood,  g,  which  receives  the  blows  of  the  cams,  and  is 


*  Experiences  faitcs  war  lot*  trouipes  ties 
forges  do  Vic-Desso*  ( Ario'ge ).  Ann.  d. 
Mines.  8.  1823.  p.  59ft. 
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fixed  by  a  half  circle  of  iron,  as  shown  in  the  engraving;  the  thickness 
of  this  piece  of  wood  determines  the  height  to  which  the  hammer  may 
be  raised,  and  is  varied  according  to  circumstances,  one  piece  being 
used  for  shingling,  and  another  for  drawing  out.  The  head,  A,  is  of 
cast-iron,  generally  in  one  piece,  and  having  a  hole  in  it,  as  shown  in 
section,  fig.  21  A,  by  which  it  is  fitted  on  the  stale  :  it  is  firmly  so- 
cured  in  its  position  by  oak  wedges  :  it  weighs  from  (300  kil.  to  670  kil. 
(132:3  to  1477  lbs.).  The  hammer  rests  on  a  strong  framework  of  oak. 
On  each  side  is  a  vertical  beam  of  oak,  »,  supported  on  a  horizontal 
beam,  k  ft,  parallel  to  the  long  axis  of  the  hammer,  and  secured  by  in- 
clined props,  q  q ;  tho  two  vertical  Ijeanis  of  oak  are  firmly  united  by 
transverse  beams,  r  r,  etc. ;  «  .<?,  a  rectangular  block  of  oak  about  2m  00 
(6  ft.  6-74  in.)  long,  0'"  72  (2  ft.  4-35  in.)  deep,  and  0™  36  (1  ft.  217  in.) 


n 


r»«.  21.       Water-wheel,  Hammer,  ami  Anvil.    Tin-  framework  I*  shown  only  on  tho  furthermost  aide. 

A.  Section  of  hammer  head.  H.  Complete  view  of  1 1  ami  section  through  the  middle, 
►bowing  1k>w  the  axis  of  the  w  heel  U  received  In  a  oist-iroti  journal. 


thick,  firmly  hooped  with  iron,  and  supported  on  the  left  by  a  large 
wedge  of  oak,  f\  and  on  the  right  by  one  of  the  transverse  beams,  r ; 
there  is  a  similar  block,  ss,  on  tho  side  of  the  hammer  which  does  not 
appear  in  the  engraving ;  and  in  these  blocks,  which  are  kept  solidly 
in  their  places  by  the  horizontal  wedges,  r  r,  and  the  vertical  wedges, 
tc  if,  are  inserted  wrought  or  cast-iron  journals  to  carry  the  pivots  of 
the  hammer,  /;  by  means  of  the  system  of  wedges  the  hammer  may  be 
readily  and  firmly  adjusted.  Under  the  tail  is  a  great  stone,  x,  and  cn 
this  during  shingling  is  placed  a  large  iron  plate,  y,  upon  which  the 
tail  strikes  and  rebounds  so  as  to  accelerate  the  fall  of  the  head  of  the 
hammer,  which  in  good  work  ought  to  give  from  100  to  125  blows  per 
minute. 

The  anvil,  z,  is  made  of  iron,  0m  70  (2  ft.  3*56  in.)  long,  0"  2o 
(9  84  in.)  broad  in  the  middle,  and  ft*  22  (8*(W>  in.)  broad  at  each  end  ; 
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by  means  of  a  projecting  piece,  or  tenon,  about  0m  13  (512  in.)  deep, 
and  of  the  same  breadth,  it  fits  into  a  heavy  block  of  cast-iron  a,  sup- 
ported by,  and  wedged  into,  a  largo  block  of  stone,  ft. 

In  some  forges  there  are  hammers  expiessly  for  finishing  off  the  bare, 
and  they  are  constructed  precisely  in  the  manner  above  described. 

Personal  establishment  in  aCatalan  forge. —  It  consists  often  persons, — eight 
forgemen  (foryeum)  and  two  business  men,  as  follows  :  a  foreman  (foyer) 
at  the  head,  who  constructs  the  furnace  and  keeps  it  in  order,  superin- 
tends the  trompe,  the  direction  of  the  twyer,  and  the  charging,  and,  be- 
sides, draws  out  the  iron  into  bars,  produced  in  alternate  operations  or 
heats  :  he  has  an  assistant.  A  hammerman  (maUle),  who  has  charge  of  all 
that  relates  to  the  mechanical  treatment  of  the  iron,  fits  up  and  watches 
over  the  hammer,  keeps  in  order  the  water-wheel  and  tools,  conducts 
the  shingling  of  the  masse,  and  draws  out  the  iron  alternately  with  the 
foreman  :  he  has  also  an  assistant.  Two  smelters  (escolas)*  who  take 
charge  alternately  of  the  working  of  the  furnace,  or  in  other  words,  of 
the  treatment  of  the  ore  during  an  entire  operation,  and  they  direct 
and  attend  to  the  reheating  of  the  iron  in  the  process  of  drawing  out 
under  the  hammer:  each  has  an  assistant.  l{i  chard  considers  the  foyer 
as  overpaid  and  quite  superfluous,  and  that  his  duties  would  be  better 
performed  by  the  smelters,  or  esaJas.  This  division  of  duties  is  mis- 
chievous, and  frequently  leads  to  disputes  and  recriminations  between 
the  foyer  and  esaAas  when  the  work  is  not  proceeding  satisfactorily. 
There  are  thus  four  head  men  and  four  subordinates.  In  addition 
there  are  a  keeper  of  the  forge  and  a  manager.  The  keeper  has  charge 
of  the  raw  materials  and  the  iron  produced,  and  sees  that  the  furnace 
is  properly  supplied  with  ore  and  charcoal ;  his  salary  is  oOOfr.  (about 
20/.)  a  year.  The  manager  has  tho  forgo  under  his  care,  and  conducts 
the  mercantile  part  of  the  business;  he  is  provided  with  a  lodging ; 
his  salary  ranges  from  800  fr.  to  1200  fr.,  i.e.  from  about  ,V2l.  to  48/. 
per  annum.8  Richard  represents  them  as  ill-informed  persons,  and 
states  that  in  general  the  mischievous  privilege  is  accorded  to  them  of 
selling  bread  and  wine  to  the  forgemen — one  of  tho  worst  forms  of 
the  truck  system. 

The  forgemen  were  paid  as  follows  :  each  of  tho  four  head  men  re- 
ceived 0*45  (3*.  9d.)  on  tho  quintal  of  40  kil.  of  merchant  iron  pro- 
duced ;  the  assistants  of  the  foreman  and  hammerman  received  0*  225 
per  quintal,  and  in  addition  were  supplied  with  food  by  the  master, 
with  tho  exception  of  bread  ;  tho  assistants  of  the  smelters  received 
6  fr.  («*.)  weekly,  and  were  kept  by  their  masters. 

Mode  of  conducting  the  process. — A  charge  of  12  quintals  (487  kil.  = 
1 07^-8  lbs.)  of  ore  is  weighed  out,  and  crushed  under  the  forge 
hammer ;  it  is  thus  reduced  to  powder  more  or  less  coarse,  and  into 
pieces,  of  which  the  largest  arc  from  0m  05  to  0m  0*3  (1*97  in.  to  2-36  in.) 
in  diameter;  it  is  then  divided  by  sifting  into  lumps  (mine),  and  very 


■  Tlu  y  derived  their  name  from  esootda,    off  ot  the  sings.    (Francois.  , 
the  patois  for  rrnuler.  U  cause  they  pu  ree       *  All  the  preceding  details  are  from 
the  tap-hole  fur  the  tconleitu  nt  or  drawing-  Francois. 
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coarse  powder  (greillade),  which  contains  a  much  larger  proportion  of 
earthy  matter  than  the  mine.  The  bottom  of  the  sieve  employed  it) 
funned  of  concentric  iron  wires,  rather  less  than  CP  01  (0*39  in.)  apart, 
and  supported  by  a  few  iron  wires  placed  radially.  The  greillade  is 
strongly  tempered  with  water,  and  is  piled  in  a  heap  on  the  right  of 
the  furnace  at  a  convenient  distance.  With  good  brown  haanatite  the 
greillade  may  amount  to  about  half  of  the  whole  ore." 

The  furnace  is  supposed  to  be  heated  from  a  previous  charge  and  to 
be  in  proper  working  order,  a  mass  of  incandescent  charcoal  and 
residua  from  the  last  lump  of  iron  remaining  upon  the  bottom.  The 
blocks  of  iron  forming  No.  2  side  are  quite  red  hot  as  high  up  as  the 
twyer ;  and  so  are  those  of  the  opposite  side,  No.  4,  about  half-way 
up;  Nos.  1  and  3  sides,  as  well  as  the  bottom,  are  also  red  hot.  After 
having  4>  cleaned  the  fire  "  {nettoye  le  feu),  the  charcoal  withdrawn  from 
the  furnace  in  the  last  operation  and  the  residua  which  may  also  have 
been  taken  out  of  it  are  put  back  into  the  furnace.  Fresh  charcoal  is 
then  immediately  thrown  on  the  top  and  packed  1  (tasse)  by  the  fur- 
nace-man, who  fur  this  purpose  uses  a  spade,  striking  sometimes  with 
the  flat  side  and  sometimes  with  the  edge,  so  as  to  break  the  largest 
pieces  of  charcoal,  and  press  them  well  together.  When  the  charcoal 
nearly  reaches  the  lower  end  of  the  twyer,  the  hearth  is  divided  vertically 
into  two  parts  by  a  long  broad  shovel  or  plate  of  iron  parallel  to,  and 
distant  from,  No.  2  side,  about  |  of  the  way  between  No.  2  and  No.  4 
sides.  On  the  left  of  this  plate,  i>.  on  No.  2  side,  charcoal  is  added 
and  packed  ;  a  few  handfuls  of  charcoal  are  also  thrown  in  on  the 
right  of  the  plate,  when  the  whole  between  No.  4  side  and  the  plate  is 
pressed  strongly  down  with  a  flat  ended  tool.  Upon  the  very  solid 
bed  of  charcoal  thus  prepared  a  box  of  ore  is  emptied,  the  ore  being 
allowed  to  slide  down  over  the  sloping  side  No.  4  and  then  packed. 
Charcoal  is  again  piled  and  packed  on  the  left  of  tho  iron  plate,  and 
then  a  second  box  of  ore  on  the  right  of  the  plate.  Lastly,  a  third  box 
of  ore  is  added  in  the  same  manner  as  the  second,  after  which  the 
furnace-man  adroitly  slides  out  tho  shovel  or  plate  of  iron  dividing  the 
hearth;  and  in  doing  this  he  inclines  it  nearly  parallel  to  No.  4  side, 
so  as  to  throw  the  wall  of  ore  a  little  back  on  the  sloping  bank  sup- 
porting that  side,  upon  which  it  distributes  itself  according  to  its 
natural  talus.  The  ore  now  forms  a  mass  having  two  tuluses,  one  on 
the  left  and  the  other  on  the  right ;  and  the  crest  between  the  two, 
which  rises  on  No.  3  side  nearly  0" .'J  (11-81  in.)  above,  and  a  little  on 
the  left  of  the  edge  of  No.  4,  abuts  about  midway  on  the  sloping  top  of 
No.  1.  The  talus  on  the  left  is  completely  covered  with  moistened 
charcoal  breeze,  which  is  well  beaten  down.  Over  this  breeze  small 
charcoal  is  piled  up  as  high  as  tho  crest,  and  again  on  the  top  of  this 
moistened  breeze  is  placed  :  the  whole  is  well  beaten  down  with  a 
spade,  so  as  to  make  this  wall  perfectly  solid,  after  which  a  good  blast 
is  turned  on.    All  this  is  the  affair  of  a  few  minutes. 


«  Pnutfoit,  p.  271.  I  for  the  French  taMtf,  in  the  aense  hero 

1  Puck«'d  is  the  beat  won!  I  ean  tind  |  used. 
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Hardly  has  the  blast  been  turned  on  when  an  infinitude  of  jets  of 
blue  flame  from  0"  00  to  0m  10  (2-36  in.  to  3*94  in.)  escape  from  every 
part  of  the  wall  of  ore  not  covered  with  charcoal  on  the  right.  If 
similar  jets  appear  on  the  talus  on  the  left,  small  moistened  charcoal  is 
immediately  thrown  over  tliem  and  beaten  firmly  down ;  but  if,  on 
the  contrary,  they  are  not  produced  on  the  right,  the  hearth  is  either 
cold  or  ill  constructed,  or  the  charging  has  been  badly  done.  After 
the  lapse  of  a  few  minutes,  during  which  the  tap-hole  on  No.  1  side  is 
stopped  with  clay,  the  blast  is  diminished,  so  that  the  gauge  marks  6C 
(  =  0m  027  =  1-07  in.). 

Richard  has  given  a  most  detailed  description,  or  proces-verl-al,  of 
the  operation  of  working  off  a  charge,  or  heat ;  and  from  this,  which 
fills  12  quarto  pages,  1  shall  subjoin  the  chief  points  of  interest.  It 
is  necessary  to  premise  that  the  iron  which  is  reduced  in  this  process 
is  agglutinated  into  a  largo  lump  below  the  twyer;  this  lump,  which 
is  termed  loup;  or  masse,  is  hammered  or  shingled  under  a  heavy  hammer 
or  helve,  and  divided  into  three  pieces,  one  from  the  central  portion,  the 
massoqw,  and  the  other  two  from  the  ends,  the  massoyuettes.  These 
several  pieces  are  drawn  out  under  the  hammer  into  bars,  and  during 
this  operation  it  is  necessary  to  reheat  them  several  times.  The  re- 
heating is  effected  in  the  same  furnace  as  serves  for  the  reduction  of 
the  ore,  and  takes  place  on  No.  2  side  above  the  twyer.  The  inclined 
top  of  No.  1  side,  or  the  banquette,  affords  facilities  for  introducing  and 
withdrawing  the  masaoque  and  massoijttettes.  Further  details  concerning 
this  part  of  the  manipulation  will  be  given  in  the  sequel.  Two  men 
are  required  at  one  furnace — a  headman,  or  escvla,  who  takes  the  man- 
agement and  performs  all  tho  work  requiring  skill,  and  an  assistant,  or 
valet,  who  acts  as  a  labourer  in  supplying  charcoal,  ore,  etc. 

Tho  furnace  having  been  charged  in  the  manner  abovo  described, 
the  trees  arc  opened  to  tho  full  extent,  and  the  gauge  marks  18" 
(0W  0812  =  3-19  in.  of  mercury).  Charcoal  is  thrown  into  the  angle 
between  Nob.  2  and  3  sides,  so  as  to  form  an  inclined  plane  descending 
from  the  crest  of  the  wall  of  ore  to  about  0m  25  (0-84  in.)  below.  The 
contents  of  tho  furnace  are  kept  up  at  a  constant  level  by  the  addition 
of  charcoal  and  ore  in  the  state  of  greillade  at  repeated  intervals  dining 
what  is  termed  the  first  stage  of  the  process,  which  in  Richard's  ;/roc«>- 
verbal  is  stated  to  last  1  h.  13  m.  After  every  such  addition  water  is 
thrown  on  the  top.  In  about  8  m.  tho  gauge  is  made  to  mark  8° 
(0m  0361  =  1-42  in.),  and  is  maintained  at  this  degree  during  the  whole 
of  the  first  stage. 

Tho  second  stago  now  begins,  and  tho  gauge  is  raised  to  10' 
(0m  0451  =1-78  in.).  The  furnace  is  kept  supplied  with  charcoal  and 
greillade,  water  being  thrown  on  from  time  to  time  to  prevent  unneces- 
sary consumption  of  fuel.  In  lh  4<>m  a  small  charge  of  scoria; 
coarsely  broken  up  from  the  last  mastS  is  added  instead  of  greif lade.  In 
lh  59"  the  tapholc  is  opened  for  the  first  time,  and  the  cinder 
(scows  lonnles)  which  runs  out  is  sprinkled  over  with  water,  after 
which  it  is  put  back  into  the  furnace  and  covered  with  charcoal. 

In  2*  22*  the  gauge  is  suddenly  raised  to  14°  (0-  0632  =  2-48  in.), 
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and  the  third  stage  commences.  A  portion  of  the  ore  in  lumps,  and 
not  greillade,  is  now  introduced  for  the  first  time ;  this  is  done  by  in- 
serting a  bar  between  the  blocks  of  cast-iron  forming  No.  4  side  and 
the  superincumbent  ore,  of  which  more  or  less  is  made  to  drop  down 
into  the  hearth.  This  operation  is  termed  44  doniter  la  mine."  Charcoal, 
grrilladt,  and  water  continue  to  be  added  at  intervals.  In  2h  66",  the 
cinder  having  been  tapped  oft'  a  few  minutes  previously  and  the  tap- 
hole  left  open,  the  flame  from  the  hearth  whitens,  resembling  the  bright 
light  produced  by  the  burning  of  iron  in  oxygen,  when  the  tap-hole  is 
instantly  closed. 

In  3>4-  the  gauge  is  raised  to  10°  (0- 0722  =  2-84  in.),  and  the 
fourth  stage  begins.  The  same  series  of  operations  is  repeated  ;  such 
of  the  cinder  as  is  found  too  heavy  is  put  back  into  the  furnace.  In 
3h  25"  the  reheating  process  connected  with  the  last  formed  mdWnow 
ends.  In  3U  33"*  Richard  states  that  the.  point  of  an  iron  bar,  used  in 
the  manipulations,  comes  out  of  the  furnace  encrusted  with  a  coat  of 
iron,  varying  from  0m  004  to  0-  008  (0-1  <3  in.  to  0  31  in.)  in  thickness  j 
this  coating  after  cooling  in  water  and  scraping  with  a  knife  presents 
a  very  brilliant  white  surface.  At  about  this  period  Richard  has  con- 
stantly observed  that  a  yellow  ]>owder  begins  to  cover  the  charcoal,  for 
which  he  has  never  been  able  to  account.  44  It  occurs  constantly,  and 
always  towards  the  fourth  hour  from  the  beginning  of  the  process, 
whatever  be  the  quality  of  the  charcoal  or  ore  employed.  The  whole 
surface  of  the  incandescent  charcoal,  situated  at  the  upper  part,  is 
eoated  with  a  kind  of  ash  of  a  sulphur-yellow  colour,  perfectly  dis- 
tinct and  sometimes  brilliant  (e'clatant)." 1  Richard  allowed  pieces  of 
charcoal  coated  with  this  yellow  powder  to  cool  out  of  contact  with 
atmospheric  air,  and  found  it  jxjrsistent.  The  workmen  attribute 
it  to  sulphur,  which  is  of  course  absurd.  I  do  not  know  what  it 
could  be. 

In  3b  SO*"  the  gauge  is  raised  to  18°  (Om  0812  =  3*10  in.),  and  the  fifth 
stage  begins.  Charcoal  and  ore  in  lumps  are  supplied  at  intervals. 
The  ilame  has  become  somewhat  less  blue,  the  charcoal  is  almost 
everywhere  in  ignition  at  the  surface  of  the  hearth,  and  the  whole*  of 
the  wall  of  ore  has  disappeared  under  the  charcoal.  In  3h  50m  cinder 
is  tapped  off,  and  44  flame  issues  from  the  taphole  with  a  noise  resem- 
bling distant  thunder."  In  4h  10""  the  level  of  the  mass  of  charcoal  on 
the  hearth  is  about  as  high  above  the  furnace  as  the  latter  is  deep. 
In  4h  19*  it  is  evident  that  the  masse'  now  occupies  a  considerable  space 
under  the  charcoal.  Charcoal  is  copiously  supplied,  the  cinder,  which 
has  become  very  poor  in  iron  (tres  maiyre),  is  tapped  oft'  at  intervals, 
and  ore  introduced  from  side  No.  4  in  the  manner  before  described. 
In  .r>h  29m  the  fu mace-man  breaks  off  the  angles  of  the  masse' on  No.  1 
side,  and  pushes  towards  the  ceutro  of  the  hearth  the  various  pieces  of 
iron  which  may  remain  scattered  through  the  charcoal,  and  endeavours 
to  unite  them  to  the  masse.  This  operation  is  termed  la  IxtUjade.  In 
511  38'°  the  furnace-man  again  breaks  off  the  projecting  edges  and 

5  Op.  cit.  p.  201. 
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asperities  of  the  masse,  and  may  now  be  said  to  be  giving  11  the  last 
touch  to  his  work  ;"  lie  detaches  any  pieces  of  iron  which  may  remain 
adherent  to  the  sides  of  the  hearth,  and  pushes  them  towards  the 
middle  of  the  masse,  so  as  to  solder  them  to  it.  In  5h  43"  the  flame 
suddenly  whitens  and  becomes  very  bright,  which,  according  to  the 
furnace-man,  is  a  sign  that  the  iron  is  consuming  itself,  or  burning  to 
waste  (se  mamje).  In  6b  3'"  the  blast  is  stopped,  and  the  blast-pipe 
drawn  backwards.  The  charcoal  covering  the  masse  is  then  thrown  on 
the  bank  on  No.  4  side,  and  extinguished  with  water.  A  very  strong  bar 
of  wrought  iron  (0m  07  to  0m  08  =  2-76  in.  to  315  in.  in  diameter)  is  intro- 
duced through  the  tap-hole  under  the  masse",  and  the  long  iron  of  this  lever 
is  subjected  to  a  series  of  powerful  jerks  downwards  by  one  or  two  men 
standing  and  jumping  upon  it.  After  having  been  thus  completely 
detached,  the  masse  or  lump  is  taken  out  of  tho  furnace  over  No.  1  side, 
in  the  manner  shown  in  fig.  14. 

The  operation  from  which  Richard  took  his  description  lasted  longer 
than  it  ought  to  have  done,  owing,  it  was  alleged,  to  the  defective 
state  of  the  twyer ;  and  consequently  more  than  the  proper  amount  of 
charcoal  was  consumed. 

The  entire  process,  which  I  shall  designate  indiscriminately  by  the 
terms  Jire  or  heat,  lasted  0h  3m.  According  to  Richard,  during  this 
period  100k 02  (235-1  lbs.)  of  water  were  evaporated,  of  which  51k  5 
(113-50  lbs.)  were  thrown  upon  the  fire,  the  rest  having  been  derived 
from  the  charcoal ;  tho  total  weight  of  air  supplied  by  the  trompo  was 
2800"  03  (0174  lbs.),  the  average  weight  of  air  per  minute  7k  71  (17  lbs.), 
the  total  carbon  converted  into  gas  was  40 lk  32  (101 7-2  lbs.),  the  aver- 
age amount  of  carbon  thus  consumed  per  minute  was  lk27  (2*8  lbs.), 
the  quantity  of  charcoal  consumed  was  by  weight  544*7  (1201  lbs.),  or 
by  volume  2cm-  412  (85*185  c.  ft.),  tho  bars  drawn  out  from  the  masse? 
weighed  3**  7CJ,  or  151k  0  (334-27  lbs.),  and  the  quantity  of  ore  employed 
was  12qx,  or  about  487k  (1073-8  lbs.). 

It  must  not  be  supposed  that  every  furnace-man  conducts  the  process 
in  exact  accordance  with  the  foregoing  description  ;  for  the  practice  of 
different  men,  though  in  essential  particulars  the  same,  differs  in  points 
of  minor  detail. 

According  to  Francois,  in  the  forges  of  A ri ego  100  kil.  of  merchant 
iron  are  generally  obtained  from  312  kil.  of  ore,  with  a  consumption  of 
340  kil.  of  charcoal,  and  the  average  duration  of  a  heat  is  0  hours. 
Richard  estimates  that  in  good  work  100  parts  by  weight  of  ore  should 
yield  31  of  bar-iron  and  41  of  slags,  containing  about  30  per  cent. 
of  metallic  iron.*  Yields  obtained  by  Richard  from  the  forge  du 
Ressecq  were  ore  100,  bar-iron  31*2,  and  slags  50*2 — ore  100,  bar- 
iron  31,  and  slags  51-8.4  Care  was  taken  to  collect  the  slags  as 
free  from  dirt  as  possible,  and  to  dry  them  before  weighing.  From 
tho  40  forges  in  activity  in  Aricge,  each  making  annually  on  the  aver- 
ago  1000  fires  or  heats,  Richard  calculated  that  "  2,400,000  kil.  (about 
2400  tons,  of  2240  lbs.  to  the  ton)  of  iron  were  lost  every  year  in  the 


3  Op.  cit.  p.  154.  «  Op.  cit.  p.  155. 
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Blags,  which  during  many  centuries  past  had  been  spread  over  tho 
roads  or  thrown  into  water  courses." 

A  good  noise*  is  a  more  or  less  spheroidal  lump,  smooth  on  the  ex- 
terior, and  free  from  irregular  projecting  pieces  ;  its  upper  surface  pre- 
sents a  depression  corresponding  to  the  nozzle  of  the  twyer;  it  should 
be  red-white  hot  when  taken  out  of  the  lire. 

The  characters  of  the  slags  afford  important  indications  of  the  work- 
ing condition  of  the  furnace.  They  are  generally  bluish-black.  They 
should  flow  easily,  and  after  quenching  with  water  should  be  light  and 
friable.  They  should  not  run  thick,  nor  throw  out  sparks  on  coming 
in  contact  with  the  air,  which  is  a  sign  that  they  contain  shots  of 
metallic  iron.  However,  the  slags  which  are  at  first  tapped  off  fre- 
quently contain  much  iron,  when,  as  we  have  seen,  they  are  put  back 
into  the  furnace. 

When  the  furnace  is  in  good  working  order  the  eye  of  the  twyer,  i.e. 
the  point  of  light  seen  through  the  broad  end,  should  be  bright 
white. 

Francois  minutely  describes  many  other  indications  concerning  tho 
condition  of  the  furnace,  which  can  only  be  properly  learned  by 
practice. 

Theory  of  the  process. — Richard  and  Francois  have  investigated  the 
progressive  changes  which  occur  in  the  Catalan  furnace  by  carefully 
examining  the  contents  at  different  stages  of  the  process.  In  order  to 
make  these  observations  furnaces  working  under  the  same  conditions 
were  extinguished  at  successive  intervals  from  the  beginning  to  tho 
end  of  a  4 *  heat."  Francois  has  published  numerous  and  very  minute 
details  on  this  subject,  and  has  described  the  microscopic  appearances 
«»f  the  ore  undergoing  reduction.  In  the  following  pages  1  shall  avail 
myself  largely  of  the  labours  of  this  author,  and  translate  freely  from 
his  work. 

In  reading  the  foregoing  description  of  the  process,  the  metallurgist 
will  be  struck  with  the  peculiar  manner  in  which  the  wall  of  ore 
in  lumps  is  arranged  on  No.  4  side,  ami  is  gradually  pushed  down  into 
the  furnace,  while  pounded  ore  (<jreillaite)  is  introduced  from  time  to 
time  in  alternation  with  charcoal.  Now,  by  this  arrangement  the 
gaseous  products  of  combustion  are  compelled  as  far  as  practicable  to 
traverse  the  wall  of  ore,  which,  consisting  of  detached  lumps,  offers  no 
serious  obstacle  to  their  passage.  But  carbonic  oxide  is  a  chief  con- 
stituent of  these  gaseous  products,  and  will  reduce  the  ore  in  a  greater 
or  lens  degree  before  the  latter  falls  into  the  body  of  the  hearth.  The 
ore  being  brown  haematite,  or  hydrated  sesquioxido  of  iron,  loses  its 
water  of  combination  at  a  comparatively  low  temperature,  and  becomes 
porous,  fissured,  and  consequently  pervious  to  gas.  It  is  on  this 
account  that  brown  hajmatito  not  too  compact  is  so  much  in  re- 
quest for  the  direct  method  of  extracting  iron.4  Reduction  will  take 
place  gradually  in  tho  wall  of  ore  from  the  bottom  towards  the  upper 
and  outer  parts,  and  between  these  limits  there  will  obviously  be  every 


5  FmiicoiH,  p.  228. 
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degree  from  metallic  iron  to  unchanged  ore.  This  method  of  effecting 
the  reduction  of  the  ore  is  very  ingenious,  and  well  worthy  of 
attention. 

As  the  ore  descends  into  the  hearth  it  is  exposed  to  a  gradually 
increasing  temperature,  which  at  length  becomes  sufficient  to 
cause  the  silica  to  combine  with  the  associated  earthy  bases  and 
a  considerable  quantity  of  protoxide  of  iron  with  the  formation  of  a 
very  liquid  slag  or  M  cinder."  The  particles  of  reduced  iron  being  ex- 
posed to  a  welding  heat  unite  together  into  a  somewhat  spongy  lump, 
or  masse,  which  retains  a  considerable  amount  of  intermingled  slag. 
The  ore  introduced  in  the  state  of  greillade  is  reduced  also  with  the  for- 
mation of  slag,  and  the  iron  separated  contributes  to  the  growth  of  the 
masse.  The  masse  is  subjected  to  repeated  blows  under  a  heavy 
hammer,  whereby  the  slag  is  more  or  less  completely  extruded,  and 
the  iron  consolidated  into  a  compact  mass,  or  11  bloom." 

The  greillade  being  in  the  state  of  coarse  powder  presents  a  very 
largo  surface  to  the  reducing  action  of  the  ascending  current  of  car- 
bonic oxide  and  the  incandescent  charcoal  with  which  it  comes  in  con- 
tact ;  and  it  must,  therefore,  be  speedily  reduced,  when  tho  resulting 
particles  of  metallic  iron  will  sink  and  collect  into  a  cake  at  the 
bottom  before  any  iron  has  been  detached  from  No.  4  side.  This 
cake  is  termed  "priitcips  da  man<6"  and  is  quaintly  compared  to  a 
foetus  by  Richard:  it  forms  a  thin  covering  over  the  hearth-bottom, 
and  catches  the  pieces  of  iron  subsequently  reduced.  It  is  important 
that  the  princijte  should  be  in  the  centre  of  the  furnace,  neither  too 
high  nor  too  low,  and  a  little  towards  No.  3  side.  It  may  happen 
that  the  prinvipe  may  be  badly  placed  near  one  of  the  sides  of  the 

furnace,  when  it  must  be  de- 
tached in  order  to  induce  the 
formation  of  a  second  in  a  better 
position.*  Sometimes  two  or 
even  more  principt*  are  formed, 
in  which  case  a  sound  and  ho- 
mogeneous masse  cannot  be  obi 
tained. 

Francois  has  divided  the  fur- 
nace into  several  distinct  re- 
gions, corresponding  to  the  re- 
actions which  predominate  in 
eacl i  .  Th  is  i s  done  s i  i n  ply  w  i  t h 
a  view  of  fixing  upon  the  mind 
the  gradual  and  successive 
changes  which  the  ore  under- 
goes in  the  process  of  reduc- 
tion ;  and,  although  the  limits 
which  he  assigns  to  these  several  regions  in  the  accompanying  dia- 
gram, fig.  22,  are  such  as  actually  exist  in  a  furnace  in  good  working 


VcrHc.il  <*-</tion  through  Out  axis  of  ihe  twycr  of  a 
furnace  during  ihc  Uilt'jrttlr  imrl  of  tbe  process. 


6  Francois,  p.  45. 
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order,  and  with  everything  as  it  should  be  during  the  balejade  part  of 
the  process,  yet,  80  far  from  these  limits  being  constant,  Francois 
Btates  that  they  are  subject  to  the  widest,  most  irregular,  and  most 
whimsical  variation,  according  to  the  condition  of  the  furnace,  the 
nature  of  the  ore,  the  quality  of  the  charcoal,  and  the  kind  of  blast.7 
With  respect  to  the  ore  in  lumps,  in  No.  1  calcination  predominates  ; 
in  No.  2  reduction  and  the  appearance  of  pellicles  of  metallic  iron  are 
chiefly  observed  ;  No.  3  is  characterized  by  more  active  reduction, 
incipient  carburization,  and  the  slagging  and  liquation  of  the  earthy 
matters ;  in  No.  4  reduction,  liquation  of  the  earthy  matters  in  the 
form  of  slag,  and  carburization  take  place  simultaneously  with  great 
activity.'  With  respect  to  the  ore  in  the  state  of  greiUade,  in  A,  at 
about  0m  20  (8  in.)  below  the  surface,  calcination  and  reduction  pre- 
dominate; in  B,  which  descends  to  0ro  50  (about  1  ft.  8  in.)  below  the 
surface,  the  characteristic  phenomena  are  reduction  and  the  formation 
of  slag  (scorijieatirm) ;  in  C,  which  includes  the  bath  of  slag,  reduction 
and  liquation  are  developed.9 

At  the  upper  part  of  region  No.  1  the  ore  is  in  detached  pieces, 
having  the  form  but  neither  the  colour  nor  the  texture  of  the  raw  ore. 
The  colour  has  changed  from  ochreish  red  to  bluish  black,  with  a 
slightly  metallic  lustre  ;  and  the  texture  has  become  more  compact 
and  closer  in  grain.  Over  the  entire  surface  of  each  piece  of  ore 
fissures  and  cracks  are  visible,  which  extend  to  a  considerable  depth  ; 
and  every  fragment  is  magnetic.  The  presence  of  magnetic  oxide  of 
iron  is  indicated  by  a  compact  texture,  close  grain,  and  bluish  black 
colour,  especially  upon  the  external  surface  of  the  pieces  and  the  sides 
of  the  cracks,  or  those  parts  most  exposed  to  reducing  action  ;  and  the 
layer  formed  by  this  oxide  increases  with  the  depth  of  region  No.  1. 
If  the  ore  is  much  fissured  (charge  de  fissures),  the  whole  of  the  sesqui- 
oxide  of  iron  which  it  contains  is  converted  into  magnetic  oxide  before 
anv  iron  is  reduced.  If,  on  the  contrarv,  it  continues  close  in  struc- 
ture  and  free  from  fissures,  the  same  pieco  may  present  metallic  iron 
on  the  surface,  then  a  layer  of  the  oxide  of  iron  scale  and  magnetic 
oxide  in  the  centre ;  but,  according  to  Francois,  this  hardly  occurs 
except  in  specimens  of  compact  sesquioxide  of  iron. 

Francois  has  given  the  following  analysis  of  a  mixture  of  several 
lumps  of  different  sizes  taken  from  the  middle  and  bottom  of  region 
No.  1.    Specific  gravity  =  4*54.r>,  that  of  the  raw  ore  on  the  average 
=3-650. 

Sesquioxide  of  iron    41)  21 

Magnetic  oxide  of  iron    26*95 

Brown  oxide  of  manj^incac  Mir'O4,   4  12 

Lime  ami  magnesia    6*00 

Clay  ami  quartz   I  2 '  55 

Loss  by  calcination  (O  and  CO'3)    1«'5 

99  88 

There  was  scarcely  more  combined  silica  present  than  in  the  raw 
ore.    The  carbonates  had  not  yet  been  completely  deprived  of  car- 

'  Op.  cit.  p.  225.  b  Op.  cit  p.  220.  9  Op.  cit  p.  240. 
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bonic  acid,  nor  the  peroxide  of  manganese  wholly  converted  into 
brown  oxide. 

Below  the  lino  of  separation  between  regions  Nos.  1  and  2,  the 
lumps  of  ore,  according  to  Francois,  are  superficially  coated  with  a 
pellicle  or  skin  of  iron,  which  is  rendered  manifest  on  fracture,  and 
which  on  lumps  from  the  lower  part  of  region  No.  2  measures  from 
0-001  to  0*"003  (from  0-04  in.  to  012  in.)  in  thickness.  Under  the 
microscope  this  pelliele  is  seen  to  consist  of  a  confused  aggregation  of 
particles  of  iron  and  imperfectly  formed  slag.  The  body  of  the  lump 
within  the  pelliclo  is  bluish  black,  slightly  vitreous,  has  a  fatty  lustre 
and  wrinkled  texture.'  On  breaking  the  lumps  across,  traces  of  the 
principal  fissures  and  the  metallic  parts  which  lined  their  sides  are 
still  visible  in  the  bodv  forming  the  interior.* 

Francois  has  given  the  following  analyses  of  ore  from  this  region. 
Specific  gravity  of  No.  1  =  4*Gi)5,  and  of  No.  2  =  5-200. 

1  2. 

Metallic  iron   1  04  4  15 

Sosqnioxido  of  irou   22  91  1 1  ■  23 

Protoxide  of  iron   59*21  CO  •  83 

Oxide  of  nmngnnese   4  02  5  50 

1  ame  nnd  tnagnema    5  ■  20  \    Q  u„ 

Chiv   4  55  /    *  98 

Combined  silica   2-10  8  -47 

9903  100  11 


No.  1  from  the  middle,  and  No.  2  from  the  lower  part  of  region 
No.  2.  The  increase  in  the  proportion  of  combined  siliea  will  be  re- 
marked, especially  in  No.  2,  in  which  the  whole  of  the  silica  existed 
in  combination. 

Francois  collected  the  gases  from  region  No.  2  and  found  them  to 
contain  carbonic  acid,  though  in  less  proportion  than  in  region  No.  1. 
lie  states  that  "the  flame  was  highly  charged  with  particles  of  char- 
coal." So  great  is  the  amount  of  charcoal  which  may  thus  be  driven 
off  in  fine  powder,  that  it  covers  the  roofs  of  the  forges  more  than  half 
a  foot  deep,  and  hangs  in  odd  shaped  stalactites  to  the  wall  of  the 
furnace  above  the  twyer  side.* 

In  region  No.  more  active  reduction  occurs.  The  lumps  of  ore 
become  soldered  together  at  their  angles,  without  however  sensibly 
changing  in  form.  'Hie  metallic  pellicle  "  is  developed  and  becomes 
a  true  integument,"  of  which  the  thickness  amounts  even  to  0"  002 
(0-08  in.),  or  more.  The  interior  or  kernel  of  a  lump  is  a  pasty  mass, 
completely  scorified  and  intumesced,  especially  in  the  vicinity  of  the 
metallic  integument.  In  the  lower*  part  of  this  region,  where  the 
temperature  is  stated  to  be  about  1000°  C.  (deep  orange),  all  the 
phenomena  above  described  advance  with  rapidity,  and  the  lumps, 
with  their  integuments,  become  rounded.  When  cut  in  two  at  this 
stage  there  is  constantly  observed  a  scoriaceous,  somewhat  metallic 


1  A  texture  rugmuse,  literally  rugose  or 
wrinkled  texture. 

■  Koyret  dam  la  pate  interieure.  Vote 


is  here  usetl  in  the  sense  in  which  the 
potter  employe  the  word  l«*ly. 
•  Richard,  p.  ItiO. 
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mass,  included  within  a  malleable  envelope,  of  a  dull  grey  colour,  and 
having  frequently  the  aspect  and  grain  of  tchite  cast-iwit,  a  a  a,  fig.  2iJ. 

Francois  describes  this  as  n        e     _  ~_  r  

steely  iron  (fer  acitreux), 
contaminated  with  scori- 
ae-eons,  often  crystalline 
matters.  The  external  sur- 
face is  spotted  with  drops  r^ 
of  dirty  greenish   yellow    Jfc  fl 
slag,  which  exude  through 
pores  in  the  envelope,  visi- 
ble under  a  lens  and  often  A 
with  the  naked  eye,  ccc, 
fig.  23.   The  internal  sur- 
face of  the  integument  is 
studded    with    branching  _  M  „ 

_     .  °  Fig.  23.  Section  of  a  lump  of  or*  during  ibe  prucew  of  reduction 

stalactite-liko  projections 

of  iron,  a  a  a,  which  show  how  it  grows  and  is  developed  by  means  of 
iron  derived  from  the  mass  within.  This  mass,  as  reduction  proceeds, 
yields  iron  to  the  branching  projections,  of  which  the  extremities  aro 
immersed  in  very  liquid  intumesced,  chocolate-coloured  slag,  charged 
with  microscopic  shots  of  metallic  iron.  The  internal  nucleus  has  a 
metallic  black  colour  (<f  un  noir  me'tallu/ue),  is  vitreous  and  completely 
scorified  (entierement  scorifii).  Its  substance  is  charged  with  shots  of 
metal,  and  filled  with  microscopic  spherical  cavities,  which  increase  in 
number  and  size  towards  the  exterior.  These  cavities,  as  Francois  ob- 
serves, prove  the  penetration  and  disengagement  of  gaseous  products. 

Francois  has  given  the  following  analysis  of  tho  internal  portion  or 
kernel  of  a  lump  of  ore  in  this  stage.  It  is  descril>cd  as  semi-fused, 
intumesced,  pasty,  metallic  black  in  colour,  and  vitreous  in  texture. 
Average  specific  gravity  4  090. 

Silica   27-50 

Protoxide  of  iron    41*20 

Protoxide  of  manganese   11  •  <;."> 

Lime   0  oo 

Magnesia  and  alumiuu   2*50 

Boots  of  metal   7*55 

100  00 

The  metallic  integument  is  described  by  Francois  as  steely  iron, 
mixed  with  about  30%  of  slag.  Its  specific  gravity  ranged  from 
5\540  to  5*941.  The  slag  thus  intermixed  with  iron  is  most  frequently 
in  crystals  visible  under  a  lens,  and  consists  of  tribasic  silieato 
(3RO,SiO*).  The  slag  within  tho  metallic  envelope  has  similar  cha- 
racters, but  it  is  always  charged  with  branched  microscopic  particles 
of  iron ;  and  in  the  vicinity  of  tho  internal  nucleus  it  becomes  richer 
in  iron. 

The  gas  collected  in  region  No.  3  burned  with  the  blue  flame  of 
carlionic  oxide,  and  contained  only  a  very  small  quantity  of  carbonic 
acid  and  a  little  hydrogen. 
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J n  region  No.  4,  the  temperature  of  which  is  estimated  at  from 
1200°  to  1300°  C.  (orange-white),  the  lumps  become  flattened,  and  the 
slag  with  which  the  iron  of  the  integument  is  contaminated  separates 
in  great  measure  by  liquation,  while  the  scattered  particles  of  iron, 
coming  in  contact  at  a  welding  heat,  unite  and  form  a  spongy  man. 
According  to  Francois,  reduction,  liquation,  and  the  development  of 
the  integument  take  place  better  in  proportion  to  the  degree  in  which 
the  ore  has  l>cen  fissured  and  split  in  regions  Nos.  1  and  2.  The 
formation  of  the  integument,  on  the  contiary,  languishes  when  the  ore 
is  too  coherent,  or  when  there  is  a  deficiency  in  the  necessary  ingre- 
dients, especially  silica,  to  produce  a  tribasic  slag.  In  the  first  case, 
the  development  of  the  integument  takes  place  uniformly ;  it  is  close 
in  texture  :  its  specific  gravity  often  amounts  to  7*063  ;  and  it  is  less 
charged  with  slag,  of  which  the  liquation  is  effected  with  rapidity, 
especially  in  the  presence  of  a  base,  like  protoxide  of  manganese, 
which  forms  very  fusible  slags  irreducible  at  the  temperature  of  the 
furnace.  In  the  second  case,  the  integument  is  unequally  developed, 
reduction  is  retarded,  and,  liquation  being  impossible,  the  integument 
is  charged  with  pasty  slag,  and  has  consequently  a  specific  gravity 
ranging  from  4-210  to  5*567.  It  then  frequently  happens  that  lumps 
of  ore  descend  into  region  No.  4  with  only  a  feeble  pellicle,  when  they 
melt  and  run  into  the  bath  of  slag  at  the  bottom  in  the  state  of  highly 
basic  silicates,  of  which  the  reduction  is  mostly  imperfect.  This  evil 
may  be  due  to  the  absence  of  a  proper  proportion  of  silica,  or  to  the 
presence  of  too  much  carbonate  of  lime.  At  the  bottom  of  region 
No.  4  the  integuments  are  in  great  measure  united  strongly  together. 

Francois  remarks  that  the  slag  forming  tho  bath  at  the  bottom  of 
the  furnace  always  contains  more  base  than  tho  tribasic  silicate,  and 
that  there  is  always  association  and  proximity  of  tribasic  silicate  with 
metallic  iron.  When  the  furnace  is  in  good  working  order  the  slug 
on  the  whole  approximates  very  sensibly  to  tribasic  silicate. 

Francois  has  given  the  following  aualyses  of  the  metallic  integu- 
ments fiom  region  No.  4. 


1.  2.  3. 

SpcoiHc  gravity   G- 140  0215  70G3 


Metallic  iron    76  098         78  075  K-M00 

Sing    23 • 1 00         2O-400         15- 020 

Cur  Urn   0-005  1-053  1-250 


No.  1,  from  a  furnace-  yielding  ordinary  soft  iron  (fer  dour  ordinaire). 
Nos.  2  and  :>,  at  tho  lower  part  from  a  furnace  yielding  strong  or 
steely  iron  (  fer  fort) ;  carburization  had  taken  place  to  a  considerable 
extent  in  these  pieces  of  iron,  and  this  condition  occurs  when  there  is 
no  longer  any  internal  nucleus  to  reduce,  and,  consequently,  no  highly 
ba.sic  silicate  to  yield,  by  the  reduction  of  a  portion  of  its  protoxide  of 
iron,  oxygen  to  deearburizo  the  contiguous  iron. 

The  gas  collected  in  this  region  burned  with  the  blue  flame  of 
carbonic  oxide,  and  contained  only  traces  of  carbonic  acid. 

In  the  reduction  of  the  greillwie  the  same  succession  of  phenomena 
occur  as  in  the  lumps  of  ore  which  descend  gradually  into  the  furnace 
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on  No.  4  Ride ;  but  the  action  must  obviously  be  more  rapid  in  the 
greillade,  consisting  as  it  does  of  small  part  idea  of  ore,  than  in  the 
comparatively  large  lumps  of  ore  on  No.  4  side.  According  to 
Francois,  in  region  A,  fig.  22,  at  about  0m  20  (7-87  in.)  below  the  surface 
of  the  fire,  calcination  and  reduction  predominate ;  region  B,  which 
descends  to  0B50  (1  ft.  7  (59  in.)  below  the  surface,  is  characterized  by 
the  phenomena  of  reduction  and  scorification  ;  and,  lastly,  in  region  C, 
which  contains  the  bath  of  slag,  reduction  and  liquation  are  developed.4 

Francois  states  that  in  region  B  all  the  pieces  of  charcoal  imbedded 
(empties)  in  the  greiOade,  which  is  now  in  a  pasty  state  from  the  forma- 
tion of  silicates,  become  very  exactly  coated  with  a  metallic  pelliclo  of 
iron.  He  further  remarks,  44  that  a  similar  coating  is  not  only  observed 
upon  charcoal,  but  is  produced  upon  the  surface  of  every  solid  infusible 
body  which  may  be  plunged  into  the  greillade  on  fusion.  It  is  not 
merely  the  effect  of  contact  between  the  charcoal  and  easily  reducible 
basic  silicates,  but  is  due  to  the  fact  that  the  air  blown  in  and  converted 
into  reducing  gas,  by  preference  passes  between  the  metalliferous  paste 
and  the  immersed  body,  as  it  there  meets  with  the  least  resistance  in 
rising  through  the  fire.  The  marked  tendency  of  a  highly  basic  silicate 
to  pass  into  the  state  of  tribasic  silicate  determines  in  the  case  of  pieces 
of  charcoal  a  more  active  reduction,  because  these  pieces  not  only  act 
like  immersed  bodies,  but  burn  under  the  blast,  causing  in  tho  vicinity 
a  high  temperature  and  the  formation  of  reducing  gases."  * 

Francois  asserts  that  the  external  face  of  tho  metallic  pellicles  is 
always  coated  with  chocolate-brown  cryHtals  of  tribasic  silicate  ;  and 
that  the  slag  which  liquates  has  invariably  this  formula,  provided  the 
operation  is  not  badly  conducted  and  not  too  hurried. 

According  to  tho  same  authority,  though  tho  reduction  and  fusion  of 
the  greillade  take  place  rapidly,  yet  the  reduction  is  far  from  pe  rfect,  as 
the  slags  of  the  first  tappings  always  contain  much  more  iron  than  the 
tribasic  silicate,  and  are  often  put  back  into  tho  furnace.  A  decar- 
burizing  action  would  be  produced  by  such  highly  basic  slag  upon  any 
iron  which  may  have  taken  up  carbon,  the  latter  reducing  an  equiva- 
lent proportion  of  protoxide  of  iron  in  tho  slag,  and  being  evolved  in  tho 
state  of  carbonic  oxide.  With  reference  to  the  incompleteness  of  the 
reduction  of  the  greillade,  Richard  goes  so  far  as  to  write — 44  Examina- 
tions of  extinguished  furnaces  (or,  as  he  quaintly  says,  autopsies — a 
term  applied  to  examinations  of  dead  bodies)  and  some  laboratory  expe- 
riments seem  to  demonstrate  to  me  that  it  reaches  the  lowest  part  of  its 
courve  without  the  oxide  of  iron  which  enters  into  its  composition 
being  ever  reduced  to  the  metallic  state.""  Ho  considers  that  almost 
the  sole  object  of  the  greillade  is  to  protect  the  pieces  of  iron  already 
reduced  and  carburized  from  oxidation  and  decarburization  when  the 
smelter  brings  these  pieces  successively  near  the  end  of  the  twyer  in 
order  to  weld  them  finally  together.    In  tho  vicinity  of  the  end  of  the 


4  Op.  cit.  p.  247.  I  no  mom  highly  bnsic  silicate  of  iron  tlmn 

1  Op.  cit  p.  24S.    It  has  born  pro-  tribasic. 

»hown  in  this  work  that  the  re  is       *  Op.  «-it.  p.  ?H3. 
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twyer  the  atmosphere  of  the  furnace  may  be  highly  oxidizing;  and  a 
spiteful  sniolter  sometimes  avails  himself  of  this  fact  to  burn  away  the 
iron  from  the  last  masse  during  the  process  of  re-heating.  He  thus 
reduces  the  yield  of  his  predecessor,  and  may  increase  the  weight  of 
his  own  mouse.  The  greillade,  it  will  be  remembered,  contains  much 
more  earthy  matter  than  the  ore  in  lumps,  and,  as  silica  is  generally  the 
chief  constituent  of  this  matter,  a  proportionately  large  amount  of  slag 
must  be  produced. 

That  portions  of  the  iron  reduced  may  take  up  a  considerable  quan- 
tity of  carbon  is  proved  by  analyses  which  have  been  previously 
introduced,  and  by  others  which  will  follow ;  and  it,  therefore,  seems 
probable  that  partial  carburization  and  subsequent  decarburization  b}' 
a  highly  basic  slag,  consisting  essentially  of  silicate  of  protoxide  of 
iron,  may  be  pretty  constant  phenomena  in  the  Catalan  furnace. 

Francois  has  given  the  following  analyses  of  iron  from  the  upper 
surface  of  the  masse'.  The  metal  was  in  branched  fragments  (fer  ramu- 
liforme),  but  little  malleable,  and  contaminated  with  slag. 


1. 

2. 

7-042 

93-210 

Manganese  

0-521 

0  025 

0.020 

0  420 

6*819 

90  990 

100  000 

No.  1,  from  a  furnace  yielding  soft  iron  (allure  en  fer  doux)y  with  man- 
ganesiferous  ore.  No.  2,  from  a  furnace  working  in  the  usual  way, 
with  an  ore  of  sesquioxide  of  iron. 

Jtichard  and  Francois  have  given  the  following  analyses  of  the  slags 
produced  in  the  Catalan  process. 

1.  2. 

Silica                                       33-542  33  00 

Protoxide  of  iron                         41-771  39  87 

Protoxide  of  manganefu!               12-310  13-00 

Lime                                          K-541  7-20 

Magnesia                                   1-321  235 

A 1  ami  na                                    1  •  905  3 1 05 

Shots  of  iron                                  ..  1-20 

Losa   0010 

100-000        100  27 

No.  1.  By  Kichard.7  Mean  composition  of  all  the  slags  accompanying 
the  formation  of  a  manse  from  12  quintals  (487  kil.)  of  ore  and  greillade, 
and  which  yielded  150  kil.  of  iron  in  bars.  No.  2.  By  Francois." 
Average  of  eight  analyses  of  slags,  both  amorphous  and  crystallized. 
The  specific  gravity  of  a  crystallized  slag  entirely  free  from  metallic 
iron  was  2'050. 

In  these  slags  the  oxygen  of  the  silica  is  about  equal  to  that  of  the 
bases,  so  that  their  formula  is  3liO,SiO»,  which  is  that  of  peridot  or 

7  Op.  eit.  p.  151.  •  Op.  eit.  p.  234. 
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olivine.  Dufrenoy  examined  some  of  the  crystallized  slags  with  which 
Francis  supplied  him,  and  ascertained  that  they  had  the  form  of  that 
mineral.  It  wiil  bo  seen  in  the  sequel  that  such  crystals  are  fre- 
quently produced  in  the  manufacture  of  iron.  The  colour  of  the  slags 
of  the  Catalan  furnace,  according  to  Francois,  is  chocolate  brown, 
often  of  an  olive  tint,  and  occasionally  amber-yellow.  AVhen  free  from 
metallic  iron,  the  tribasic  silicate  is  not  magnetic. 

Conditions  affecting  the  quality  of  the  iron  produced  in  tfie  Catalan  furnace. 
— French  writers  specify  two  distinct  qualities  of  iron — one,  "fer 
doux"  or  soft  iron,  and  the  other,  "fer  fort"  or  steely  iron  (natural 
This  difference  essentially  depends  upon  the  amount  of  carbon 
m  the  iron,  the  soft  iron  containing  either  none  or  only  a  small  pro- 
portion of  this  element,  and  the  steely  iron  containing  it  in  very 
sensible  proportion.  Between  the  two  extremes  of  quality  ihere  may 
be  every  gradation.  We  shall  now  proceed  to  consider  the  special 
conditions  which  favour  the  formation  of  these  two  qualities  of  iron. 
It  will  only  be  necessary  to  examine  in  detail  the  conditions  which 
determine  the  -production  of  steely  iron  or  steel;  for  iho  converse  of 
these  will  be  tTie  conditions  favourable  to  the  production  of  soft  iron. 

The  conditions  which  tend  to  produce  steely  iron  or  steel  (fer  fort) 
are  as  follow  :* — 1.  Less  greiUade  and  moro  charcoal  is  employed. 
2.  The  ore  (mine)  on  Xo.  4  side  is  oftener  pushed  towards  the  fwyer, 
or,  in  other  words,  gradually  and  slowly.  3.  The  tappings  of  the  slag 
are  more  numerous.  4.  Above  everything,  more  time  is  allowed  for 
the  formation  of  the  masse'.  5.  It  is  maintained  by  some  persons  and 
denied  by  others,  that  the  twyor  should  be  less  inclined  and  No.  4 
side  thrown  moro  back  (/to  renverse).  6.  Less  blast  should  be  given 
towards  the  end  of  the  process  than  in  the  case  of  soft  iron.  7.  Dense 
charcoal,  especially  that  of  oak,  is  more  favourable  to  the  formation  of 
uteel  than  light.  8.  The  presence  of  a  considerable  amount  of  manga- 
nese in  the  ore.  After  all,  much  may  depend  on  the  manipulation  of 
the  fnrnace-man,  for  with  the  same  materials  one  man  will  produeo 
much  steel,  while  another  will  only  produce  little  or  none  at  all. 

It  is  affirmed  that  steely  iron  generally,  though  by  no  means  inva- 
riably, occurs  at  the  upper  part  of  the  masse,  towards  its  circumference, 
and  particularly  in  that  part  which  corresponds  to  the  tap-hole. 

I  shall  now  proceed  to  examine  the  rationale  of  these  conditions 
seriatim.  The  two  objects  to  be  attained  are  the  promotion  of  carbu- 
rization  and  the  prevention  of  subsequent  decarburization.  1.  Car- 
burization  of  the  iron  will  obviously  be  promoted.  2.  If  this  part  of 
the  manipulation  is  practised  more  frequently,  the  ore  in  lumps  must 
be  detached  in  smaller  portions,  and,  therefore,  exposed  to  more  exten- 
sive contact  with  incandescent  charcoal,  a  condition  favourable  to 
carburization.  3.  Contact  of  the  massS  in  process  of  formation  with 
highly  basic  slag  of  protoxide  of  iron  is  loss  prolonged,  and  less  slag  is 
allowed  to  accumulate  on  the  bottom  of  the  furnace  at  a  time ;  and  wo 
have  seen  that  such  slag  exerts  a  decarburizing  action  on  iron.  More- 


9  Richard,  p.  271  et  acq.    Frnnoni*.  p.  2G7  et  scq. 
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over,  if  the  statement  of  Kichard  be  correct,  that  the  amount  of  this 
slag  is  in  great  measure  proportionate  to  the  amount  of  greillade,  less  of 
this  slag  is  produced,  since  less  greillade  is  employed.  The  fact  above 
mentioned,  that  when  steely  iron  is  formed  it  will  generally  be  found 
at  the  upper  part  of  the  masse,  may,  possibly,  be  due,  at  least  in  a 
certain  degree,  to  the  circumstance  that  the  lower  part  of  the  masse 
must  be  more  constantly  surrounded  with  slag  and  less  continuously 
in  contact  with  incandescent  charcoal  than  the  upper  part.  4.  This 
implies  longer  contact  of  the  reduced  iron  with  incandescent  charcoal 
before  it  reaches  the  masse.  Francois  lays  stress  on  the  greater  length 
of  time  during  which  the  ore  on  No.  4  side  remains  exposed  to  the 
action  of  cementation,  and  to  the  more  complete  reduction  of  the  ore 
in  the  interior  of  the  lumps,  whereby  the  formation  of  very  highly 
basic  and  decarburizing  slag  is  prevented.  5.  Tho  more  directly  the 
blast  impinges  upon  the  masst,  tho  more  is  its  surface  exposed  to 
oxidation,  or,  what  is  equivalent,  to  decarburization.  6.  Less  oxygen 
will  pass  through  tho  furnace  in  a  given  time,  and  what  does  pass  will 
have  less  velocity ;  and,  though  the  temperature  may  be  thereby  some- 
what lowered,  yet  the  reduced  iron  in  its  descent  will  be  kept  longer 
in  contact  with  incandescent  charcoal :  there  will  also  be  less  free 
oxygen  in  the  gaseous  current  passing  through  the  furnace,  and  the 
iron  will  be  less  exposed  to  decarburization.  7.  This  will  tend  to 
secure  tho  sarao  condition  as  that  last  mentioned.  8.  Francois  explains 
the  action  of  oxido  of  manganese  by  its  readily  forming  a  very  liquid, 
irreduciblo  slag,  not  more  basic  than  tribasic  silicate,  and,  consequently, 
a  slag  which  is  not  decarburizing,  and  serves  to  protect  the  iron  which 
may  have  become  carburized.  As  it  is  not  sensibly  reduced  in  the 
( 'atalan  furnace,  it  passes  into  tho  slag,  forming  a  substitute  for  oxide 
of  iron,  wherebv  the  vield  of  iron  is  increased.  Francois  states  that 
he  has  satisfied  himself  that  steel,  either  strong  or  mild,  did  not 
sensibly  lose  carbon  by  being  kept  immersed  at  a  red-white  heat 
during  5  hours  in  manganesiferous  slag  {dans  un  bain  manganese').1 

If  the  greillade  is  too  siliceous,  it  may  produco  slags  which  gob  the 
fire  (emjxitent  le  feu),  tho  furnace  works  cold  and  irregularly,  and  the 
result  is  a  tender  and  unsound  iron.  If,  on  the  contrary,  it  is  too 
calcareous,  it  produces  yellowish-green,  generally  pasty  Blags,  the 
furnace  works  sluggishly  (failure  languit),  and  the  result  is  a  tender, 
unsound,  and  red-short  iron." 

When  the  furnace  is  on  soft  iron,  with  a  fusible  ore  and  light  charcoal, 
the  twyer  is  more  inclined  than  with  a  refractory  ore  and  strong  char- 
coal ;  and  when  on  steelu  iron,  the  twver  must  neither  be  too  horizontal  nor 
too  inclined,  in  order  that,  on  the  one  hand,  the  blast  may  not  act  too 
rapidly  upon  the  ore,  and,  on  the  other,  that  it  may  not  oxidize  the  mass*'.* 

The  condition  of  the  blast  as  to  moisture  influences  the  quality  of 
the  iron  produced.  Although  tho  blast  from  the  trompo  must  always 
be  saturated,  or  nearly  so,  with  moisture,  yet  the  amount  of  water 
mechanically  carried  over  with  it  may  vary  considerably,  so  that  it 
may  bo  comparatively  dry  or  wet.    With  a  dry  blast  the  furnace  works 


1  Op.  rit.  p.  272  :  also  p.  27!».  »  Francois,  p.  271.  3  ll»i<l.  p.  28.*. 

Digitized  by  Google 


RESULTS  OBTAINED  WITH  HEMATITE  AND  MANGANESE  ORE.  809 


hotter,  more  equably,  and,  cceteris  paribus,  a  softer  and  more  homo- 
geneous iron  is  obtained  than  with  a  icet  blast,  when  the  furnace 
heats  badly  on  account  of  the  extra  quantity  of  water  thrown  into 
it,  and  the  result  is  an  unsound,  badly  welded,  and  irregularly  steely 
iron.  Hence,  under  the  ordinary  conditions  of  working  in  the  Catalan 
furnace,  the  blast  of  the  trompe  favours  the  production  of  steely  iron, 
and  that  of  blowing  cylinders  the  production  of  soft  iron.4 

Francois  has  recorded  some  interesting  results  which  ho  obtained 
with  a  mixture  of  brown  haiinatite  and  refuse  manganese  ores.'  Of 
these  he  has  given  the  following  analyses. 


1.  2. 

Low  by  calcination   1700  18  HO 

Oxide  of  iron    9*64J  10  12 

Oxide  of  manjraneae  (MirHJ1 )   02  ■  00  58  •  00 

Lime   3  40  2  25 

Magnesia   traces  traces 

Clay   7  00  11  30 


100-20  89*97 

The  twyer  was  less  inclined  than  usual,  and  greillade  was  employed 
in  moderate  quantity.  The  mixture  of  ores  consisted  of  425  kil. 
(937  lbs.)  of  good  brown  haematite,  containing  44%  of  iron  and  33  kil. 
(72-7  lbs.)  of  refuse  manganese  ore.  The  yields  obtained  were,  iron 
in  blooms  (massoques)  170  kil.  (374*8  lbs.),  and  iron  in  bars  163  kil. 
(354-4  lbs.),  with  a  consumption  of  301  kil.  (663*7  lbs.)  of  charcoal  per 
cent,  of  bar-iron  (  fer  forge).  The  loss  in  drawing  out  into  bars  was 
only  9  instead  of  13*50  per  cent.  The  iron  obtained  was  perfectly 
welded  and  clean  (essuye)  on  leaving  the  furnace ;  it  was  soft,  very 
homogeneous,  and  filed  and  hammered  well ;  it  was  much  sought  after 
for  making  steel  by  the  cementation  process,  and  produced  steels  easily 
worked  in  the  fire,  malleable,  and  remarkably  weldable.  He  attri- 
butes this  to  the  presence  of  manganese  in  the  iron,  and  the  formation 
of  slags,  which  protected  the  steel  after  its  formation  in  the  furnace. 
He  gives  the  following  analyses  of  the  iron  and  slags. 


Iron. 

1. 

2. 

99*63 

90-55 

0  12 

0-20 

traces 

010 

015 

09  85 

99*90 

L 

2. 

33*00 

29*00 

28-10 

29-00 

Protoxide  of  manganese 

18-70 

9-00 

890 

5  00* 

100*40 

100-00 

Metallic  iron  per  cent.  , 

22-39 

•  Tula  analgia  b  erroneous.   1  have  transcribed  a*  given.   There  U  a  deficiency  of  20  */„.   Tit*  number 

5-00  •houkl  probably  be  25  00. 


'  Fraucois,  p.  290.  1  <>l>.  cit.  p.  275. 
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These  slags  were  very  liquid,  and  were  not  magnetic.  The  oxygen 
of  the  silica  is  nearly  the  same  as  that  of  the  bases,  so  that  their  formula 
is  3UO,SiO\ 

Characters  of  the  iron  produced  in  the  Catalan  process. — It  is  described 
by  Francois  as  in  general  fibrous,  hard,  very  malleable,  and  particu- 
larly tenacious,  but  deficient  in  homogeneity.  Its  body  is  more  or  less 
charged  with  spots  and  grains  of  steel,  which  render  it  difficult  to  tile 
or  hammer.  Moreover,  owing  to  imperfect  extrusion  of  the  slag,  it  is 
apt  to  bo  unsound  and  deficient  in  malleability.  Francois  has  given 
analyses  of  five  varieties  of  iron  produced  in  the  Ariege,  from  which  it 
would  appear  that  the  metal,  with  the  exception  of  one,  was  nearly 
chemically  pure  iron,  the  percentages  of  iron  being  as  follow  :  99*9905, 
99-9932,  99-9905,  99*9030,  99  9990 :  the  other  constituents  are  carbon, 
slag  and  silica,  and  manganese.  I  confess  that  these  numbers  not  a 
little  surprise  me,  and  I  am  inclined  to  suppose  there  must  be  some 
mistake. 

Com  if  unci  al  Detials. 

In  the  table  subjoined  are  presented  the  yields,  charges  of  ore, 
and  consumption  of  charcoal  in  1841  at  three  forges  in  good  working 
order.' 


Name  of  Forge. 

Average  per  Furnace  in 
kilogramme*. 

Average  *>er  100  of  Bar-iron. 

Ore. 

Charcoal. 

liar-iron. 

Ore. 

Charo«l. 

Bar-iron. 

510-20 
51000 
.  • 

400  04 
450-00 
. . 

108-00 
105  00 
105-50 

300-30 
300  99 
302-00 

273-80 
278-10 
207  00 

100 
100 
100 

With  the  same  oro  the  yields  varied  somewhat  in  different  localities, 
according  to  the  res}>ective  prices  of  ore  and  charcoal:  thus,  in  forges 
near  the  mines  charcoal  might  be  dear  and  ore  cheap,  whilst  in  others 
at  a  distance  from  the  mines  charcoal  might  bo  cheap  and  ore  dear, 
when,  in  the  former  case,  charcoal,  and,  in  the  latter  case,  ore,  would 
be  economized  as  much  as  possible. 

In  1839  and  1840,  49  furnaces  in  operation  in  the  department  of 
Ariege,  in  38,200  fires  or  heats,  produced  58,550  metrical  quintals7  of 
iron  (about  5800  tons),  selling  at  the  forgo  at  43*5  francs  per  quintal  ; 
or,  on  the  average,  779  fires  and  1194  metrical  quintals  per  forge. 
Of  this  amount  of  iron,  2150  metrical  quintals,  or  ^  of  the  whole, 
were  natural  steel  {far  fort),  which  was  in  demand  for  agricultural 
purposes. 

Francois  has  given  the  following  balance-sheet  of  a  forge  at  Vicdessos 
(Pyrenees)  in  1840,  making  1000  fires,  and  yielding  153  kil.  of  iron 
per  fire. 


*  Francois,  p.  50.     The  commercial  i     7  A  metrical  quintal  ib  100  kil.,  and 
<lctaih»  are  chiefly  from  this  author.  |  1000  kil.  about  a  ton. 

* 
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Cost  of  Production  of  100  kil.  of  Bak-iro.v  (fer  forgk)  at  the  fokge. 

Francs. 

310  kil.  of  ore  at  2  fr.  per  100  kil   6  20 

302  kil.  of  charcoal  at  8  fr.  20    24  70 

labour  [main-fTacurre)    5  05 

A  keeper  of  the  forj*e,  and  a  manager  ganlejorgc  el  commit),  at)  n  Q 

.  1500  fr.  per  annum   f  uyi 

Repairs  (cntretien  de  l  usine),  1200  fr   0*80 

Interest  at  5  %  on  plant,  25,000  fr   1  •  03 

Interest  at  6  7o"on  rolling  stock  as  under  [  foiuh  de  roulement  ,,  20,000  fr.  0  98  ~ 

For  purchase  of  ore   3,000  fr, 

Do.  charcoal   25,000  fr. 

Wages  of  workmen   1,000  fr.  \ 

Cost  of  production  of  100  kil.  of  iron  (£113    10£>   40  C5  . 

.  , 

Selliug  price  at  the  forge  in  1840  (£1  15  10,    43- 00 

Net  profit  (£0    2    2|)    2  05 

The  co=t  of  production  per  ton  of  2240  lbs.  is    £17    4    1 J 

The  selling  price         do.            do.    £1K    4  0 

Net  profit                    do.             do.    £0  19  10 J 

The  annual  profit  would,  therefore,  be  nearly    £150    0  0 

It  will  be  observed  that  the  labour  alone  upon  the  ton  (2240  lbs.)  of 
iron  amounts  to  about  21.  10s.,  and  the  fuel  to  about  10/.  Good  bar-iron 
may  now  (April,  1862)  bo  purchased  at  about  67.  per  ton  (English). 

In  the  present  day,  with  the  existing  facilities  of  steam  communi- 
cation by  sea  and  land,  and  the  enormous  production  of  bar-iron  well 
adapted  for  many  of  the  purposes  at  least  to  which  iron  from  the 
Catalan  forges  has  been  applied,  and  generally  selling  at  a  little  more 
than  a  third  the  price  above  stated,  it  is  evident  that  there  can  only 
be  comparatively  few  localities  in  Europe  where  these  forges  can  bo 
conducted  with  profit.  In  mountainous  regions,  abounding  in  rich 
iron-ores  and  wood  suitable  for  charcoal,  and  still  inaccessible  to  rail- 
ways, the  Catalan  process  may  hold  its  ground  ;  but  certainly  not  in 
localities,  however  advantageous  with  respect  to  ore,  fuel,  and  water- 
power,  where  it  is  unprotected  by  high  rates  of  carriage  or  other 
circumstances  from  competition  with  iron  smelted  and  manufactured 
by  modern  processes.  Its  advantages  are,  that  the  outlay  and  floating 
capital  required  for  a  foi-ge  are  inconsiderable,  and  the  consumption  of 
charcoal  is  comparatively  small. 

Francois  makes  somo  judicious  remarks  on  the  ignorance  of  the 
Catalan  iron-masters,  which  I  may  insert  with  advantage.  He  writes, 
"There  is  ground  for  astonishment  at  the  remuneration  of  the  workman 
in  our  forges,  remuneration  which  in  the  caso  of  the  head-men  often 
reaches  8  fr.  or  more  per  day  of  labour.  But  on  inspecting  the  forgen 
it  is  soon  perceived  that  tho  ignorance  of  the  iron-master  and  his 
neglect  of  his  establishment  give  rise  to  a  certain  extent  to  tho  pro- 
tensions  of  the  workmen.  Mention  has  often  been  made  of  the  inutility 
of  the  man  (the  foyer)  who  has  charge  of  the  fire.  1  confess  that  he  is 
not  indispensable  to  an  iron  master  informed  in  the  practice  of  his  art. 
But  in  his  present  complete  ignorance  can  he  expect  seriously  to  exert 
any  influence  over  his  forgers?    He  is  under  the  law  of  the  workman 
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and  will  be  bo  as  long  as  he  continues  a  mere  dealer  in  iron,  humiliates 
himself  before  the  pretended  omnipotence  of  routine,  and  repudiates 
the  efficient  co  operation  of  applied  science."" 

The  prejudice,  obstinacy,  and  impracticability  of  the  workmen 
in  the  Catalan  forgos  are  set  prominently  forth  in  the  writings 
of  Kichard,  Francois,  and  others,  men  understanding  both  the  theory 
and  practice  of  the  art.  Unhappily  the  workmen  in  our  own  iron- 
works have  too  frequently  exhibited  tho  same  qualities,  to  the  great 
injury  of  themselves  and  their  masters.  Even  at  tho  present  day 
attempts  at  innovation  in  processes  in  operation  would,  in  some 
localities  at  least,  bo  certain  to  meet  with  fierce  opposition  from  the 
workmen.  This  will  not  appear  altogether  surprising  or  unnatural 
when  wo  consider  that  these  men,  having  by  dint  of  long  practice  and 
hard  work  acquired  special  skill,  which  commands  a  good  price  in  the 
labour  market,  fear  that  innovations  may  diminish  the  value  of  their 
services.  And,  doubtless,  innovations  have  in  some  instances  occa- 
sioned great  temporary  distress  to  many  industrious  and  deserving 
men.  Nevertheless,  resistance  is  utterly  vain.  If  improvements  are 
rejected  in  one  locality,  they  will  certainly  take  root  and  thrive  in 
another.  Numerous  examples  might  be  cited  in  which,  through  the 
obstinate  and  determined  opposition  of  workmen  to  all  improvements,  a 
thriving  manufacture  has  been  annihilated  in  one  town,  but  only  to  be 
transplanted  and  flourish  with  greater  vigour  in  another.  The  moral 
is,  that  tho  workman  should  not  hopelossly  attempt  to  retard  or 
check  the  irresistible  law  of  progress,  but  should  earnestly  try  to 
adapt  himself  to  inevitable  circumstances.  Keally  intelligent  and 
skilful  men  will  find  this  to  be  tho  most  prudent  course,  and  in  the 
long  run  they  will  probably  have  no  cause  to  complain. 


Improvements  in  the  Catalan  Process. 

Utilization  of  the  waste  lieat.— An  account  was  published  in  1850  of  the 
successful  application  of  the  waste  heat  in  some  of  tho  Catalan,  or  as 
they  are  termed  Catalano-Ligurian,  forges  in  Sardinia,  of  which  there 
were  as  many  as  forty  in  operation  in  the  province  of  Genoa.*  They 
appear  to  have  been  established  in  this  district  at  a  very  remote 
period,  as  no  record  of  their  origin  had  been  preserved  either  in 
history  or  popular  traditions.  They  resemble  the  Pyrenean  forges  iu 
tho  form,  dimensions,  and  construction  of  tho  furnaces,  as  well  as  in 
tho  use  of  the  trompo.  Even  tho  Italian  names  of  various  parts  of  the 
furnace  are  similar  to  those  of  the  French.  The  ore  employed  is  ob- 
tained from  the  Island  of  Elba,  and  is  described  as  "  scaly  compact 
specular  iron."  1  An  analysis  of  it  made  in  the  arsenal  at  Turin  gave 
the  following  composition  : — 


*  Op.  cit.  i>.  337. 

B  Notices  sur  Us  usines  Catalnno-Ligu- 
rionnes  et  but  les  Hvantngt  s  rrorninient 
obtenui  en  utilisant  les  Uanimes  pvitlues. 


Pur  C.  Bulilrucco  (troduit  pur  MM.  Jur- 
duno  et  GustaMi).  Aim.  tl.  Mines.  4.  s. 
12.    1850,  p.  143. 

1  Fer  oligiste  ecaillcux  et  complete. 
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Protoxide  of  iron    1  ,l>l 

Sesquioxide  of  iron    IKJ  •  04 

Magnesia    traces 

Silica   2-15 

  0-20 


100  00 


Metallic  iron   68  51% 

It  frequently  contained  visible  traces  of  iron  and  copper  pyrites, 
which  were  separated  as  completely  as  possible  ;  and  when  no  traces 
of  these  minerals  could  be  detected  by  the  eye,  their  presence  was 
manifested  by  the  odour  of  sulphurous  acid  evolved  from  the  ore 
during  roasting.  Old  cast-iron  and  wrought-iron  scrap  were  treated 
along  with  the  ore.  The  fuel  was  charcoal.  The  ore  was  charged  in 
the  manner  previously  described  in  the  Pyrenean  forges. 

The  following  charges  and  yields  are  given  : — 

L  2. 

klL  kit. 

Ore  in  lumps    190  G8   i  .... 

Ore  in  powder   47*65   f  m  W 

Cast-iron   23  82    25  82 

Wrought- iron  scrap   15  88    15  88 

Charcoal    428- 81    008  72 

General  yield  of  iron  in  square  bars. 


requiring  a  further  consumption  of 
135  kiL  of  charcoal  in  being  drawn 
out  into  merchant  bars  


135  00    131  80 

Iron  in  merchant  burs   1 25  •  2 1 

1.  At  the  Tripalda  and  Prato  forges.    2.  At  the  Sassello  forges. 

It  was  at  the  Tripalda  forge,  where,  during  the  greater  part  of  a  heat, 
6k60  of  air  were  blown  into  a  furnace  per  minute,  that  a  flat-bedded 
reverberatory  furnace  was  first  constructed,  so  as  to  receive  the  flame 
escaping  from  a  Catalan  hearth,  the  long  axis  of  the  furnace  being 
parallel  to  the  line  of  the  blast ;  and  afterwards  another  similar  rever- 
beratory furnace  was  erected  at  the  Prato  forge,  with  the  long  axis  at 
right  angles  to  the  line  of  the  blast.  One  end  of  the  furnace  was  con- 
nected with  the  Catalan  hearth  by  means  of  a  hood  of  mason  work  at  a 
convenient  distance  above,  and  directly  over  the  latter.  At  the  other 
end  was  a  charging  hole,  immediately  within  and  above  which  was  a 
vertical  chamber  (which  I  will  call  C),  having,  like  a  fire  place,  a 
grate  at  the  bottom  and  a  door  on  one  side,  and  terminating  upwards 
in  a  chimney.  The  waste  flame  from  the  hearth  was  thus  guided  by 
the  hood  through  one  end  of  the  reverberatory  furnace,  passed  along 
over  the  bed,  then  rose  perpendicularly  through  the  grate  into  the 
chamber  C,  and  from  thence  escaped  into  the  chimney. 

The  ore  was  delivered  at  the  forges  in  lumps  as  big  as  the  head,  or 
even  larger.  In  this  state  it  was  strongly  heated  on  the  grate  of  the 
chamber  C,  when  it  evolved  the  odour  of  sulphurous  acid,  though  no 
pyrites  could  be  detected  in  it,  even  under  a  lens.  After  having  been 
thus  heated  during  some  time  it  was  withdrawn,  and  thrown  while 
hot  into  water,  by  which  means  it  was  rendered  easily  fragile  and 
porous,  and  lost  about  5°/c  in  weight.    It  was  then  broken  into  lumps 
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and  coarso  powder  (gre&ade),  and  spread  evenly  over  a  layer  of  charcoal 
in  fragments,  with  which  the  bed  of  the  reverberatory  furnace  had  been 
previously  covered.  The  charcoal  is  essential,  as  shown  by  attempts 
to  dispense  with  it.  The  ore,  being  thus  exposed  at  a  tolerably  high 
temperature  to  contact  with  charcoal  and  to  the  reducing  action  of  the 
gases  of  the  Catalan  hearth  during  the  whole  period  of  one  heat,  lost 
from  10  to  12%  of  oxygen.  The  bed  of  charcoal  was  entirely  con- 
sumed in  this  operation.  Some  cast-iron  and  wrought-iron  scrap  was 
afterwards  added  to  the  ore,  and  the  whole  charge,  while  still  hot, 
pushed  regularly  by  means  of  a  rabble  through  the  charging  hole  into 
the  hearth  ready  to  receive  it.  By  this  preliminary  treatment  5  heats 
instead  of  4  could  be  worked  off  daily,  with  great  economy  in  char- 
coal, improvement  in  the  quality  of  the  iron,  and  a  little  greater  yield. 
It  was  necessary  to  prevent  the  reverberatory  furnace  from  becoming 
so  hot  as  to  frit  or  fuse  the  ore. 

In  these  forges  there  were  separate  furnaces  for  reheating  the  iron 
during  the  drawing  out  into  bars,  the  waste  flame  of  which  was  em- 
ployed with  great  advantage  in  heating  reverberatory  furnaces; 
smaller,  but  in  other  respects  similar  to  those  already  described,  with 
the  exception  of  the  absence  of  the  grate  in  the  chamber  C.  The  im- 
mediate result  was  great  economy  both  of  charcoal  and  time  in  the  re- 
heating of  the  iron. 

Previously  to  the  utilization  of  the  waste  heat  of  the  Catalan  furnaces 
the  consumption  of  charcoal  was  4*35  to  1  of  merchant  iron  produced, 
whereas  afterwards  the  relation  was  only  2  57  to  1. 

if 

The  following  results  were  obtained  at  the  Tripalda  forgo  after  the 
adoption  of  tho  method  of  utilizing  the  waste  heat : 


Time 

Heats. 

Raw  Material*. 

Iron 

employed. 

Ore  in 

Ore  in 
powder. 

Cast  Iron. 

Wrougut-lron 
scrap. 

Charcoal. 

obtained. 

Hour*. 

Noe. 

Kil. 

KU. 



KiL 

KU. 

KU. 

KU. 

4<)t) 

103 

9813 

6552 

2454 

3272 

20,172 

14,714 

This  is  at  the  rate  of  about  tons  per  week  of  6  days  of  24  hours 
each. 

From  the  data  in  the  preceding  table  it  appears  that  by  the  im- 
proved method  30  heats  instead  of  24  as  heretofore  might  be  worked 
off  per  furnace  in  a  week  of  144  hours,  i.e.  in  0  days,  with  the  con- 
sumption per  heat  of  95"  3  of  ore  in  lumps,  63k  50  of  ore  in  powder, 
23k  80  of  cast-iron,  31*  75  of  wrought-iron  scrap,  and  254  kil.  of  char- 
coal, and  with  a  yield  of  143  kil.  of  iron  of  good  quality  in  square 
bars.  Besides,  with  a  reheating  furnace  in  which  tho  waste  heat  was 
utilized  in  the  manner  described  in  the  same  establishment,  715  kil.  of 
iron  might  bo  drawn  out  daily  instead  of  476  kil.,  as  heretofore,  during 
the  same  time. 

Estimating  the  general  annual  expenses  of  a  Catalano-Ligurian 
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forge  at  3700  francs  (about  150/.).  and  taking  account  of  all  expense*, 
the  cost  of  production  by  the  old  method  was  38fr  28,  and  by  the  new 
method  28fr94,  per  100  kil.  of  merchant  bar-iron,  i.e.  in  round  numbers 
about  162,  and  12/.  per  ton  respectively. 

It  will  perhaps  be  considered  by  some  persons  that  I  have  described 
the  Catalan  process  at  unnecessary  length,  because  it  is  now  defunct,  or 
very  nearly  BO,  in  Europe,  and  is  not  likely  to  be  resumed.  But  surely 
the  process  by  which  all  iron  was  formerly  produced  merits  more  than 
a  passing  notice  on  the  ground  of  historic  interest  alone.  There  are, 
however,  other  reasons  which  have  induced  mo  to  present  a  detailed 
account  of  this  process.  Such  an  account  teaches  much  which  will  bo 
found  of  value  in  our  future  inquiries,  and  may  be  useful  to  emigrants 
in  some  distant  and  comparatively  inaccessible  region,  where  the 
Catalan  process  might  be  carried  on  with  advantage,  and  compete  suc- 
cessfully even  with  British  iron. 

Cobsican  Process.' 

This  method  presents  several  points  of  interest,  and  the  apparatus 
which  it  requires  is  of  the  simplest  kind,  being  in  reality  nothing  more 
than  a  blacksmith's  forge.  It  appears  to  have  been  practised  in 
Corsica  from  a  remote  period.  In  1812  there  were  eight  of  these 
small  forges  at  work,  in  1820 six,  and  in  1828  only  four;  but  whether 
any  still  exist  I  am  unable  to  state. 

The  ore  employed  was  the  well-known  red  hematite  or  specular  ore 
of  Elba.  It  reached  Corsica  in  largo  lumps,  and  was  carried  on  mules' 
backs  to  the  forges  without  sensible  loss.  It  was  first  heated  in  the 
manner  hereafter  to  be  described  in  order  to  render  it  more  fragile, 
and  afterwards  broken  in  pieces  by  hand.  The  fuel  was  charcoal, 
made  from  the  esculent  chestnut  tree.  The  blast  was  obtained  with  a 
trompe  (tine)  having  one  tree  7"  00  (23  ft,  nearly)  high.  The  ham- 
mer was  of  wrought-iron  faced  with  steel;  it  weighed  144  kil.  7-5 
lbs.),  and  was  moved  by  a  water-wheel.  The  anvil  was  of  wmught- 
irun  faced  with  steel ;  it  weighed  80  kil.  (176*4  lbs.),  and  was  supported 
by  a  mass  of  cast-iron  weighing  1000  kil.  (about  1  ton.) 

The  hearth  is  represented  in  the  accompanying  engravings.  It 
consists  of  a  flat  platform  of  mason-work,  of  which  the  top  is  at  a 
convenient  height  from  the  ground,  bounded  in  front  by  a  little 
vertical  wall,  and  on  the  left  by  a  vertical  wall  containing  the  twyer ; 
these  two  walls  corresponding  respectively  to  Nos.  1  and  2  sides  of  the 
Catalan  furnace.  In  the  front  wall  is  a  movable  plate  of  iron  (seo 
fig.  24),  in  which  is  the  tap-hole,  O"  50  (1  ft.  7  7  in.)  from  tho  left 
wall  and  0"  5b'  (1  ft.  10  in.)  from  the  vertical  plane  passing  through 


2  Vide  Notice  sur  la  fabrication  du  fer  feet  which  I  have  not  yet  seen ;  it*  title 
DO  Con*.  Par  M.  Sagey,  1828.  Ann.  d.  is,  Memoire  sur  la  inanicre  (font  on  ex- 
Mints,  2.  ser.  4.  pp.  121-144.  Das  Wich-  trait  en  Corse  le  fer.  Par  Du  Coudrny. 
tigste  sua  der  Eiscuhiittenkunde  von  Paris,  1775,  8vo.  I  derive  my  information 
<'  H.  llassenfratz.  Leipsig,  1822,  p.  324.  from  Sageys  paper,  and  some  years  ago 
Traiiblation  from  the  French  by  Hasse.  I  had  the  opportunity  of  conversing  with 
There  is  also  a  bpecial  work  on  this  sub-  the  author  on  the  subject. 
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Hg.  24.   Corsican  furnace.  Elevation. 


■ 


2fv 


la 


the  axis  of  tlie  twyer,  and  0m  15  (5*9  in.)  below  the  orifice  of  the  latter. 
The  twyer  is  a  conical  tube  of  copper ;  its  eye  or  small  end  is  circular, 
0-031  (122  in.)  in  diameter;  it  is  placed  0"50(1  ft.  7*7  in.)  above 

the  top  of  the  platform ;  its  dip  is 
20°,  and  it  projects  0*28  (11  in.). 
The  top  of  the  platform  is  always 
kept  covered  with  a  very  thick 
bed  of  charcoal  breeze. 

As  soon  as  the  lump  formed  in 
the  last  operation  had  been  with- 
drawn, the  fire  was  extinguished 
by  throwing  water  upon  it ;  the 
large  pieces  of  charcoal  were  taken 
out,  and  the  blast  let  on  in  order 
to  hasten  the  cooling ;  the  mass  in 
the  hearth  was  stirred  up,  aud 
any  slag  contained  in  it  was  care- 
fully removed.    A  semi-elliptical 
cavity  or  basin  was  then  made 
round  the  twyor  in  the  residual 
moistened  breeze,  the  bottom  being 
0m  11  (4-33  in.)  below  the  orifice  of 
the  twyor,  and  the  great  axis  of 
the  ellipse  in  the  line  from  the  tap- 
hole  to  what  would  be  No.  3  side 
of  a  Catalan  furnace  :  it  was  sup- 
ported externally  by  a  wall  formed 
of  largo  lumps  of  ore :  see  fig.  25. 
In  this  cavity,  which  1  will  distin- 
guish by  the  name  of  breeze  cavity, 
charcoal  was  piled,  as  shown  in  fig. 
25,  so  as  to  form  a  well  or  vertical 
cavity  widening  upwards.  Pieces 
of  charcoal  about  0m  05  (2  in.)  in 
diameter  and  about  0m  16  (6  in.) 
long  were  selected  for  this  purpose. 
The  wall  of  ore  supporting  the 
breeze  cavity  was  raised  as  high  as 
the  top  of  the  well,  smaller  lumps 
being  used  for  this  purpose :  see 
fig.  25.    The  space  thus  left  round 
the  exterior  of  the  well  of  charcoal 
was  divided  into  three  compart- 
ments by   vertical   partitions  of 
charcoal,  built  up  ]>ari~passu  with  the  well  itself ;  and  the  central  one 
was  the  largest.    Each  of  these  was  carefully  filled  with  a  mixture  of 
ore  broken  in  pieces  and  mixed  with  its  dust,  prepared  as  before  de- 
scribed ;  and  on  a  level  with  the  top  of  the  border  of  the  breeze  cavity 
at  first  formed  there  was  interposed  a  horizontal  layer  of  breeze  :  fee 


Kig.  25.   Conican  furnace. 

Vertical  section  on  tbe  line  A  B,  Fig.  26. 


Fig.  U.    Corsican  furnace. 
Horizontal  section  on  the  line  A  B,  Fig.  25. 
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fig.  '2b.  The  heap  of  charcoal  and  ore  thus  raised  was  finally  covered 
with  breeze,  and  at  the  top  it  was  0m  74  (29*  14  in.)  above  the  bottom 
of  the  breeze  cavity.  The  weight  of  the  charge  of  ore  treated  in  one 
operation  was  526  kil.  (1160  lbs.). 

The  process  was  conducted  as  follows : — A  few  pieces  of  ignited 
charcoal  were  dropped  into  the  well  and  covered  with  cold  charcoal, 
and  a  gentle  blast  was  then  let  on.  The  flame,  which  soon  appeared, 
ceased  after  the  lapse  of  about  40  minutes,  when  the  workmen  stated 
the  ore  to  "  be  half-cooked "  (a  moitie  cuit).  The  blast  was  now 
turned  full  on,  and  the  well  kept  constantly  full  of  charcoal.  AVhen 
the  so-called  44  roasting," — i.  e.  redaction  of  the  ore, — had  nearly  ended, 
44  several  cakes  of  slag  (scories  douces)  were  withdrawn  from  a  lateral 
basin  very  close  to  the  hearth,  pounded  under  a  hammer,  and  spread 
out  in  a  bed  0"  02  (0*79  in.)  thick  along  the  edge  of  the  hearth." 

A  few  minutes  after  the  last  charge  of  charcoal  the  large  lumps 
of  ore  forming  the  bottom  of  the  outer  wall  were  withdrawn,  and 
taken  to  the  place  where  they  were  to  be  broken  up.  During  this 
period  much  water  was  thrown  on  the  hearth.  The  mass  forming  the 
breeze  cavity,  and  containing  pieces  of  non-agglomerated  ore,  was 
withdrawn  and  spread  over  the  layer  of  pounded  slag.  The  agglo- 
merated ore  sustained  itself  round  the  well  of  charcoal ;  but  that  part 
of  it  above  the  horizontal  bed  of  breeze  (sec  fig.  2o)  was  broken  down 
with  a  rabble,  and  taken  away  piecemeal,  the  large  pieces  of  charcoal 
were  put  in  a  heap,  and  the  whole  quenched  with  water.  Thus  the 
entire  structure  was  demolished,  and  a  mass  of  slag  was  found  under 
the  twyer.    The  ore  was  in  great  measure  agglomerated. 

The  mixture  of  slag  and  breeze,  forming  a  long  heap  on  the  hearth, 
was  divided  into  5  equal  parts,  each  of  which  with  the  addition  of  -fth 
of  the  agglomerated  ore  yielded  one  lump  or  masse  (maxsello). 

Care  was  taken,  especially  at  the  beginning  of  the  process,  not  to 
raise  the  temperature  so  high  as  to  melt  the  ore.  Such  an  accident 
rarely  happened ;  but  when  it  did,  the  only  thing  was  to  break  up 
the  agglomerated  ore  and  recommence  the  so-called  44  roasting."  The 
charcoal  consumed  in  44  roasting"  was  about  twice  the  weight  of  the 
ore.  M.  Sagey  observes  that  it  was  a  remarkable  fact  that  the  pieces 
of  charcoal  forming  the  cavity  were  very  well  preserved  during  the 
entire  operation,  and  that  the  solidity  of  the  structure  was  never 
endangered,  notwithstanding  the  temperature  was  very  high,  and  the 
amount  of  air  blown  into  the  hearth  considerable. 

The  products  of  the  operation  described  were  aqglmwrated  ore  and 
which  filtered  through  the  charcoal  forming  the  base  of  the  well 
and  collected  at  the  bottom  of  the  breeze  cavity-  They  are  stated 
to  liave  been  produced  by  the  fusion  of  a  reddish  clay  existing  in  small 
veins  in  the  Elba  iron-ore.  Tho  characters  of  the  slags,  according  to 
M.  Sagey,  were  as  follow  : — well  melted,  glassy,  transjmrent,  and  of  a 
clear  olive-green  colour ;  they  contained  imbedded  in  their  substance 
metallic  globules  of  cast-iron,  and  a  pretty  large  amount  of  fragments  of 
charcoal,  very  thinly  coated  with  metallic  iron,  which  at  first  might  not 
be  distinctly  visible,  though  it  afterwards  became  manifest  on  rusting. 
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The  agglomerated  ore  could  be  broken  in  pieces  under  the  hammer ; 
but  most  of  these  might  with  proper  precautions  be  hammered  out 
cold  into  thin  sheets.  It  evidently  consisted  essentially  of  metallic 
iron. 

It  now  remained  to  work  up  the  reduced  ore  into  lumps  and  to  forge 
them  into  bars,  and  this  was  done  on  the  same  hearth  as  that  employed 
in  the  operation  above-described.  Fresh  dry  charcoal  dust  from  the 
charcoal  store-house,  and  which  had  been  previously  freed  by  washing 
from  earthy  powder  intermingled  with  it,  was  thrown  upon  the 
hearth  and  piled  so  as  to  form  two  inclined  planes,  meeting  below  the 
twyer  in  a  horizontal  line  perpendicular  to  the  twyer  side :  these 
inclined  planes  rose  to  the  height  of  the  little  tap-hole  wall  in  front. 
Ignited  charcoal  was  put  round  the  twyer,  and  cold  charcoal  under- 
neath it ;  and  upon  the  latter  was  placed  a  lump,  which  was  then 
above  the  twyer.  This  lump  was  roughly  cylindrical,  and  had  a  rod 
or  staff  of  iron  welded  to  one  end  in  the  direction  of  its  long  axis  to 
serve  the  purpose  of  a  handle.  It  was  turned  about  at  intervals,  and, 
after  the  lapse  of  about  20  or  25  minutes,  was  taken  to  the  hammer  to 
be  forged.  While  the  forging  was  going  on,  a  charge  of  the  mixture 
of  breeze,  non-agglomerated  ore,  and  pounded  slag,  previously  men- 
tioned, was  introduced  along  with  hammer-scales  from  the  last  forging 
into  the  middle  of  the  hearth.  This  charge  was  left  to  itself,  and  the 
forging  continued  as  though  charcoal  alone  had  been  present  in  the 
hearth.  Each  of  the  five  portions  from  the  "  roasting  "  part  of  the 
process  yielded  a  lump  from  which  four  bare  of  iron  were  obtained. 

The  drawing  out  into  bars  lasted  somewhat  less  than  2  hours  from 
the  time  the  blast  was  let  on.  The  management  of  the  fire  consisted 
in  supplying  charcoal  as  fast  as  it  was  consumed,  throwing  water  over 
the  fire,  and  keeping  the  twyer  free  and  open.  In  heating  a  lump  of 
iron  for  forging,  it  was  always  placed  in  front  of,  and  a  little  above, 
the  twyer,  so  that  the  blast  might  not  impinge  directly  upon  it  and 
occasion  unnecessary  waste  by  oxidation. 

An  hour  and  a  half  after  the  beginning  of  the  operation  the  tap-hole 
was  opened,  when  very  liquid  slag  escaped,  which  was  received  in  a 
breeze  cavity  quite  close  to  the  tap-hole.  Half  of  the  agglomerated 
ore  was  now  placed  in  front  of  tho  bed  of  breeze  constituting  the  hearth 
proper  and  nearly  at  the  height  of  the  twyer,  and  in  5  or  (I  minutes 
afterwards  it  was  pushed  horizontally  towards  the  centre.  Being  now 
exposed  to  a  high  temperature,  it  softened,  and  at  some  points  even 
melted  into  drops,  until  at  length,  partly  from  this  cause  and  partly 
from  the  burning  away  of  the  charcoal  underneath,  it  had  descended 
below  the  blast,  where  it  became  united  to  the  non-agglomerated  ore 
previously  charged. 

The  other  half  of  tho  agglomerated  ore  was  put  into  the  place  pre- 
viously filled  by  the  first  half  and  treated  in  tho  same  manner.  Slag 
(scories  douces")  was  thrown  at  intervals  into  the  hearth.    When  the 


s  So  called  by  Sagey  because  the  workmen  stated  that  they  had  tbe  effect  of 
softening  the  iron. 
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lump  was  perfectly  formed,  about  a  pound  weight  of  hammer-scales 
with  a  little  less  of  the  powder  of  the  ore  was  thrown  in,  44  probably," 
M.  Sagey  remarks,  44  to  complete  the  decarburization  of  the  iron."  A 
few  minutes  afterwards  the  blast  was  stopped,  water  was  thrown  in, 
and  the  lump  taken  out.  The  lump  was  freed  from  the  cake  of  slag 
adhering  to  it  underneath,  and  beaten  with  a  wooden  mallet,  and  the 
iron  staff  to  be  used  as  a  handle  during  the  forging  was  welded  to  it. 

The  thin  layer  of  slag  which  first  solidified  on  the  surface  of  that 
which  flowed  from  the  tap-hole  and  had  been  received  in  the  breeze 
cavity  prepared  for  the  purpose,  was  taken  off  and  thrown  away,  as 
being  of  bad  quality;  but  the  remainder,  which  afterwards  solidified, 
was  preserved  and  worked  over  again.  The  cause  of  the  alleged 
inferiority  of  the  upper  stratum  was  not  investigated  ;  but  it  was 
conjectured  that  it  might  be  sulphur. 

The  duration  of  the  44  roasting"  and  the  working  up  of  the  five  portions 
of  reduced  ore,  etc.,  in  the  manner  described  was  exactly  24  hours,  the 
workmen  being  allowed  4  hours  for  each  portion.  Only  four  workmen 
were  required  in  a  forgo,  and  they  laboured  f>  days  in  the  week.  The 
forges  were  only  in  operation  during  7  months  of  the  year,  the  exces- 
sive heat  and  occasionally  the  insalubrity  of  the  atmosphere  compelling 
them  to  cease  wrorking  at  the  end  of  June.  During  this  period  not 
more  than  2G0  metrical  quintals  (about  26  tons)  of  lxar-iron  were  made 
on  the  average.  The  iron  produced  was  reputed  of  excellent  quality, 
44  ductile  and  very  fibrous,  without  being  malleable  like  that  of 
Sweden  ;  it  could  be  forged  well  both  hot  and  cold  without  cracking." 
rJlie  cost  of  production  of  bar-iron  at  one  forge,  making  annually  2i»0 
metrical  quintals,  was  46'M  francs,  and  at  another,  making  annually 
250  metrical  quintals,  51*20  francs  per  metrical  quintal,  i.  e.  in  round 
numbers,  19/.  and  21/.  per  ton,  respectively.  The  average  yield  of 
bar-iron  from  the  ore  was  only  38*66  %•  The  consumption  of  char- 
coal for  1  part  by  weight  of  iron  could  not  be  estimated  at  less  than 
8-88  parts  by  weight  of  charcoal. 

The  consumption  of  charcoal  in  this  old  Corsican  process  was  enor- 
mous ;  and  in  this  respect  it  teaches  us  a  valuablo  lesson.  It  is,  1 
conceive,  very  important  that  defective  metallurgical  processes  should 
1*  fully  recorded,  as  well  for  our  warning  as  our  instruction.  After 
the  detailed  description  which  has  been  given  of  the  Catalan  process, 
I  have  not  considered  it  necessary  to  enter  at  length  upon  the  theory 
of  that  of  Corsica.  In  both  the  chief  reducing-agent  is  clearly  carbonic 
oxide ;  and  the  mode  in  which  the  charcoal  and  ore  are  arranged  in  the 
Corsican  process  is  obviously  such  as  to  favour  the  formation  of  this 
reducing-agent  and  its  contact  with  the  ore.  It  is  curious  to  note  how 
in  the  course  of  experience  efficient  processes  are  gradually  developed, 
in  entire  ignorance  of  the  principles  upon  which  they  are  founded. 

Iron-smelting  in  the  Stuckofen  (German). 

Under  the  head  of  Indian  iron-smelting,  allusion  has  already  been 
made  to  this  furnace,  for  which  there  is  no  English  name,  but  which 
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might  be  called  the  high  bloomery  furnace,  as  it  is  only  a  Catalan 
furnace  extended  upwards  in  the  form  of  a  quadrangular  or  circular 
shaft.  The  Germans  designate  it  Stuck-  or  Wolfsofen,  because  the 
large  metallic  mass  which  is  extracted  from  the  bottom  is  termed 
Stiick  or  Wolf.  The  transition  from  the  old  bloomery  to  the  modern 
blast-furnace  was  very  gradual,  and  the  Stiickofen  is  the  final  develop- 
ment of  the  furnaces  in  which  iron  in  the  malleable  slate  was  produced 
direct  from  the  ore.  By  increasing  the  dimensions  of  the  Stiickofen, 
especially  its  height,  the  conditions  favourable  to  the  formation  of 
cast-iron  are  obtained;  and,  indeed,  in  the  Stiickofen  cast-iron  was 
generally,  if  not  always,  produced  in  greater  or  less  degree,  to  the 
annoyance  of  the  smelter.  Between  the  Luppenfeuer,  or  Catalan 
furnace,  and  the  Stiickofen,  German  metallurgists  place  a  furnace  of 
intermediate  height,  which  they  designate  Blaseofen  and  Bauernofen.4 
This  furnace  was  formerly  employed  in  Norway,  Sweden,  and  other 
parts  of  Europe ;  and  although  a  century  may  have  elapsed  since  it 
became  extinct  in  the  first  two  countries  mentioned,  yet  to  this  day  it 
continues  in  operation  in  Finland.  I  shall  distinguish  it  by  the  name 
of  the  Osmund  furnace,  from  the  Swedish  word  osmund,  which  was 
applied  to  the  bloom  produced  in  this  kind  of  furnace. 

TflB  Osmund  Furnack. 

I  am  indebted  to  my  friend  Mr.  Andreas  Grill  for  information  on 
this  subject.  In  17o2  the  Royal  Board  of  Iron  Trade  directed  one 
of  their  mining  surveyors  to  prepare  an  accurate  description  of  the 
osmund  process,  which  at  that  time  was  only  practised  in  one  county 
in  Sweden,  and  this  he  accordingly  visited  for  the  purpose.  His 
description  was  illustrated  with  an  original  drawing,  representing  the 
furnace,  the  implements  employed,  etc. ;  and  from  a  tracing  of  this 
drawing,  with  which  Mr.  Grill  has  provided  me,  the  accompanying 
engravings  have  been  executed.  Swedenborg  in  his  large  volume  on 
Iron  has  given  an  account  of  the  osmund  furnace,  which  he  acknow- 
ledges having  derived  from  a  description  by  a  Swede  named  Peter 
Laxholm;5  and  he  has  also  introduced  an  engraving,  which  in  all 
essential  particulars  is  identical  with  the  tracing  communicated  to 
me  by  Mr.  Grill,  and  which  doubtless  was  copied  from  the  same 
original  drawing. 

Descripthn  of  the  Engraving,  Jig.  27,  as  stated  in  the  original  Draxcing. 
A.  Heap  of  bog-ore,  not  calcined.  B.  Calcining  heap,  on  wood. 
C.  Heap  of  calcined  bog-ore.  D.  Earth-borer  to  search  for  ores. 
E.  Charcoal-rake.  F.  Iron-shovel.  G.  Tongs  for  drawing  the  osmund 
bloom  out  of  the  furnace.  H.  Cinder-hook,  used  also  in  taking 
out  the  bloom.  K.  Bar  for  cleaning  the  cinder-hole  and  twyer- 
holo.  L.  Large  sledge,  used  to  hammer  the  bloom  when  first 
taken  out  M,  M.  The  lump  of  iron,  "bliustra,"  or  osmund,  partly 
deft     N.  The  hatchet.     O.   The   treadles  to  work  the  bellows. 


4  Lchrh.  <ler  Pmt»it  r-u-Hiittrnkundo.  |  *  Rt'gnum  Suhtermneuni  siveMinrraK 
Wdirlc.  1814.  2.  p.  1H;.  |  17154,  p.  119. 
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P.  Bridge  of  wooden  planks.  Q.  Tap  hole  for  the  cinder.  R.  Twyer. 
S.  Wooden  above!  for  charging  ore  into  the  furnace. 


Fig.  2*.      Osmund  Furnace.    Vertical  section  through  the  twyer.   Copied  from  Swedcnborg's  plate. 


The  ore  treated  in  the  osmund  furnace  was  bog  iron-ore,  which 
consists  essentially  of  hydrated  sesquioxido  of  iron.  ( 'oncerning  the 
mode  of  occurrence  and  extraction  of  this  ore  Swedenborg  gives  a 
detailed  and  interesting  account,  from  which  T  abstract  the  following 
particulars. 

Everywhere  in  Sweden,  both  north  and  south,  the  ore  was  extracted 
from  the  bottom  of  the  lake's  and  rivers.  It  was  designated  lake  iron- 
ore  (vena  lacustris  ferri).  That  in  Angermannia  (an  old  province  in 
Sweden)  was  described  as  uneven  in  shape,  or  sponge-like,  of  a  brown 
colour  (colons  brunf),  friable  under  pressure  between  the  fingers,  and 
in  fracture  resembling  cut  leather ;  it  occurred  in  detached  portions  of 
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variable  form,  and  sometimes  of  the  width  of  the  palm  of  the  hand, 
and  in  round  grains  of  the  size  of  grains  of  barley  or  wheat,  or  even  of 
beans ;  it  was  not  found  far  from  the  shores,  and  it  was  reproduced  in 
the  course  of  20  or  30  years.  During  summer  the  ore  was  collected  in 
boats  by  means  of  drags ;  and  during  winter  it  was  raked  np  through 
holes  made  in  the  ice.  Through  the  whole  of  Smaland  are  lakes 
from  which  this  kind  of  ore  was  extracted,  and  converted  in  furnaces 
in  the  usual  manner  into  crude  iron.  So  great  was  the  quantity  of 
this  ore  in  Smaland  and  the  neighbouring  provinces,  that  an  ample 
supply  might  have  been  obtained  for  numerous  furnaces ;  and,  as 
Swedenborg  quaintly  expresses  it,  44  hie  Mars  uvidus  amat  fundos 
lacuum."  When  dry  it  was  light  and  porous,  as  though  it  did  not 
contain  much  metal ;  and  yet  it  yielded  a  large  quantity.  The  ore 
varied  greatly  in  richness  and  in  quality,  one  kind  producing  the 
worst  and  another  the  best  description  of  iron. 

In  the  Swedish  department  of  the  International  Exhibition  of  18G2 
there  was  an  interesting  collection  of  lake-ores,  accompanied  with  an 
explanatory  pamphlet  by  C.  \V.  Sjogr6en,  from  which  the  following 
information  is  extracted.8 

These  ores  are  found  chiefly  in  the  lakes  and  streams  in  the  province 
of  Smaland,  and  as  many  as  five  varieties  of  them  are  described.  They 
have  a  concretionary  structure,  and  are  designated  according  to  the 
resemblance  of  their  particles  in  form  and  size  to  certain  familiar 
objects.  The  varieties  are  as  follow  :— 1.  Pearl-ore.  It  yields  46%  of 
iron,  is  very  hard  and  heavy,  and  presents  a  dark-brown,  oily,  shining 
fracture ;  it  occurs  chiefly  on  muddy  or  clayey  bottoms.  2.  Bur-ore. 
It  is  called  after  the  head  of  the  burdock ;  it  is  somewhat  spongy,  very 
light,  and  seldom  yields  more  than  30%  of  iron  ;  it  breaks  easily,  and 
crumbles  on  drying;  it  is  principally  found  on  grassy  bottoms. 
3.  Money-ore.  It  is  in  small,  round,  coin-like  cakes ;  it  is  more  dense  than 
either  of  tho  first  two ;  its  fracture  is  similar  to  that  of  pearl-ore ;  it 
yields  as  much  as  40  %  of  iron.  4.  Cake-ore.  It  is  in  the  form  of  round 
cakes  of  from  2  to  6  inches  in  diameter,  soft,  very  light,  and  dark 
grey;  it  is  considered  very  poor,  not  containing  more  than  25  %i  and 
is,  consequently,  seldom  employed  ;  it  is  found  on  gravelly  or  clayey 
bottoms.  5.  Gunpowder-ore.  It  is  in  grains  varying  in  colour  from 
greenish -yellow  to  shining  black ;  it  is  very  hoavy  when  pure, 
and  may  yield  as  much  as  50%  of  iron,  which  is  well  adapted  for 
casting;  it  rests  on  a  bottom  of  fine  sand,  which  it  is  sometimes 
nearly  impossible  to  separate  from  the  ore  after  it  has  been  taken  out 
of  the  lake. 

Lake-ores  aro  always  more  or  less  intermixed  with  impurities, 
of  which  the  chief  is  sand,  sometimes  to  tho  amount  of  30%  ot 
40%-  '-They  contain  from  20%  to  60°/o  of  sesquioxide  of  iron,  and 
protoxides  of  iron  and  manganese,  as  much  as  10%  of  silica,  from 


6  On  the  Swedish  Lake-Ores,  in  illus- 
tration of  samples  sent  to  the  Great  Exhi- 
bition hi  London,  18G2.  By  C.  W.  Sj.ig- 
re'en.    Ekesjo,  18G2.    See  also  Beitriigo 


zur  genaueren  Kentniss  <lea  Ei.senlmtten- 
wesens  in  Sehweden.  Von  Dr.  Moritz 
Meyer.    Berlin,  1829,  pp.  191-5. 


Digitized  by  Google 


LAKE-OKES  —  MODE  OF  COLLECTING  THEM.  323 


0*03  73  to  4°/0  of  phosphoric  acid,  and  from  7%  to  30%  °f  hygro- 
scopic water.  At  one  place  lake-ore  is  found  which  contains  20c/o  of 
manganese. 

These  ores  are  universally  found  in  the  neighbourhood  of  reed-banks 
and  on  the  slopes  of  the  shallows  in  the  larger  and  deeper  lakes  in 
layers  from  10  to  200  yards  in  length,  from  5  to  15  yards  in  breadth, 
and  from  8  to  30  inches  in  thickness.  They  never  occur  in  strong 
currents  of  water.  The  same  variety  is  never  met  with  throughout 
the  whole  stream :  thus,  as  a  rule,  gunpowder-ore  will  bo  found  at  tho 
beginning,  then  pearl-ore,  and  lastly  money  and  cake- ore.  Within  a 
short  timo  lake-ore  is  reproduced,  and  there  are  in«tances  of  lakes 
where  the  ore,  after  having  been  completely  exhausted,  collected  again 
in  the  course  of  26  years  to  such  a  degree  as  to  form  beds  several 
inches  in  thickness.    The  ores  are  supposed  to  bo  of  infusorial  origin. 

Tho  mode  of  collecting  the  ore  merits  description.  Towards  the 
end  of  autumn,  when  tho  lakes  have  become  icebound  to  the  depth  of 
2  or  3  inches,  the  collector  proceeds  to  search  for  ore.  With  this  view 
he  introduces  a  long  polo  through  little  holes  made  in  tho  ice  along 
the  slopes  of  the  shallows,  and  gently  strikes  the  bottom,  when,  partly 
by  the  sound  and  partly  by  the  touch,  he  ascertains  whether  oro  is 
present  or  not ;  and  he  requires  long  practice  in  order  to  perform  this 
work  with  success.  Tho  ore-collector  marks  the  boundaries  of  tho  bed 
of  ore  which  he  thus  discovers  with  little  twigs  stuck  in  tho  ice,  and 
so  acquires  legal  possession  of  it.  In  this  manner  he  marks  out  as 
many  places  as  he  proposes  to  work  during  the  winter.  When  tho  ice 
is  strong  enough,  he  makes  a  hole  in  it  about  3  ft.  in  diameter  at  tho 
outer  boundary  of  the  marked  claim,  and  through  this  hole  lets  down 
to  the  bottom  a  riddle  of  perforated  iron  plate  fixed  to  a  long  pole. 
Then,  by  the  use  of  an  iron  rake  about  2  ft.  broad,  also  fixed  to  a  polo, 
he  collects  the  ore  into  a  heap  at  the  bottom,  and  with  another  rake 
about  6  in.  broad  he  fills  the  riddle,  which  is  taken  out  and  emptied  of 
its  contents  upon  the  ice.  The  ore  in  this  state  is  mixed  with  mud, 
clay,  and  sand ;  and  in  order  to  separate  theso  it  is  put  into  another 
iron  riddle,  which  is  sunk  2  in.  or  3  in.  below  the  surface  of  the  water, 
and  receives  a  rocking  motion,  whereby  tho  impurities  pass  through 
the  riddle,  leaving  tho  ore  comparatively  pure.  Two  mon  aro  gene- 
rally associated  in  this  work,  one  being  employed  in  collecting  and 
the  other  in  washing  the  ore.  If  the  oro  is  tolerably  plentiful,  a  man 
generally  collects  from  half  a  ton  to  a  ton  in  a  day ;  but  this  will 
obviously  depend,  not  only  on  his  skill,  but  also  on  tho  nature  of  tho 
ore  and  the  character  of  tho  bottom  of  tho  lake.  In  the  province  of 
Smaland  during  the  greater  part  of  the  winter  the  occupation  of  ore- 
collecting  is  extensively  carried  on. 

In  1855  the  total  amount  of  lake-  and  bog-ores  collected  in  Sweden 
was  290,000  ctrs.,  or,  in  round  numbers,  between  14,000  and  15,000 
tons,7  and  in  I860  it  was  about  22,000  tons.* 


7  Das  Eiaeuhuttenwesens  in  Schwcdcn.  I  8  Swedish  Board  of  Tnulc  Report  for 
P.  Twiner.   Freiberg,  1858,  p.  12.  |  1860.    Published  Sept.  18,  18G1. 
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By  way  of  illustration  I  insert  the  following  analyses  of  bog  iron- 
ores  from  different  localities." 

L  2. 

  9-20    8-12   

  10  99    3-44   


Silica  ..... 

Phosphoric  acid.. 

Sulphuric  acid   

Sesquioxide  of  iron   1 

Peroxide  of  manganese  ) 

Alumina  

Li  mo   

Water   


51  10 
0-41 


(02-92 
(  4-18 
4  00 


2880    1840 


100-50 


101-00 





3. 

700 
007 
3  07 
67-40 
3- 19 


0-90 
17-00 

99-29 


1.  From  Leipsic.  Yellowish  brown.  By  O.  Knlmann.  2.  From 
Sehleswig.  Sp.  gr.  2-432.  By  Pfaff.  .'{/From  Auer,  Moriteburg. 
By  Bisehof.  The  proportion  of  phosphoric  acid  is  extremely  small, 
and  must  be  quito  exceptional. 

ANALY8E8  OF  SWEDISH  LAKE  AND  BOO  OhES  BY  PltOF.  L.  F.  SVAXBERO. 


Luke  ore  from  Neij,  Gal-1 
mnre  county 


PO*. 


1-128 


so*. 


trace 


CaO. 


MgO. 


0-823  0- 149 


AW. 


StCP. 


Fe«0*. 


Mii=0». 


5  088  7  140  65-5761  3-871 


Iiake  ore  from  HulincrenJ  I         L  „.„L   

Oalmare  counlv  "... f  "T«l  tmoe  0-6150- 1C2 

^■S. tZ^^O-Sia'o-m  1-82  .  0-064!  3-469 
Lake  ore  from  Auern, 

Calniaro  county  

IJnkeoretVi»niWidi)stem,'| 

Jonkopin^  county..  }°-82»  trace  2-2G5 0-731 


7  S94  7  376 


68-823 


0-2590  031  2-344 


0-088 


2-683 


Bog  ore  from  Aminne,  1  0  •  253  0  •  1 27 

Jonkopingfl  county  .../j 
Lake  ore  from  FyUenU'o- 168  trace 

Jonkopmgs  county.../! 


0  135 
0  021 


0-674,0-230 


3  096 


5-854  69-953  1  974 


8-536  56-475 


0-640 


W*t«r. 
Organic 
M»tt*r 


5-261  8-01868-448 
2-167  10-697  57-081 
2-359  41-258  45-260 
4-379  6-399  60-863 


15-881 
3  075 

16185 
0-463 

11-501 


16-219 
13-789 
16187 
13 -290 
10-727 
12-924 
7-576 
15-780 


With  reference  to  the  construction  of  the  osmund  furnace  a  few 
observations  only  are  required  in  addition  to  the  accompanying  wood- 
cute.  In  Swedenborg's  engraving  there  is  a  horizontal  section  through 
the  middle  of  the  twyer,  and  from  this  it  appears  that  at  the  bottom 
there  was  an  oblong  rectangular  cavity  to  receive  the  lump  of  reduced 
iron.  There  was  a  large  opening  into  the  interior  of  the  furnace  near 
the  tap-hole,  Q,  through  which  the  lump  was  extracted,  and  which 
during  the  working  of  the  furnace  was  built  up  temporarily  with 
stones.  The  inner  lining  of  the  furnace  was  made  of  refractory  stone, 
and  the  space  between  this  lining  and  the  timber  casing  on  the  outside 
of  the  furnace  was  filled  with  earth. 

Tho  ore,  after  having  been  dried  by  exposure  to  the  air,  was  cal- 


9  Nos.  1.  2.  3,  from  Uammelnher^'s  Handh.  d.  Mineralchemie,  1860,  pp.  153-4. 
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cined  in  heaps,  with  wood  as  the  fuel ;  and  the  calcination  was  com- 
pleted in  two  days.  The  calcined  ore  was  smelted  with  charcoal,  and 
the  same  succession  of  operations  was  practised  which  have  already 
been  so  fully  recorded  as  to  render  further  description  suj>erfluou8. 
The  lump  was  sufficiently  pure  to  admit  of  being  at  once  forged  into 
various  articles ;  whereas  any  pieces  left  after  the  extraction  of  the 
lump  were  so  impure  that  it  was  necessary  to  subject  them  to  a 
second  heating  process,  and  expel  the  impurities  by  inoro  powerful 
hammering.1 

Not  more  than  1$  ton  of  iron  coidd  be  made  weekly  in  one  of  these 
furnaces ;  and  in  working  up  the  ostium d  or  bloom  there  was  a  loss  of 
from  33%  to  50°/o.  It  is  especially  worthy  of  remark  that,  notwith- 
standing the  presence  of  a  large  amount  of  phosphorus  in  tho  ore 
employed,  the  osmund  furnace  yielded  good  malleable  iron  ;  whereas 
the  iron  obtained  from  such  ores  by  the  usual  method  of  producing 
cast-iron  in  the  first  instance  and  subsequently  converting  it  into 
malleable  iron  is  cold-short  and  bad. 

It  has  been  previously  stated  that  the  osmund  furnace  is  still  in 
operation  in  Finland  ;  and  this  is  a  fact  of  considerable  interest,  which 
is  not,  1  believe,  generally  known  to  metallurgists.  Bat  a  still  more 
interesting  circumstance  is,  \hat  it  maintains  its  ground  side  by  side 
with  a  modem  blast-furnace.  The  ore  treated  is  the  so-called  lake- 
ore;  and  it  is  only  by  means  of  the  osmund  furnace  that  trood  iron  can 
be  made  from  this  ore,  the  reason,  no  doubt,  being  that  the  phosphorus 
in  the  ore  does  not  piss  into  the  iron,  but  remains  in  the  slag.  Informa- 
tion on  this  old  method  of  extracting  iron  is  contained  in  a  pamphlet 
recently  printed  in  Stockholm,*  from  which  I  subjoin  the  following 
details. 

In  the  north  and  north  west  of  Finland,  especially  in  the  county  of 
Wiborgand  the  neighbouring  parts  of  Kuopio,  much  lake-ore  is  smelted 
in  peculiar  furnaces  called  "  hurkhyttor,"  a  name  derived  from  the 
Finnish  word  harkko,  meaning  piece,  lump,  and  fioin  the  Swedish  word 
lytta,  meaning  furnace.  These  furnaces  are  described  as  consisting  of  a 
hhaft  about  a  ells,  or  o*  English  feet,  in  height ;  and  the  mass  of  reduced 
iron,  it  is  stated,  may  be  malleable,  though  more  frequently  it  is 
only  a  mixture  of  raw  and  malleable  iron,  and  must  bo  re-melted  in  a 
refining  hearth. 

The  lake-  and  bog-ores  of  Finland  are  smelted  in  high  blast  furnaces, 
as  well  as  in  the  low  44  harkhyttor  ;  "  and  occasionally,  as  at  Warkaus, 
in  the  district  of  Kuopio,  both  kinds  of  furnaces  occur  standing  side 
by  side,  with  the  addition  of  a  forge  for  making  liar- iron.  The  cast- 
iron  produced  from  lake-  and  lx)g-ores  in  the  high  furnaces  is  chiefly 
intended  for  foundry  purposes,  and  is  sent  to  St  Petersburg.  Tho 
low  furnaces  are  peculiarly  adapted  for  tho  production  of  wrought- 


1  Ut  autem,  si  qua)  residua*  shit,  ini- 
ptirioresadeoquc  inutilespartieulai  fortiori 
Yukani  miniaterio  expel  lerentur,  ulteri 
eoctioni  eatkni  destinatwtur  quantula- 
uunque  moles.    Op.  cit.  p.  119. 


3  F<»r  a  copy  of  this  pamphlet  I  am  in- 
dehtrd  to  my  friend  Mr.  Grill,  Tin?  title 
is  "Nagru  Ord  oiu  Finland*  Ifcrgtrfutmlter- 
ing.  Af  L.J.  kcltitifiin."  Stockholm,  1861. 
Remarks  on  the  mining  trade  of  Finland. 


Digitized  by  Google 


326        THE  STUCKOFEN  OR  HIGH  BLOOMERY  FURNACE 


iron  from  these  ores,  for  the  reason  above  assigned  respecting  cold- 
shortness  duo  to  phosphorus.  Thus,  a  low  furnace  at  Fangakoski  in 
the  district  of  Kuopio  produces  yearly  from  lake-ores  100  tons  of 
wrought-iron,  which  is  regarded  as  extremely  good,  and  is  partly 
worked  up  into  nails  on  the  spot. 

The  number  of  low  or  44  hark  "  furnaces  in  Finland  is  as  follows : — 

Name  of  county. 

Kuopio  

Uleaborg  

Abo  

Wasa   

Tavastehua  

Total 

I  caunot  better  conclude  the  subject  of  the  osmund  furnace  than  by 
presenting  some  pertinent  comments  upon  it  by  my  enthusiastic  metal- 
lurgical friend  Mr.  Grill.  44  Is  it  not,"  says  ho,  44  beautiful  to  see  the 
simple  yet  efficient  way  in  which  everything  is  carried  on  [referring 
to  the  illustration  of  the  process,  fig.  27]?  \Vhen  tho  peasant  had 
finished  his  field-labour  for  the  season,  he  went  into  the  woods  for 
some  weeks  with  his  family  to  make  a  little  money  by  extracting  iron, 
which  in  winter  ho  earned  for  sale  to  tho*market-places.  The  locality 
represented  in  tho  engraving  is  not  more  civilized  than  Hudson's  Bay. 
Tho  man  with  a  beard  was  one  of  the  Dalecarlian  peasants,  who,  as  far 
as  tradition  extends,  have  been  reputed  good  bow-men.  The  female 
is  a  pattern  of  industry,  her  hands  being  engaged  in  spinning  with  the 
old  distaff,  and  her  feet  in  working  tho  bellows."  I  confess  that  these 
old  metallurgical  processes  have  a  peculiar  charm  for  me,  duo  in  part 
to  the  interest  with  which  antiquity  invests  bygone  things,  in  part  to 
tho  picturesquo  scenery  amidst  which  many  of  tho  old  works  were 
established,  and  in  part  to  the  reflection  that  something  which  has  done 
good  service  in  its  day  has  gone  for  over. 

The  SrucKOFEN  ou  High  Bloomery  Furnace. 

This  furnaco,  as  has  been  previously  remarked,  is  the  final  develop- 
ment of  tho  furnaces  in  which  malleable  iron  is  directly  produced 
from  tho  ore,  and  may  bo  regarded  as  tho  lowest  development  of 
the  modern  blast-furnace.  Indeed,  the  conditions  presented  by  this 
furnace  are  so  favourable  to  the  formation  of  cast-iron,  that  the  metallic 
lump  is  occasionally  carburized  to  such  a  degree  that  it  must  bo  sub- 
jected to  a  decarburizing  process  before  it  can  be  worked  under  the 
hammer.  Formerly  these  furnaces  wero  in  operation  in  various  parts 
of  Europe,  especially  in  Carniola,  Cariuthia,  and  Styria ;  but  Karsten, 
in  1841,  stated  that  on  account  of  their  great  consumption  of  fuel  they 
had  been  entirely  abandoned,  though  they  were  still  in  operation  in 
Hungary,  and  to  a  limited  extent  also  in  Germany,  in  the  district  of 
Henneberg."    Descriptions  of  this  furnace  and  of  tho  manipulations 

- 

3  Karsten,  Handb.  d.  Eiaenhuttenkuude,  1841,  3,  p.  34. 


Number  of  furnaces. 

  13 

  6 

  2 

  2 

  2 

  25 
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connected  therewith  will  he  found  in  all  the  old  metallurgical  treatises  ; 
and  one  of  the  best  which  I  have  met  with  is  given  by  Jars  in  his 
account  of  the  iron-works  at  Eisenerz,  at  the  foot  of  the  Erzberg  in 

By  way  of  illustration  1  have  selected  the  following  description  of  a 
characteristic  Stuekofen  formerly  in  operation  in  the  vicinity  of  tho 
town  of  Schmalkalden,  in  Hesscn-Cassel,  where  spathic  carbonate 
of  iron  and  brown  haamatite  occur.*  One  of  tho  localities  of  these 
ores  at  a  short  distance  from  the  town  derives  its  name  from  their 
presence,  and  is  called  Stahlberg,  or  Steel-mountain.  Iron  and  steel 
works  appear  to  have  been  established  in  this  district  during  a  long 
period. 

The  form  of  tho  interior  of  the  furnace  was  that  of  two  truncated 
cones  with  their  broad  ends  or  bases  in  contact.  The  total  height  of 
this  furnace  was  10  ft.,  but  there  were  two  others  only  12  ft.  high 
each.6  Tho  diameter  at  tho  bottom  was  2£  ft.,  at  the  top  or  mouth 
1^  ft.,  and  at  tho  widest  part,  which  was  exactly  in  the  middle,  or  8  ft. 
above  the  bottom,  4  ft.  2  in.  The  furnace  was  carried  up  a  few  feet 
higher  than  the  mouth,  gradually  widening  for  the  sake  of  greater 
convenience  in  charging.  There  was  one  twyer,  and  it  was  placed 
14  in.  abovo  the  bottom ;  but,  in  tho  00111*80  of  long  working,  tho 
bottom  or  hearth-stone  became  so  much  corroded  away  that  it  was  20  in. 
above  the  bottom.  It  is  stated  that  this  variation  in  the  distanco 
between  the  twyer  and  the  bottom  had  an  extraordinary  influence  upon 
the  yield,  the  quality  of  the  product,  and  the  consumption  of  charcoal. 
The  twyer,  which  was  made  of  copper,  was  horizontal,  and  projected 
3  in.  into  the  furnace.  The  hearth-stone  was  a  siliceous  conglomerate, 
and  sloped  2  in.  or  3  in.  towards  tho  drawing-hole  through  which  tho 
metallic  lump  was  extracted.  This  hole  was  2  ft  wide,  and  before  tho 
smelting  began  was  stopped  up  with  bricks  and  clay.  The  blast  was 
produced  by  bellows  moved  by  a  water-wheel. 

According  to  Karsten  the  height  of  these  furnaces  varied  from 
10  ft.  to  16  ft.  In  Bomo  the  shaft  increased  regularly  in  width 
from  top  to  bottom ;  but  in  most  it  bellied  out  in  the  middle :  it  was 
either  round  or  quadrangular.  In  somo  of  these  furnaces,  as 
at  Eisenerz,  tho  blast  was  introduced  on  the  drawing hole  side,  in 
which  case  it  was  necessary  to  remove  the  bellows  every  timo 
before  the  extraction  of  a  lump.7  The  twyer  was  usually  made  of 
clay,  and  rarely  of  copper,  and  there  was  nothing  definite  as  to  its 
width.    Jars  describes  how  they  were  fashioned  at  Eisenerz.   A  brick- 


*  Voyages  Melallurgiques,  1774,  l,p.  87  connty  of  Ilenneberg,  before  tho  Bull- 
et seq.  division  of  the  latter.    Karsten  has  evi- 

1  I  have  derived  the  materials  for  this  dently  availed  himself  largely  of  this  work 

description  from  the  following  work  : —  in  describing  the  Btiickofcn. 

Praktisehe  Ahhandlung  fiber  die  Eisen-  6  I  have  not  considered  it  necessary  in 

and  Stahlmanipulation  in  der  Ht-rrsehaft  this  description  to  give  tint  eorrisi>onding 

Schioalkalden    vou    Johann    Christian  English  measures,  as  the  difference  be- 

Qnaatz,  IJuttenacbreiber  zu  Lerbach.  tween  them  is  too  small  to  be  of  any 
Nurnberg.  1799,  p.  28  et  eeq.    Tho  town  1  practical  importance, 

of  Schmalkalden  was  contained  in  the  7  Jars.    Op.  cit  1,  p.  38. 
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like  lamp  of  tempered  clay,  about  4  in.  thick,  was  placed  in  the  centre 
of  the  drawing-hole,  and  projecting  about  10  in.  into  the  interior  of 
the  furnace.  By  the  side  of  this  lump  were  placed  other  lumps  of 
clay,  8  iu.  or  10  in.  broad,  but  only  about  2  in.  thick ;  the  joints  were 
stopped  with  clay,  and  a  hole  was  then  made  with  a  pointed  rod  of 
iron  through  the  large  lump,  which  became  thereby  converted  into  a 
twyer.  This  hole  was  about  3  in.  wide  on  the  outside  and  l£  in.  on 
the  inside  of  the  furnace,  and  was  about  12  in.  above  the  bottom.8  Iu 
some  places  the  tap-hole  for  slag  was  at  first  made  lower  than  in  the 
furnace  described,  and  raised,  together  with  the  twyer,  pari  passu  with 
the  increase  of  the  metallic  mass  at  the  bottom. 

In  commencing  a  smelting  operation,  the  drawing-hole  having  been 
closed  in  the  manner  described,  the  furnace  was  filled  with  charcoal, 
which  was  itniited  through  the  twyer.  The  bellows  were  worked  a 
few  times  and  then  stopped,  so  that  the  charcoal  might  be  slowly 
kindled  and  the  furnace  heated  by  degrees.  As  soon  as  the  fire  had 
reached  the  top,  the  blast  was  again  let  on,  and  the  charging  with 
charcoal  and  iron  ore  commeneed.  At  first  only  little  ore  was  added ; 
but  the  proportion  was  gradually  increased  until  the  proper  relation 
between  the  charcoal  and  ore  was  attained,  that  is,  about  4  measures 
of  the  former  to  1  of  the  latter.  The  slag  was  tapped  off  through  an 
aperture  made  in  the  "stopping"  of  the  drawing-hole,  and  this  was 
kept  constantly  open.  That  which  first  appeared  on  the  hearth,  when  it 
contained  only  a  small  quantity  of  iron,  was  taken  away,  stamped,  an»l 
washed  in  order  to  separate  any  particles  of  metallic  iron  which  might 
bo  diffused  through  it,  and  which,  according  to  Karsten,  were  shots  of 
cast-iron.  But  when  the  mass  of  iron  in  the  hearth  became  consider- 
able, it  was  kept  hot  by  allowing  tho  slag  to  accumulate  in  front  of 
the  drawing-hole  ;  for,  otherwise,  it  was  much  more  difficult  to  detach, 
and  great  damage  might  bo  done  to  the  furnace,  which,  indeed,  some- 
times happened  in  any  case.  W  hen  the  proper  amount  of  iron  had 
collected  in  the  hearth,  as  the  smelter  ascertained  by  probing  through 
the  twyer,  tho  charging  was  discontinued  and  the  furnace  allowed  to 
go  down,  or  a  few  charges  only  of  charcoal  were  supplied,  and  the 
slag  in  front  of  tho  drawing-hole  was  quenched  with  water  and  carried 
away,  after  which  the  holo  was  opened,  and  tho  mass  of  iron  after 
having  been  loosened  from  tho  sides  and  bottom  of  the  furnace  extracted. 
It  occasionally  happened  that  the  mass  had  undergone  incipient  fusion 
and  become  firmly  adherent  to  tho  bottom  of  the  hearth,  in  which  case 
the  furnace  was  allowed  to  cool  down  somewhat  and  the  mass  detached 
as  best  could  bo  done. 

This  operation  must  have  been  very  laborious.  Jars  has  given  a 
detailed  account  of  it,  as  conducted  at  Eisenerz,  where  the  lump  was 
grasped  by  large  pincers  and  pulled  out  by  means  of  a  chain  passing 
round  a  vertical  cylinder  in  connection  with  a  water-wheel. 

As  soon  as  the  lump  was  withdrawn,  it  was  everywhere  covered 
with  a  large  quantity  of  charcoal  dust  to  protect  it  from  superficial 


f  Op.  rit.  p.  40. 
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oxidation  by  atmospheric  air,  and  to  keep  it  hot.  The  lump  was 
worked  under  the  hammer,  which  at  first  was  only  allowed  to  go 
gently,  into  a  round  cake  about  :-i  in.  or  4  in.  thick ;  this  was  cut  into 
two  pretty  equal  parts,9  which  were  subdivided  and  drawn  out  under 
the  hammer  into  bars  in  the  usual  manner.  Eight  men  were  required 
for  the  operation  of  working  up  the  lump  by  hammering,  cutting, 
etc.  At  Eisenerz,  according  to  Jars,  the  lump  was  first  cut  half 
through  in  the  centre  with  hatchets  by  two  men,  each  having  one. 
It  was  afterwards  completely  divided  by  means  of  ^vedges  and  large 
hammers. 

A  lump  weighed  from  4  to  6  centners  (say  from  4  to  6*  cwts.),  and 
required  for  its  production  from  216  to  234  cubic  feet  (say  about  the 
same  as  English  feet)  of  charcoal.  On  an  average  three  such  lumps 
were  made  in  a  day,  or  from  »>0  to  70  centners  in  a  week.  At  such  a 
furnace  as  that  described,  3  men  were  employed  at  a  time  in  shifts  of 
H"  hours  each.  No  work  was  done  on  Sunday.  At  Eisenerz  the  lump 
was  much  larger,  and  weighed  from  13  to  14  quintals;  but  there  the 
hearth  of  the  furnace  was  also  much  larger,  l>eing  4  ft.  wide  and  2A  ft. 
deep,  opposite  the  twyer.  In  addition  to  the  lump  proper  there  were 
obtained  from  G  to  7  quintals  of  iron,  which.  Jars  states,  flowd  out  of 
the  furnace,  and  which,  therefore,  were  steel  or  cast-iron.  Thus  20 
quintals  in  all  of  iron  and  steel  were  obtained  in  a  single  operation 
which  lasted  18  hours,  15  being  required  to  produce  the  metal  and  3 
to  draw  it  out,  cut  it,  and  prepare  the  furnace  for  the  next  operation.' 
This  preparation  consisted  in  cleaning  out  and  repairing  the  hearth, 
and  covering  the  bottom  with  a  level  and  solid  brasque  of  moistened 
charcoal  powder. 

The  metal  forming  the  lump  produced  in  this  process  was  described 
by  Quantz  as  boft,  tough,  and  malleable,  though  less  so  than  bar-iron  ; 
he  considered  it  as  intermediate  between  cast  and  bar-iron,  yet  nearly 
approaching  the  latter. 

In  the  Henneberg  district  the  process  of  making  malleable  iron 
direct  from  the  ore  in  the  Stuckofen  was  gradually  superseded  by  the 
modern  cast-iron  process.  But,  as  the  demand  for  Stiiekofen  iron  con- 
tinued after  the  introduction  of  the  latter  process,  it  was  supplied  by 
employing  the  same  furnace  for  the  production  of  both  descriptions 
of  iron."  The  furnaces  which  replaced  the  Stiiekofen  were  called 
Blauofen*  and  originally  there  was  no  essential  difference  between 
them,  these  names  being  applied  according  to  the  nature  of  the  metal 
which  they  yielded,  and  not  in  consequence  of  difference  in  construc- 
tion. Hence,  nothing  could  have  been  more  gradual  than  the  develop- 
ment of  the  modern  blast-furnace  in  which  cast-iron  alone  is  obtained. 


'  According  to  Quantz  (op.  cit.  p.  'M\  , 
those  parts  were  called  "Stiicke,"  and 
pm-  the  name  to  the  furnace.  The  entire 
Danwil  termed  '*Guss:"  hut  this  was 
aa  improper  appellation,  inasmuch  as  the 
lump  was  never  actually  melted. 

1  The  quintals  may  in  this  case  be  esti- 
mated ait  English  cwts. 


2  Vide  Bemerkungen  iilar  den  Betrieb 
der  Stiiekofen  im  Hennebergisehen. 
Hapten's  Arehiv.  I.  mi  1824,  8.  p.  231). 

■  I  do  not  know  the  derivation  of  this 
word.   In  the  French  translation  of  Lam- 
padius's  Handhueh  it  is  termed  "four- 
neau  bleu,"  or  blue  furnace.   (Manuel  <I< 
Metallurgie,  etc    Paris,  1S40.  2.  p  I 
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Whon  the  Blauofen  was  used  as  a  Stiickofen,  it  was  only  necessary  to 
make  an  opening  in  the  fore-part  of  the  hearth  largo  enough  for  the 
extraction  of  the  lump.  The  twyer  side  of  the  hearth  was  formed  by 
a  mass  of  iron,  such  as  an  old  anvil,  to  prevent  its  being  injured  during 
the  drawing  out  of  the  lump ;  and  the  drawing-hole  or  opening  in  the 
fore-part  was  stopped  up  either  with  bricks  or  pieces  of  moulded  slag,  the 
joints  being  closed  by  packing  in  pieces  of  brick  and  plastering  up 
with  clay.  The  twyer  was  made  to  project  as  little  as  possible  into 
the  interior  of  tl^o  furnace,  so  that  it  might  not  be  easily  shifted  from 
its  place  during  the  extraction  of  the  lump. 

By  far  the  greatest  part  of  Hie  iron-producing  materials  employed 
was  rich  iron  slag  formed  in  tho  process  of  converting  cast  into 
malleable  iron ;  but  to  this  was  added  hammer-scales  obtained  in 
forging,  and  occasionally  red  hiematito  to  tho  extent  of  never  moro 
than  Jth  of  the  whole. 

The  condition  favourable  to  tho  formation  of  cast-iron  is  prolonged 
contact  of  the  reduced  metal  with  carbon  at  a  high  temperature  ;  and 
this  is  secured  by  increasing  tho  proportion  of  charcoal  relatively  to 
the  iron-producing  materials.  Hence,  in  order  to  obtain  malleable 
iron,  tho  proportion  of  charcoal  was  relatively  diminished;  or,  in 
other  words,  the  furnace  was  made  to  carry  a  heavier  burden.  But 
one  essential  condition  in  working  the  furnace  as  a  Stiickofen  was  to 
allow  the  slag  free  escape  during  the  process,  so  that  the  lump  of  iron 
accumulating  in  the  hearth  might  never  be  covered  with  slag  and  so 
be  protected  from  the  action  of  tho  blast. 

1  insert  side  by  side  Karsten's  analyses  of  a  specimen  of  the  rich  Blag 
treated  and  the  slag  accompanying  tho  formation  of  the  lump  and 
tapped  off  as  previously  described:  — 

L  2. 

Silica   11-10    29-1 

Alumina   0-09    4-3 

Lime    013    20 

Magnesia    1*05    92 

Protoxide  of  iron   84  •  30    51-7 

Protoxide  of  manganese   2*80    2*9 

Alkali   trace    trace 

99-47  99-8 

Jn  slag  No.  2  the  ratio  between  the  oxygen  of  tho  silica  and  that 
of  all  the  bases  is  nearly  as  5  :  G.  These  analyses  are  instructive  as 
showing  tho  very  large  amount  of  iron  which  escaped  in  the  slag,  a 
condition  which  is  favourable  to  tho  production  of  iron  of  superior 
quality. 

Clay's  Process. 

I  am  indebted  for  the  following  description  to  my  friend,  Mr.  Den- 
ham  Smith,  who  was  himself  engaged  in  conducting  the  trials  on  a 
largo  scale  to  be  hereafter  described.  Although  the  .process  was  not 
successful,  yet  it  is  important  that  the  results  should  be  placed  on 
record,  as  success,  especially  in  metallurgical  operations,  has  seldom 
been  attained  except  after  repeated  failures. 
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"  The  capability  for  welding  of  crude  spongy  metallic  iron  obtained 
by  heating  rich  haematite  in  powdered  charcoal  was  the  gist  of  patents 
taken  out  by  William  Neale  Clay,*  wherein  he  proposed  to  make 
wrought-iron  direct  from  the  ore  without  the  intervention  of  the 
blast-furnace.  The  process  was  most  simple:  the  better  kinds  of 
red  ha?matite  iron  ore  were  to  be  crushed  to  lumps  not  larger  than  a 
walnut,  and  these,  mixed  with  one-fifth  of  their  weight  of  charcoal, 
coke,  coal-slack,  or  other  carbonaceous  matter,  were  subjected  to  a 
bright  red  heat,  in  a  clay  retort,  or  other  suitable  vessel,  until  the 
ore  should  be  reduced  to  the  metallic  state.  When  the  reduction  was 
complete,  the  spongy  iron  was  transferred  direct  to  a  puddling  furnace, 
with  or  without  the  addition  of  some  five  per  cent,  more  coke,  whero 
it  was  *  balled,'  and  then  wrought  into  4  blooms '  under  the  tilt-ham- 
mer, which  blooms  were  rolled  and  formed  into  merchantable  iron  in 
the  usual  way. 

"This  plan  for  making  wTought-iron  direct  from  the  ore  was  tried 
experimentally  at  a  small  forgo  near  Glasgow,  and  afterwards  on  a 
larger  scale  at  Liverpool.  Commercially  speaking,  it  proved  a  com- 
plete failure.  Iron  was  made,  and,  at  times,  iron  of  most  excellent 
quality,  possessing  very  great  tenacity,  especially  fitted  for  cable-iron ; 
but  it  was  not  uniform,  and  was  frequently  so  *  red-short'  that  tho 
smiths  refused  to  work  it.  The  chief  source  of  failure,  however,  was 
the  length  of  time  required  for  reducing  tho  ore,  and  the  consequent 
expenditure  of  fuel  and  labour  in  this  part  of  tho  process,  together 
with  the  number  of  retorts  or  reducing  kilns,  with  the  wear  and  tear 
of  these,  required  to  keep  at  work  tho  puddling  furnaces  of  even  a 
small  forge. 

44  It  was  then  attempted  to  effect  the  reduction  of  tho  oro,  directly, 
in  the  puddling  furnace ;  but  here,  again,  tho  expenditure  of  time, 
foel,  and  labour,  together  with  tho  waste  of  ore  in  tho  shapo  of  cinder, 
compared  with  the  amount  of  iron  obtained,  was  so  great,  that  this 
process  was  quickly  abandoned  for  a  modified  one,  whereby  pig-iron 
was  used  in  the  puddling  furnace,  together  with  a  mixture  of  hiematito 
ore  and  carbonaceous  matter.  This  last  method  was  partially  adopted 
at  some  few  forges  in  tho  North  of  England,  especially  in  one  at 
Workington,  which  was  taken  solely  for  the  purpose  of  carrying  it  out. 
After  many  preliminary  trials,  it  was  found  that  a  mixture  consisting 
of  dried  haematite,  ground  so  as  to  pass  through  a  £  inch  riddle,  with 
about  one-third  of  its  weight  of  coal-slack,  washed  in  a  solution  of 
soda-ash  or  brine,  that  which  floated  only  being  used,  was  best  fitted 
for  smelting  in  conjunction  with  pig-iron  in  the  puddling  furnace.  To 
the  mixture  of  haematite  and  slack  there  was  usually  added  about 
4  lbs.  of  fire-clay,  4  ounces  of  soda-ash,  and  <J  ounces  of  common  salt 
to  each  112  lbs.  of  ore,  an  addition  which  experience  seemed  to  show 
was  beneficial  both  in  making  the  cinder  more  liquid,  and  tho 
'blooms'  to  roll  softer  and  smoother  than  when  these  fluxes  were 


4  Mr.  Clay  obtained  two  patents :  the  I  tho  second  A.D.  1840,  March  31,  No. 
fir*t  A.D.  1837,  Dec.  19,  No.  7518;  and  |  8459. 
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omitted.  So  much  of  thin  mixture  as  was  equal  to  1  cwt.  of  hseniatite 
was  thrown  in  a  heap  on  to  the  bed  of  the  puddling  furnace,  and  after 
being  heated  for  about  20  minutes  with  the  damper  down,  the 
remainder  of  the  charge,  consisting  of  4  cwts.  of  pig-iron,  was  piled 
around  the  heap.  The  pig-iron  in  melting  assisted  in  the  reduction 
of  the  oxide  of  iron,  and  when  this  was  effected  the  puddler  worked 
his  '  heat '  in  the  usual  manner.  Just  before  1  balling,'  it  was  found 
advantageous  to  throw  on  to  the  boiling  mass,  as  it  4  came  to  nature,' 
a  small  quantity,  from  4  to  6  ounces,  of  saltpetre  :  this,  chiefly  by  the 
sudden  increase  of  heat,  enabled  the  puddler  to  ball  his  '  heat '  more 
rapidly;  and  from  the  same  cause,  as  well  as  that  the  cinder  was  made 
more  liquid,  the  balls  shingled  and  rolled  well.  Beyond  this  there 
was  no  difference  in  the  treatment  of  the  'puddled  bars'  thus  obtained 
and  those  made  in  the  ordinary  way,  these  being  cut  up,  piled,  heated  in 
the  mill-furnace,  and  rolled  into  merchantable  bar's  and  bolts.  The 
haematite  used  was  the  Ulverstone  ore,  and  also  that  to  be  met  with 
abundantly  in  the  neighbourhood  of  Workington.  The  pig-iron  was 
for  the  most  part  Scotch,  together  with  a  small  proportion  of  ha?matite- 
pig  and  white  or  cinder  pig-iron. 

"  The  bar-iron  produced  was  tolerably  uniform  and  of  fair  quality, 
fetching  at  Liverpool  and  Carlisle  about  the  same  prices  as  the  better 
brands  of  Welsh  bar-iron.    Upwards  of  1000  tons  of  bar-iron  were 
made  by  the  above  process  at  Workington,  but  at  a  very  heavy  loss. 
It  is  difficult  to  come  to  any  just  conclusion  as  to  how  much,  if  any,  of 
this  loss  is  due  to  the  method  of  working,  seeing:  that  the  force  was 
only  open  for  about  nine  months,  and  that  all  the  incidental  and  unrvmu- 
nerative  charges  consequent  upon  the  commencing  and  the  closing  of 
any  works  of  magnitude,  the  expenses  of  preliminary  trials,  the  loss 
occasioned  by  a  strike  of  the  puddlers,  and  a  large  per  centage  of  had 
debts,  are  all  comprised  in  this  loss  ;  moreover  the  coal  in  the  neigh- 
bourhood of  Workington  was  not  bituminous  enough  for  iron  making, 
so  that  the  waste  in  the  mill-furnaces,  where  the  puddled  bars  were 
converted  into  merchantable  iron,  was  much  above  the  average.    It  is 
true  that  this  waste  was  much  diminished  before  the  works  were  closed 
by  introducing  a  jet  of  tar  to  the  mill  furnaces  whilst  the  piles  of 
puddled  bars  were  heating  for  the  final  rolling;  yet,  making  every 
fair  allowance  for  the  above  and  other  minor  and  obviously  preventible 
sources  of  loss  which  need  not  to  be  incurred  in  continuous  working,  it 
is  most  likely  that  the  same  causes  which  militated  against  the  success 
of  the  processes  for  obtaining  iron  direct  from  the  ore  alone  render 
this  conjoint  method  also  the  reverse  of  economical ;  since  the  time, 
labour,  and  fuel  required  to  make  a  ton  of  puddled  bars  by  this  process, 
are  unquestionably  greater  than  where  pig-iron  alone  is  used  in  the 
puddling  furnace,  and  this  to  an  extent  which,  probably,  more  than 
counter-balances  the  saving  effected  in  pig-iron.    At  Workington,  even 
when  the  forgo  was  in  good  working  order,  it  was  seldom  that  more  than 
ten  heats  or  charges  of  iron  and  ore  were  puddled  in  one  furnace  during 
the  twenty-four  hours  ;  and  as  fuel,  wages,  and  all  other  charges  incurred 
>vero  the  same  on  these  ten  heats  as  if  the  usual  number  had  been  worked 
m  each  furnace,  it  is  very  doubtful  whether  these  extra  expenses  were 
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covered  by  the  saving  in  pig-iron  and  the  greater  weight  in  yield. 
This  greater  weight  of  yield  is  the  most  satisfactory  result  the  books 
of  the  forge  disclose ;  for  whereas,  at  the  beginning  of  working,  1  ton 
of  pig-iron  and  5  cwts.  of  hematite  yielded  but  from  16  to  17  cwts.  of 
puddled  bars,  before  the  works  were  closed  the  average  yield  amounted 
to  nearly  1  ton  of  puddled  bars  from  1  ton  of  pig-iron  and  5  cwts. 
of  ore,  while  some  of  the  best  of  the  puddlers  frequently  produced  a 
greater  weight  of  puddled  bars,  than  that  used  of  pig-iron.  .Judging 
the  process  as  a  whole,  it  is  most  probable  that  an  opinion  adverse 
to  this  mode  of  making  bar-iron  is  the  only  sound  one  to  be  arrived 
at;  seeing  that,  in  addition  to  the  above,  the  process  was  partially 
adopted  and  employed  in  some  other  forges  than  that  at  Workington, 
and  yet  it  is  believed,  although  the  patent-right  has  long  expired, 
that  the  process  now  has  been  abandoned  where  it  was  employed, 
and  that  it  has  nowhere  been  brought  to  bear,  although  it  might 
be  used  unquestioned  in  any  forge  in  the  kingdom." 

Actual  yields  and  cost  of  production.— The  forge  and  mill  at  Workington 
were  in  operation  from  Octr.  4th,  1845,  to  July  lMh,  184G— a  period 
of  rather  more  than  40  weeks,  during  which  time  there  were  made 
1019  tons,  8  cwts.,  1  qr.  of  finished  bar- iron. 


The  materials  used  were  : 

Tons.  cwt*.  qr*.  \\*. 

rig-iron  and  east-scrap   117:>  10  2  0 

Burnt  iron  and  old  retorts    81  0  0  0 

Red  mcmatite  ore  for  mixture   252  13  2  0 

Ditto   do.       do.  for  mending  furnaces   3S1  0  0*  o 

Coal  and  slack   3(573  0  0  0 

Wrought  scrap-iron,  including  "  droj-ends    288  17  0  17 


The  yield  was  127<>  tons,  14  cwts.,  3  qrs.,  23  lbs.  of  puddled  and 
wrap  bars,  being  an  average  of  2.")  cwts.  of  puddled  bare  to  make 
1  ton  of  merchantable  bar-iron.  The  gross  cost  of  this  iron,  including 
all  losses,  was  12/.  5*.  3d.  per  ton  ;  whilst  tho  net  cost,  deducting  bad 
debts,  &c,  will  be  11/.  1*.  6d.  per  ton  of  finished  bars,  the  average 
selling  price  of  which  was  0/.  l.v.  \0d.  per  ton. 

From  the  above  wo  find  that  to  make  1  ton  of  finished  bar-iron 
there  was  used  on  the  average  : 


T««nv  cwt*.  qn.  IS*.                                     £.    *.    d.  £.    *.  >t. 

1     3     2    20     of  pig-iron      at    8  18    4    per  tun     =  4    9  2 

0     3     3     0     of  scrap-iron  at    4    8    0       ,,         =  0  10  Hi 

0    12     1    20     of  red  ore       at    0  10    3       ,,         a  0  10  1J 

3    10     0     0     of  COftl           at    0    7  10  J                 =  17  6f 

Cost  of  materials   7    8  6J 

Wages                                        per  ton    117  0 

Bent  (actual  working  time  ,     0    7  1  h 

Salaries,     0    3  4  J 

Patent  licence                                   , ,    0    2  5jf 

Constant  and  incidental  charges...    1    7  11$ 


Net  cost  per  ton  at  market  of  merchant  bar-iron     £11    1  0 

The  estimate  of  the  actual  cost  of  the  same  process  carried  out  at 
a  forge  in  Lancashire,  where  it  was  used  at  a  few  furnaces  only,  from 
details  furnished  by  the  forge- masters,  calculated  on  the  above  prices 
for  materials,  is : 
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Ton*.  cwU.  qre.  11m.  C   j.     d.  £.   t.  d. 

15     10  of  pig-iron  at  3  15   4   per  ton             4  15  1} 

0     7     2     5  ofredoro  at  0  10    3                         0   6  lj 

<>120  ofcoko  at  1    5    0                         0    1  lo} 

2    14     2     0  of  coal  at  0    7  10J                        1    1  OJ 


Cost  of  materials   0   4  7| 

Wages    17  3 

Patent  licence   0   3  0 

Rent,  salaries,  constant  and  incidental  charges  ...  0  18  44, 


Cost  of  1  ton  finished  bar-iron   8  13  3 

Freight  and  charges    0    0  0 


Net  cost  per  ton  of  finished  bar-iron  at  market  £8  19  3 


Renton's  Process. 

This  process  was  patented  in  1851  in  tho  United  States  by  Mr.  James 
Kenton,  and  has  been  described  by  Professor  Wilson  in  a  Report  to 
the  British  Government  on  tho  New  York  Industrial  Exhibition.*  From 
that  Report  tho  following  information  is  extracted.  The  process  was 
carried  out  on  a  commercial  scale  at  Cincinnati  in  Ohio,  and  at  Newark 
in  New  Jersey.  Professor  Wilson  visited  the  works  in  both  localities. 
At  tho  former  the  furnaces  were  in  process  of  construction,  and  at  tho 
latter  they  were  in  full  oporation.  The  furnace  in  shape  resembled  an 
ordinary  puddling  furnace,  having  a  fire  brick  chamber  at  the  end 
10  feet  high,  6  feet  broad,  and  7  inches  wide.  This  chamber,  which 
was,  in  fact,  a  large  vertical  muffle  or  retort,  was  entirely  surrounded 
externally  by  the  flue  or  chimney  of  tho  furnace.  It  was  filled  with 
J  2  cwts.  of  a  carefully  made  mixturo  of  from  20°/o  to  25%  OI"  ore  of 
from  75%  to  80%  of  coal,  both  finely  broken ;  and  became  sufficiently 
heated  to  cause  the  reduction  of  tho  ore.  The  reduced  ore  was  dis- 
charged, as  required,  from  the  bottom  of  the  chamber  into  the  body 
of  the  furnace,  where  it  was  exposed  to  a  welding  heat  and  worked  into 
balls,  which  were  hammered  in  tho  usual  way  into  blooms.  At  the 
time  of  Professor  "Wilson's  visit,  haematite  containing  about  35%  of 
iron  was  employed,  and  the  balls  weighed  about  80  lbs.  each,  i.  e., 
about  the  same  as  ordinary  puddled  balls.  It  was,  howover,  stated 
that  the  average  yield  amounted  to  45%,  and  the  weight  of  tho  balls 
to  100  lbs.    Tho  cost  of  a  ton  of  blooms  was  given  as  follows  : 


♦  c 

2}  tons6  of  ore  at  $4   10  00 

lj  do.    of  coal  for  furnace   6  88 

Coal  for  reduction  chamber   1  ■  25 

Do.   for  engine    2  00 

Welding  and  working    5 '00 

Tilting  [ahingling  ?]  1 1  •  5  ;  labour  $3    4-50 


29-63 


5  New  York  Industrial  Exhibition.  |  "  The  ton  of  iron  is  always  the  gross  ton 
Special  Report  of  Professor  Wilson,  j  of  2240  lbs. ; — except  blooms  and  puddled 
Presented  to  the  House  of  Commons  in  bars,  which  are  bought  and  sold  by  the 
pursuance  of  their  Address  of  February  j  '  Ankony,'  or  double  gross  ton  of 
6th,  1854.  '  2461  Ihs. ;  and  nails,  which  are  sold  by 

•  Note  by  Professor  Wilson,  p.  44.  I  the  net  ton  of  2000  lbs." 
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Professor  Wilson  remarks,  "without  criticising  these  figures,  which, 
perhaps,  were  given  as  referring  to  the  most  favourable  conditions  of 
the  manufacture,  and  which,  of  course,  will  vary  with  different  circum- 
stances, I  think  that  we  must  admit  that  Mr.  Kenton  has  done  much 
in  carrying  into  commercial  operation  a  process  which  practically 
does  make  wrought- iron  directly  from  the  ore.  The  operation  was 
comparatively  upon  an  insignificant  scale,  it  is  true,  and  the  quantity 
made  certainly  was  but  small ;  yet,  if  the  principle  is  correct,  both  as 
reganls  produce  and  cost,  the  capacity  of  the  furnaces  could  probably 
be  increased,  and,  at  all  events,  they  could  be  multiplied  to  any  extent. 
The  principal  obstacle  appeared  to  mo  to  exist  in  the  difficulty  of 
balling  the  iron  in  the  welding  furnace  without  getting  some  imper- 
fectly decomposed  ore  mixed  up  with  it,  which  necessitated  extra 
labour  with  the  hammer." 

Professor  Wilson  alludes  to  another  establishment  of  some  magnitude, 
which  was  then  being  erected  at  Motthaven,  near  New  York,  for 
carrying  out  Harvey's  patented  process  of  reduction,  which  is  similar 
in  principle  to  Kenton's.  Magnetic  oxide  of  iron  is  mixed  with  char- 
coal, both  in  coarso  powder ;  and  the  mixture  is  placed  on  inclined 
shelves  or  trays  of  steatite  in  a  chamber  connected  with  a  welding  or 
balling  furnace.  A  fire  at  the  base  of  the  chamber  heats  the  mixture 
sufficiently  to  induce  ignition,  and  the  flame  playing  over  the  face  of 
the  trays  assists  the  reduction  of  the  ore,  which  is  then  transferred 
to  the  welding  hearth  and  there  balled  in  the  usual  manner.  Four 
furnaces  were  in  process  of  erection,  each  capable  of  producing  5  tons 
daily. 

Messrs.  Cooper  and  ITewitt,  of  New  York,  favoured  mo  with  the 
following  notice  of  Kenton's  process,  dated  July  26th,  1855  : — 44  It  may 
be  interesting  to  you  to  be  informed  that  Kenton's  process  is  a  failuro 
and  has  been  abandoned  in  this  country,  as  we  always  insisted  that  it 
would  be." 

Chenot's  Process. 

In  the  first  International  Exhibition  in  London,  1851,  were  displayed 
what  were  designated  "Sponges  metalliques,"  or  metallic  sponges, 
with  specimens  of  iron  and  steel  made  from  them  "  without  smelting  tho 
ore/' 7  These  sponges  consisted  of  metallic  iron  obtained  by  the  direct 
reduction  of  brown  haematite  by  cementation  in  charcoal.  They  were 
chiefly  in  lumps,  which,  under  tho  burnisher,  acquired  the  metallic 
lustre  and  colour  of  iron.  A  French  metallurgist  expressed  to  me  at 
the  time  his  belief  in  the  value  of  Chenot's  process,  especially  with  refer- 
ence to  the  manufacture  of  cast-steel ;  and  ho  even  ventured  to  assort 
that  by  its  means  cast^steel  might  be  produced  at  40°/o  below  the 
cost  at  which  it  was  then  niado  in  Sheffield !  Chenot  figured  in  the 
International  Exhibition  in  Paris  in  1855,  and  one  of  the  "  Grandes 
Medailles  d'Or  "  was  awarded  to  him  for  his  invention,  which  Le  Play 
pronounced  to  be  44  the  greatest  metallurgical  discovery  of  the  ago." 


7  Officiul  Catalogue,  France,  No.  119. 
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There  are  circumstances  connected  with  this  award  which  have 
been  the  subject  of  severe  comment,  both  in  this  country  and  on 
the  Continent,  and  which  I  record,  although  they  do  not  redound 
to  the  credit  of  those  concerned.  The  following  extract  is  from 
the  Official  Report  of  my  colleague,  Mr.  Warington  Smyth,  to  the 
Board  of  Trade,  on  the  Mining  and  Metallurgical  Products  of  tbe 
Exhibition  in  question."  "A  gold  medal  was  awarded  to  Af.  Adrkn 
Cfienot,  of  Clichy,  *  for  his  remarkable  collection  of  new  and  im- 
portant facts,  in  an  industrial  point  of  view,  particularly  the  rational 
and  economical  processes  applied  to  the  reduction  of  iron  from  its 
ores,  and  especially  for  the  direct  manufacture  of  various  descrip- 
tions of  steel.'  This  award  was  voted  after  the  Prussian  and  Austrian 
jurors  and  myself  had  left  Paris,  the  remainder  of  the  jury  being  per- 
suaded that  M.  Cbenot  had  now  brought  his  process  to  the  point  of 
being  commercially  valuable.  The  late  M.  Chenot,  whose  untimely 
death  was  the  result  of  an  accident  [he  fell  out  of  a  window]  after  the 
closing  of  the  Exposition,  had  for  many  years  devoted  himself  to  this 
particular  branch  of  metallurgy,  and  had  just  arrived  at  the  maturing 
of  his  plans  on  a  large  scale  M.  Chenot  calculated  that  the  pro- 
duction of  a  good  quality  of  steel,  including  an  ample  margin  for 

profits,  would  cost  but  40/.  per  ton  Arrangements  for  working 

it  on  a  large  scale  were  about  to  be  made  both  in  France  and  England 
towards  the  end  of  1855."    Professor  Tunner,  of  Leoben,  one  of  the 
Austrian  members  of  the  jury  above  alluded  to,  has  published  an 
energetic  protest  against  tho  award  ;  and  his  colleague  on  the  jury, 
Rittinger,  has  publicly  expressed  his  approval  of  this  proceeding.' 
The  Professor  assorts  that  twice  did  the  whole  jury  negative  the 
proposal  to  recommend  Chenot  as  worthy  of  the  highest  order  of  merit 
of  the  French  Exhibition ;  yet,  tho  third  time,  a  mere  remnant  of  the 
jury  reversed  the  two  previous  solemn  decisions  of  the  entire  body. 
According  to  the  proverb,  in  this  instance,  it  may  well  be  said,  "  the 
third  time  pays  fur  all."    But  there  were  singular  rumours  respecting 
the  supposed  instigator  of  these  persevering  efforts  to  honour  Chenot, 
in  connection  with  an  attempt  to  introduce  the  process  into  Russia ; 
rumours  which,  if  founded,  would  justify  the  inference,  that  zeal  for 
the  welfare  of  that  country  was  not  the  sole  object.    I  have  dwelt  at 
a  seemingly  unreasonable  length  on  a  subject  which  might  be  con- 
sidered irrelevant.    But  it  is  not  so.    W  hen  metallurgical  processes 
are  extolled  in  glowing  terms,  and  recommended  as  unusually  pro- 
mising investments  to  capitalists  by  men  in  conspicuous  positions 
before  tho  world,  it  is  of  the  utmost  importance  that  nothing  should 
be  done  to  excite  even  a  suspicion  of  interested  motives. 

In  the  Intemational  Exhibition  in  London,  1802,  there  were  some 
specimens  and  a  wretched  model  in  illustration  of  the  "precede 
( 'henot,"  which  indicated  failure  rather  than  success,  and  which  indeed 
were  scarcely  worthy  of  notice;  and  no  attempt  was  made  to  repeat 
the  experiment  of  1855  upon  the  jury  of  1862. 

■  London,  1857,  p.  'Ml 

9  Oeatcrn  irhischen  Zciteclirift  fur  lierg-und  IIiitt«nw«wn.  1856.    No.  52.  p.  415. 
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Four  English  patents  were  granted  in  J  8.56  in  connection  with  this 
process;1  and  of  some  the  specifications  arc  in  such  abominable 
English  as  to  be  unintelligible.  I  give  one  sentence  in  exemplifi- 
cation :  44  The  consequence  of  thin  principle  is  the  possibility  of  imme- 
diate calefaction,  either  by  injection  of  flames  into  the  bulk  to  be 
reduced,  or  sometimes  by  burning  in  the  bulk  the  fuel  mixed  and 
blended  with  the  oxyd,  to  reduce  which  latter  case  is  that  which 
generally  takes  place,  save  the  possibility  of  withdrawing  the  charges, 
except  also  the  mobility  of  the  apparatus  in  the  upper  range  of  the 
blast  furnace,  and  other  furnaces  used  for  the  treatment  of  lead,  tin, 
&C."*  It  is  to  be  hoped  that  no  English  patent  agent  is  responsible  for 
this  atrocity  in  composition. 

Chenot  has  found  a  warm  and  elaborate  chronicler  in  M.  Ed.  Grateau, 
who  has  recently  published  a  long  paper  on  the  44  Manufacture  of 
Cast-Steel  by  the  Chenot  Process."'    In  this  wo  are  informed  that  in 
1822  M.  Adrien  Chenot  left  the  £colo  des  Mines  of  Paris,  and  in  1823 
made  his  first  trials  of  a  system,  of  which  he  had  conceived  the  idea  at 
the  Institution  above  named.    In  1831  he  erected  a  furnace  on  a  large 
scale  for  the  direct  treatment  of  the  ores  of  iron.    From  1831  to  1834 
inclusive  he  made  innumerable  experiments  of  every  description.  In 
1840  we  find  Chenot  at  Clichy-la-Garenne,  and  44  from  this  date  ho 
entered  upon  the  path  which  has  led  him  to  success."    After  fresh 
trials,  conducted  at  Clichy  and  in  the  Ari^ge,  from  1852  to  his  death 
in  1855,  Chenot  obtained  a  series  of  patents,  which,  his  historian  states, 
led  to  the  establishment  of  his  method  of  making  steel  as  a  regular 
manufacture.    I  shall  describe  this  method  hereafter,  and  at  present 
treat  only  of  his  process  of  extracting  iron. 

According  to  Grateau,  works  have  been  erected  for  carrying  out  tho 
Chenot  process  in  the  following  localities:  at  Baracaldo,  near  Bilbao, 
in  Spain,  1852;  Clichy-la-Garenne,  near  Paris,  1855;  Couillot,  near 
Charleroi,  in  Belgium,  1850  ;  Pontcharra  (Isere),  185<» ;  and  at  Ilaut- 
mont  (N'ord),  in  France,  1857.  It  was  further  announced  by  the  same 
author  in  1850,  that  new  establishments  with  the  same  object  were 
about  to  be  erected  in  Russia,  and  that  44  tho  manufacture  had  acquired 
the  truly  industrial  character  of  perfected  methods  (des  methodcs 
arrivees  a  tonne)."  In  illustration,  I  present  an  abridgment  of  Gra- 
teau's  account  of  the  process  as  it  was  conducted  at  Ilautmont. 

Supposing  the  ore  to  be  sufficiently  pure,  either  naturally  or  by 
dressing ;  if  in  mass,  it  is  broken  into  lumps  of  about  30  cubic  centi- 
metres (1-779  cubic  inch),  but  if  pulverulent,  whether  naturally,  as  is 
the  case  with  oolitic  ores,  etc.,  or  otherwise,  it  is  agglutinated  by  com- 
pression, with  the  addition,  in  some  cases,  of  reducing  matters ;  for 


1  Thev  have  all  the  same  date,  A.D. 
185G.  No.  1587.  "A  Method  of  Extract- 
ing, Eliminating,  Extraneous  Substances 
from  Steel  Sponges"  sic.)— No.  1588. 
"  Improvements  in  Sorting  Ores*,  or 
Separating  Metals  from  each  other,  ami 
from  certain  Combinations  with  other 
Substance-*.''  —  No.    158i>.     **  Improve- 


ments in  Machinery   for  Com  pressing 
Metallic  Sponges  and  other  Sobetaaees. 
— No.   155)0.     "Improvements  in  Ap- 
paratus for  tho  Reduction  of  Metallic 
Oxvds  "  (sic). 

'  Vide  No.  1590,  p.  2. 

3  Revue  Univen*  He.  Paris  et  Liege. 
4e- Livntison.    1850.    pp.  1-62. 
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example,  3%  of  resin.  Thus  prepared,  it  is  mixed  with  more  wood 
charcoal  than  suffices  to  remove  the  whole  of  the  oxygen  from  the 
oxide  of  iron.  In  practice,  an  ore  containing  55%  °f  ^ron  *8  mi*ea* 
with  to  l£  its  bulk  of  charcoal,  or  by  weight  100  parte  of  charcoal 
to  1000  of  ore.  W  ith  this  the  reduction  furnace,  now  to  bo  described, 
is  charged. 

The  furnace  consists  of  a  cubical  pedestal  of  mason-work,  sur- 
mounted by  a  truncated  cone,  elliptical  in  section.4  Two  galleries  at 
right  angles  run  through  the  pedestal,  leaving  four  pillars  at  the 
angles,  and  upon  these  are  arches  which  support  the  fire-places. 
Within  are  constructed  two  rectangular  vertical  chambers  or  retorts, 
2m>  long  (Oft.  6-74  in.),  0m  50  wide  (1ft.  7-09 in.),  and  8m  50  high 
(28  ft.  0*05  in.).  Below  the  level  of  tho  ground  at  the  bottom  is  a 
pit  to  receive  the  apparatus  for  discharging.  Tho  total  height  of  tho 
entire  furnaco  from  the  level  of  the  ground  is  13m-  (42  ft.  7  81  in.),  and 
from  tho  bottom  of  the  pit  14m  20  (46  ft  7-05  in.).  The  lower  part  of 
tho  retorts  widens  somewhat  downwards,  in  order  to  facilitate  the 
descent  of  tho  reduced  charge.  Round  each  of  the  retorts  is  a  series  of 
vertical  flues,  communicating  below  with  the  fire-places,  and  above 
with  a  large  flue  opening  into  the  air.  The  whole  structure  is  firmly 
braced  with  bar-iron.  Tho  bricks  employed  in  constructing  the 
retorts  are  made  with  a  tongue  on  the  upper  surface,  and  a  groove  on 
the  under  one,  whereby  lateral  displacement  is  prevented. 

If  the  reduced  iron  were  withdrawn  while  hot,  or  even  warm,  it 
would,  on  coming  in  contact  with  the  air,  take  fire  and  be  again 
oxidized.  In  order  to  prevent  this,  at  the  bottom  of  the  retorts  is 
fixed  a  rectangular  case  of  sheet  iron,  0m  002  (0*08  in.)  in  thickness, 
and  4m  50  (14  ft.  917  in.)  in  length  ;  it  is  termed  the  "  rcfroidissoir," 
or  cooler,  and  underneath  it  is  another  case  of  cast-iron,  perforated  on 
one  side  with  holes  in  order  to  allow  the  passage  of  the  bars  of  a  grate, 
and  having  on  tho  opposite  side  a  projection,  or  groove,  to  furnish 
support  to  the  ends  of  these  bars.  There  are  50  such  bare,  0"018 
(0-7  in.)  in  diameter,  and  0m-  020  (0-70  in.)  apart  from  each  other. 
The  cooler  may,  when  necossary,  bo  surrounded  with  a  second  case, 
through  which  circulates  a  current  of  cold  water,  in  order  to  promote 
the  cooling  of  the  reduced  iron,  and  so  allow  more  charges  to  be  with- 
drawn in  a  given  timo.  Below  the  cooler,  and  on  a  level  with  the 
ground,  is  a  waggon  running  on  rails.  Tho  bottom  of  the  waggon  is 
moveable,  and  may  be  raised  or  lowered  by  means  of  a  horizontal  lift 
on  a  vertical  axis.  In  the  operation  of  discharging,  the  moveable 
bottom  of  the  waggon  is  brought  in  contact  with  tho  bars  of  the  grate, 
which  are  then  successively  drawn  out.  The  bottom  is  then  lowered 
to  its  original  position,  when  tho  reduced  iron  drops  down  and  fills  the 
waggon. 

The  total  cost  of  a  furnace  such  as  described,  including  bricks, 
iron-work,  labour,  etc.,  is  estimated  at  11,500  francs,  or  about  460/. 


*  The  construction  of  one  of  the  retorts  I  notion  of  Chenots  reduction  chamber, 
of  the  Appolt  coke  oven  will  give  a  good  |  Vide  Metallurgy,  Firet  Part. 

Digitized  by  Google 


CflENOTS  PROCESS. 


330 


The  following  details  relate  to  a  furnace  at  Hautmont  with  a  single 
retort,  50  (4  ft  1 1  -06  in.)  long  by  0»-  50  ( 1  ft.  7-09  in.)  broad.  The 
double  retort  furnaces  were  not  even  completed  when  Gratoau's  descrip- 
tion was  written. 

The  cost  of  labour,  per  shift  of  12  hours,  is  set  down  as  follows:  1 
stoker,  for  two  furnaces,  3  fr. ;  1  labourer  per  furnace  for  filling  and  dis- 
charging, 2  fr. ;  1  labourer  for  carrying  the  ore,  breaking  it,  etc.,  2  fr. ; 
1  boy  for  sifting  the  charges,  1  5  fr. :  making  a  total  of  8-5  fr.,  or  7s.  \d. 

The  daily  charge  of  a  furnace  with  one  retort  is  1500  kil.  (about  1$ 
ton)  of  calcined  iron-ore,  and  500  kil.  (about  \  ton)  of  wood  charcoal. 
Reduction  is  completed  at  the  end  of  3  days,  when  the  preceding 
charge  is  withdrawn,  and  the  freshly-formed  sponge  falls  into  the 
cooler,  where  it  remains  3  days,  and  so  the  operation  is  repeated. 
Thus  the  entire  elaboration,  reduction,  and  cooling  last  6  days.  Tho 
yield  is  1100  kil.  (about  12  cwts.)  of  sponge,  exclusive  of  100  kil. 
(about  2  cwts.)  of  charcoal  in  excess  in  admixture.  There  is  at  the 
same  time  a  consumption  of  1300  kil.  (about  1  ton  0  cwts.)  of  coal  as 
fuel. 

The  ore  employed  was  from  Sommorostro,  Biscay,  in  Spain  ;  it  con- 
sisted of  a  mixture  of  sesquioxide  and  carbonate  of  protoxide  of  iron, 
and  contained  55  %  OI*  iron.  At  the  mines  it  cost  10  fr.  tho  tonne 
(about  8*.  4d.  the  ton),  but  at  Uautmont  45  fr.  (about  1/.  17*.  fid.). 

The  following  analysis  is  given  of  the  Sommorostro  ore  :  — 


Sesquioxide  of  iron   78-70 

Oxide  of  manganese    0*05 

Silica   10  01 

Alumina   2  30 

Lime    0  0fi 

Water   822 


100-00 


At  Baracaldo,  according  to  Grateau,  from  10,000  to  18,000  kil. 
(about  16  or  18  tons)  of  iron  were  made  daily,  of  which  10,000  (about 
10  tons)  were  obtained  from  iron  sponge  in  finery  fires  or  hearths,  and* 
the  remainder  by  the  mixed  puddling  of  spongo  and  oast-iron. 
Mr.  Sandberg  reports  that  at  Baracaldo  iron  in  1K02  was  made  in 
three  different  ways:  1.  Chenot's  indirect  heating;  2.  Puddling 
charcoal  pig ;  3.  Puddling  coko  pig.  Tho  prices  per  ton  were  respec- 
tively 20/.,  18/.,  and  16/. 

The  following  analysis  is  given  of  the  oro  used  in  Chenot's  process 
at  Baracaldo  ;  it  is  from  Campanil,  near  Bilbao  :— 


Sesquioxide  of  iron    80  - 60 

Protoxide     do   5*42 

Oxide  of  manganese   2  00 

Silica    2-00 

Alumina   0  40 

Lime    truer 

Carbonic  acid   8'39 

Water   (J  30 


100- 11 
1  2 
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When  perfectly  reduced,  the  iron  sponge  has  a  bright  grey  colour, 
in  soft,  and  can  be  easily  cut  with  a  knife  in  thin  slices  ;  it  may  be 
ignited  by  a  match,  when  it  continues  to  burn  until  wholly  oxidized. 
The  imperfectly  reduced  ore  has  a  black  colour,  and  can  neither  be 
cut  nor  ignited. 

It  is  stated  that  on  the  average  the  specific  gravity  of  well  made 
sponge  should  not  exceed  1*25;  but  it  is  necessarily  very  variable, 
depending  upon  the  nature  of  the  ore,  the  temperature  of  reduction, 
etc.  Under  a  pressure  carried  perhaps  to  3000  atmospheres  the  sponge 
has  been  reduced  to  ±  of  its  original  bulk.  During  the  process  of 
compression  there  is  great  evolution  of  heat. 

The  application  of  iron  Bponge  to  the  manufacture  of  steel  will  be 
subsequently  examined.  Grateau  announces  that  the  Bessemer  process 
has  been  very  properly  abandoned,  and  at  the  same  time  predicts  a 
bright  future  for  that  of  Chenot.  He  thus  expresses  himself:  44  The 
Chenot  process,  the  fruit  of  25  years  of  persevering  researches,  and 
resting  upon  truly  industrial  principles,  presents  the  happy  alliance  of 
science  and  practico,  and  will  remain  an  acquisition  to  Metallurgy,  of 
which  it  has  enlarged  the  domain,  while  bestowing  upon  industry  a 
new  method  of  obtaining  ordinary  steel  of  good  quality,  of  which  the 
use  becomes  every  day  more  extensive."  Grateau's  statement  concern- 
ing liessemer's  process  is  as  erroneous  as  his  prophecy  will  probably 
bo  found  to  bo  concerning  Chenot  s. 

I  have  hitherto  described  what  is  termed  tho  external  or  indirect 
method  of  heating,  and  1  have  now  to  notice  what  is  termed  the 
internal  or  direct  method  of  heating.'  In  this  method  the  ore  is 
reduced  by  a  hot  current  of  carbonic  oxide,  and  not  by  intermixture 
with  solid  carbonaceous  matter.  Tho  furnace  consists  essentially  of  a 
rectangular  vertical  reduction  chamber,  with  an  iron  cooler  at  the 
bottom,  just  as  in  the  first  furnace  ;  but  in  other  respects  there  is  con- 
siderable difference.  The  chamber  is  connected  with  two  carbonic 
oxide  generators  or  gas-furnaces  of  the  usual  construction,  one  on  each 
Jong  side,  communicating  with  the  reducing  chamber,  near  the  bottom 
and  above  the  top  of  tho  cooler.  Charcoal  is  the  fuel  employed.  Air 
is  blown  into  the  generators  at  a  pressure  equal  to  jt  in.  column  of 
mercury,  and  a  gaseous  current,  rich  in  carbonic  oxide,  is  thus  main- 
tained upwards  through  the  column  of  ore  in  the  reduction  chamber, 
at  tho  top  of  which  it  bums  with  its  characteristic  bluo  flame,  except 
when  it  is  occasionally  damped  by  the  aqueous  vapour  from  the  ore. 
Attempts  have  been  made  to  dry  the  ore  over  this  flame,  and  with 
success.  The  pressure  of  the  gas  should  bo  such  that  gas  may  escape 
in  small  quantity  at  tho  bottom  without  burning,  yet  so  that  it  may  bo 
lighted  by  a  match ;  otherwise,  air  might  got  access  to  tho  reduced 
iron  and  re-oxidize  it 

M.  Tourangin  has  proposed  a  modification  of  tho  direct  or  internal 


*  For  much  of  the  following  and  sonie 
of  tho  preceding  information  I  am  in- 
debted to  my  friend  Mr.  Sandberg,  of 


Sweden,  who  reported  on  Chenot "s  pro- 
cess to  the  Board  of  Iron  Blatters  at 
Stockholm,  Novr.  1862. 
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method  of  beating,  which,  Mr.  Sandborg  reports,  has  been  carried  out 
in  three  localities  near  Bilbao,  and  at  one  in  France.  The  furnace 
employed  is  only  about  20  ft.  high,  and  no  machinery  is  required  in 
drawing  the  charges.  The  cost  is  stated  to  be  only  half  that  of  one  of 
Chenot  s  direct  furnaces,  though  its  principle  is  exactly  the  same. 
There  is  a  vertical  quadrangular  chamber,  square  in  section,  or  nearly 
so,  having  a  gas-generator  on  each  side,  etc.  The  bottom  of  the  furnace 
is  about  2ft  below  the  opening,  through  which  the  ga*  from  the 
generator  enters;  it  slopes  forwards  and  downwards  towards  the  front, 
which  is  open ;  this  opening  is  closed,  except  during  the  removal  of 
the  iron  sponge,  which  is  drawn  forwards,  when  it  falls  into  an  iron 
box,  and  is  covered  with  ashes  to  protect  it  from  re-oxidation.  Above 
this  opening  or  drawing-hole  several  moveable  iron  bars  are  inserted 
in  order  to  support  the  ore,  as  has  been  previously  described.  Tho 
bare  aro  taken  out  and  inserted  from  time  to  time  according  to 
circumstances.  The  blast  must  be  kept  on  during  the  drawing  of  tho 
sponge,  in  order  to  prevent  tho  admission  of  air  into  tho  furnace. 
About  20  tons  of  iron  sponge  may  be  produced  in  such  a  furnace  in  a 
week,  and  may  during  the  same  time  be  worked  into  blooms  in  a  char- 
coal hearth  with  a  yield  of  50%. 

The  charcoal  hearth  employed  for  balling  tho  sponge  is  nearly 
similar  to  that  employed  in  making  iron  for  charcoal  tin  plates  in 
South  Wales.  During  the  hammering  of  tho  ball,  jets  of  blue  flame 
escape  from  it  in  all  directions.  If  a  mill  be  at  hand,  tho  blooms 
may  be  rolled,  without  reheating,  into  bar  of  about  II  in.  square  in 
sectional  area;  they  are  cut  into  lengths  of  12 in.  During  the  first 
rolling,  the  iron  is  surrounded  by  blue  flamo,  and  appears  very  soft. 
The  cut  pieces  may  bo  re-heated  in  tho  mill-furnaco  fired  with  coal, 
and  rolled  into  merchant  bars  of  different  sizes. 

At  Baracaldo  the  Chenot  iron  was  highly  esteemed  for  horse  shoe 
nails,  and  on  that  account  commanded  a  higher  price  than  puddled 
iron,  although,  according  to  Mr.  Sandborg,  it  was  certainly  not  so 
homogeneous  as  the  latter.  Tho  Chenot  iron  is  reputed  to  be  extremely 
Kjft  and  tough,  with  a  fibrous  fracture.  W  hat  is  termed  a  crystalline 
fracture  was  only  occasionally  seen.  At  a  red  heat,  Mr.  Sandborg 
states,  it  was  exceedingly  soft  and  easy  to  manage ;  it  did  not  present 
any  cracks,  though  carelessly  forged. 

Mr.  Sandborg  has  given  the  following  as  the  cost  of  production  of 
iron  by  the  Chenot  process  at  different  establishments  which  ho  visited 
in  1862.  The  calculations  have  been  made  from  data  communicated 
to  him. 

External  or  indirect  method  of  heating. — At  Baracaldo,  making  about 
2000  tons  annually  (1862).  For  1  ton  of  finished  merchant  bar-iron 
are  required, — 

1  15  of  blooms  or  No.  1  iron. 

1  •  CO  of  iron  sponge. 

2*56  of  ore  free  from  powder. 

a- 00  of  ore  us  gotten,  uud  of  which  the  analysis  had  been  previously 
given.  ► 
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Fuel. — 100  of  coal  in  the  Inst  heating. 

1*15  of  blooms  requires  in  the  charcoal  hearth  0  8 J  of  charcoal  free 
from  powder,  and  in  the  reduction  furnace  0-  04  of  charcoal  in  powder. 
For  1-60  of  sponge  1-75  of  coal  is  consumed  in  heating  the  reduct  ion 
furnace. 

Total  weight  of  charcoal  1*50  and  of  coal  2-75. 

Internal  or  direct  method  of  heating. — At  Laramado,  making  about  COO 
tons  annually.  (The  results  obtained  March,  1863.)  For  1  ton  of 
merchant  bar-iron  are  required, — 

1  •  10  of  blooms  or  No.  1  iron. 

2 -20  of  iron  sponge. 

3*  19  of  ore,  free  from  powder. 

3*75  of  ore  as  gotten.    This  ore  is  not  so  rich  as  that  used  at  Baracaldo. 
Fuel. — 1  •  00  of  coal  in  the  last  heating. 

1-  10  of  blooms  requires  in  the  charcoal  hearth  0*88  of  charcoal. 

2-  20  of  iron  sponge  requires  0 •  iH»  of  charcoal  in  the  reduction  furnace. 
Total  charcoal  free  from  powder  T87  and  coal  1. 

Cost  of  modern  process  in  operation  in  a  few  places  in  Sweden, 
where  it  is  conducted  with  the  greatest  skill.  For  1  ton  of  merchant 
bar-iron  are  required,— 

1*25  of  pig-iron. 

2 '50  of  ore,  containing  50%  of  iron. 
Fuel. — 1-66  of  charcoal  in  refining  [i.e.  converting  into  malleable  iron  in  the 
charcoal  hearth)  and  welding. 

1-  25  of  pig-iron  requires  100  iu  the  blast  furnace. 
Total  cluircoal  2 '60. 

For  the  sake  of  comparison,  the  following  details  are  given  of  the 
cost  in  Sweden  of  smelting  and  making  iron  in  the  charcoal  hearth, 
like  that  in  use  at  the  tin  plate  works  in  South  Wales.  For  1  ton  of 
merchant  bar-iron  are  required,— 

1*10  of  blooms,  not  welded. 
1*25  of  pig-iron. 

2-  50  of  ore,  containing  50  %  of  iron. 
Fuel.— I  00  of  coal  in  the  last  heating  of  the  blooms. 

1*  10  of  blooms  requires  0*90  of  charcoal  in  refining,  i.e.  converting  into 

malleable  iron,  etc. 
1  •  25  of  pig-iron  requires  1  •  00  of  charcoal  in  the  blast  furnace. 
Total  charcoal  1  90  and  coal  1  -00. 

This  is  about  the  same  consumption  of  charcoal  and  coal  as  in 
Chenot's  direct  process,  and  in  Tourangin's  modification. 

Poor  Chenot  seems  to  have  had  unbounded  faith  in  his  inven- 
tion, and  to  have  regarded  it  as  a  great  discovery,  in  ignorance, 
no  doubt,  of  what  bad  been  previously  done  by  Clay  and  others.  I 
possess  the  MS.  which  Chenot  communicated  to  the  jury  of  Class  I. 
in  the  International  Exhibition  of  1851  ;  and  from  this  I  extract  the 
following  summary  of  the  alleged  advantages  of  his  process :  "  The 
capability  of  operating  upon  all  sorts  of  raw  material,  in  all  localities, 
with  any  workmen,  with  Bmall  capital,  and  with  little  machinery, 
obtaining  the  best  possible  products,  really  answers  the  economical 

question  better  than  any  statement  in  figures  I  defy  an 

ironmaster  employing  the  ordinary*  methods  to  obtain  cast-iron  of 
medium  quality  at  the  same  cost  at  which  ho  would  be  able  to  produce 
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iron  in  the  state  of  blooms  of  excellent  iron  or  steel  by  my  system. 
Irrespective  of  the  advantage  of  cost,  I  should  be  ablu  to  use  any  kind 
of  fuel,  and  in  general  should  require  only  half  the  capital."  The 
reader  is  now  invited  to  compare  this  glowing  announcement  of  an 
enthusiastic  inventor  with  the  following  calm  and  dispassionate  opinion 
of  competent  and  disinterested  men. 

In  18.36  the  following  report  was  drawn  up  and  presented  by 
MM.  Combes,  Itegnault,  and  Thirria  to  the  French  Minister  of  Public 
Works  on  making  iron  and  steel  by  the  processes  of  Chenot* : — 

44 1.  The  cast  steels  made  by  Chenot's  processes  at  Clichy-la- 
Garenno,  with  the  ores  of  Soinmorostro,  may  bo  considered  of  good 
quality  and  adapted  to  the  same  purposes  as  the  good  steels  from  suit- 
able indigenous  [i.e.  French]  irons. 

44  2.  Chenot's  processes  seem  applicable  with  advantage  to  tho 
making  of  steel  with  certain  rich  ores  of  French  and  foreign  origin  at 
works  in  suitable  localities. 

44  3.  It  is  not  probable  that  these  processes,  in  their  actual  state, 
fehonld  be  applied  with  advantage  to  the  manufacture  of  iron,  except, 
perhaps,  where  rich  ores  of  iron  might  be  procured  at  a  low  price  and 
labour  would  be  cheap." 

It  need  hardly  be  observed  tliat  the  report,  bearing  the  distinguished 
names  above-mentioned,  should  carry  the  greatest  weight.  Tho  fol- 
lowing report  on  the  same  subject  was  drawn  up  by  M.  Callon,  and 
adopted  by  the  residual  section  of  the  jury  of  Class  I.  at  the  Inter- 
national Exhibition  in  Paris  in  1855.7  The  contrast  between  this  and 
the  other  report  is  remarkable. 

"  We  congratulate  M.  (Jhenot  on  the  ingenious  arrangements  by 
means  of  which  he  is  enabled, 

44  1.  To  collect  by  his  electro-magnetic  sifter  every  portion  of  tho 
metallic  sponge  from  the  fragments  of  charcoal  in  admixture,  when  the 
charges  are  drawn  out  of  the  lower  part  of  the  furnace. 

44  2.  To  effect  the  compression  of  the  sponges,  and,  when  necessary, 
of  all  sorts  of  metallic  sliavings  prepared  for  treatment  or  for  the  for- 
mation of  alloys. 

44  3.  To  realize  a  considerable  advantage  in  many  cases,  especially 
in  the  fusion  of  steely  in  rendering  the  ashes  of  tho  coke  employed  so 
fusible  that  tho  grates  are  always  clean  and  free  from  viscous  clinkers 
which,  too  often,  collect  upon  them,  corrodo  them,  and  obstruct  the 
draught. 

44  In  conclusion,  the  jury  is  of  opinion  that  there  is,  perhaps,  no 
exhibitor  w  ho  has  presented  a  more  remarkable-  ensemble  of  new  and 
important  facts  in  an  industrial  point  of  view ;  that  if  it  cannot  at 
present  be  affirmed  tliat  these  discoveries  or  inventions  have  reached 
the  state  of  industrial  development  on  a  great  scale,  yet  the  products  have  at 
least  this  exceptional  perfection  due  to  science  or  to  practice,  which  justifies 
the  jury  in  awarding  the  'medaillc  d'honneur '  to  M.  Chenot." 

In  the  direct  extraction  of  malleable  iron  from  tho  ore,  as  Chenot 


■  Berne  Uuivcreelle,  ante  tit.  p,  20.  :  Ibkl.  p.  U. 
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proposes,  at  a  temperature  which  merely  suffices  to  reduce  oxide  of 
iron  to  the  metallic  state,  it  is  obvious  that  a  very  largo  class  of  ores, 
such  as  the  argillaceous  carbonates,  etc.,  would  be  excluded.  These 
ores  contain  a  considerable  amount  of  foreign  matter  in  a  state  of  most 
intimate  mixture  ;  and  by  no  process  of  electro  sifting  is  it  concoivable 
that  the  reduced  iron  could  be  separated  in  a  satisfactory  manner. 
The  foreign  matter  might  certainly  be  more  or  less  completely  removed 
in  the  process  of  working  the  reduced  and  compressed  sponge  at  a 
welding  heat  in  a  charcoal  fire  or  reverberatory  furnace,  not,  however, 
without  great  loss  from  the  formation  of  silicate  of  protoxide  of  iron, 
which  would  necessarily  be  produced  in  large  quantity;  and  so  far 
there  would  be  no  advantago  over  the  Catalan  method.  The  reduced 
ore  might,  as  is  reported  to  have  been  done  in  Spain,  be  puddled  in  ad- 
mixture with  pig-iron,  and  with  the  production,  probably,  of  a  better 
quality  of  iron  than  could  be  obtained  from  tho  latter  alone.  Iron  di- 
rectly extracted  in  tho  malleable  state  at  a  comparatively  low  tempera- 
ture from  an  ore  is  not  so  likely  to  be  contaminated  with  phosphorus, 
as  iron  derived  from  cast-iron  produced  by  smelting  tho  same  ore. 
This  has  been  previously  exemplified  by  an  account  of  the  practice  in 
Finland  with  respect  to  lake  ores. 

Tho  qualities  required  in  an  iron-ore  suitable  for  Ohenof s  process 
are  obviously  the  fullowing  : — 1.  Purity.  The  presence  of  silica  would 
necessarily  causo  much  waste  in  the  process  of  working  the  sponge  into 
balls ;  and  magnesia  cannot  be  removed  without  difficulty  and  increased 
consumption  of  fuel  in  the  samo  operation.  Lime  and  manganese  are 
stated  to  be  tho  least  objectionable  foreign  matter.  2.  It  should  bo  loose 
in  structure,  so  as  to  facilitate  permeation  by  the  chief  agent  of  reduc- 
tion, carbonic  oxide.  No  ore  can  be  more  favourable  to  this  action 
than  brown  iron-ore,  owing  to  the  expulsion  of  its  water  by  heat  and 
the  consequent  porosity  induced  in  every  part  of  the  mass.  Dense 
and  compact  magnetic  oxide  would  be  reduced  with  much  greater 
difficulty.  3.  It  should  not  be  fusible  jiersc  at  the  temperature  at  which 
reduction  takes  place. 

Tho  size  of  tho  pieces  of  ore  is  important.  A  large  lump  will 
require  much  longer  time  for  reduction  than  the  same  mass  broken  up, 
owing  to  the  greater  extent  of  surface  thereby  exposed  to  permeation 
by  carbonic  oxide.  On  tho  other  hand,  this  condition,  so  favourable  to 
reduct  ion,  adds  to  the  loss  of  iron  in  the  balling  process,  owing  to  the 
increased  surface  exposed  to  oxidation.  Thus,  in  balling  sponge  of 
the  size  of  beans  in  a  charcoal  hearth,  the  waste  has  been  found  to  be 
28%  greater  than  with  sponge  of  the  sizo  of  walnuts. 

Mr.  Sandberg  points  out  one  important  consideration  with  reference 
to  Chenot's  process,  namely,  that  the  massive  portion  of  red  and  brown 
hajmatitc  is  often  mixed  with  15%  or  20%  of  the  ore  in  a  pulverulent 
stato.  This  powder  must  be  separated,  and  cannot  bo  used  without 
having  been  aggregated  into  solid  pieces  by  compression.  A  machine 
suitable  for  this  purpose,  which  co&t  50/.,  was  stated  to  be  in  operation 
at  llautmont;  but  in  the  throo  establishments  visited  by  Mr.  Sandberg, 
tho  pulverulent  ore  was  not  used. 
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Mr.  Sandberg  nowhere  observed  uniform  and  complete  reduction  of 
the  ore;  and  this  seemed  to  depend  rather  upon  variation  in  the 
compactness  or  closeness  of  structure  of  the  ore  than  upon  difference 
of  size  in  the  lumps.  Pieces  of  brown  haematite  varying  much  in  this 
respect  may  readily  be  selected  from  the  same  locality.  It  is  asserted 
by  Mr.  Sandberg  that  complete  reduction  of  the  ore  has  never  been 
effected  in  one  operation ;  and  it  is  always  necessary  to  pick  out  the 
imperfectly  reduced  portions  and  pass  them  a  second  time  through  the 
reducing  chamber.  Experience  has  proved  that  all  tho  ore  may  be 
completely  reduced  by  prolonged  exposure  to  the  action  of  tho 
reducing  gas  ;  but  then  the  increased  consumption  of  fuel  becomes  so 
large  as  compared  with  the  additional  amount  of  ore  reduced,  that  it 
has  been  found  preferable  to  submit  to  the  evil  of  incomplete  reduction 
and  afterwards  assort  the  sponge. 

Yates's  Process. 

Mr.  Yates  has  favoured  me  with  a  pamphlet  containing  a  detailed 
description  of  a  method  which  he  proposes  for  the  direct  extraction  of 
iron  in  the  malleable  state  from  its  ores;*  and  has  communicated  with 
me  personally  on  the  subject.  In  principle  this  process  is  identical 
with  those  previously  proposed,  the  reduction  of  tho  ore  being  effected 
by  heating  it  in  admixture  with  carbonaceous  matter ;  and  the  appa- 
ratus described  appears  to  me  to  be  merely  a  modification  of  that  of 
Chenot.  But  there  are  theso  differences  between  the  two  methods : 
while  Chenot  heats  tho  reduction  chamber  by  furnaces  of  the  ordinary 
kind  with  grates,  Yates  employs  exclusively  gas-furnaces,  in  which 
carbonic  oxide  is  produced  in  generators;  and  while  Chenot's  reduction 
chamber  is  rectangular  and  formed  of  fire-brick,  Yates's  consists  of  a 
succession  of  three  oval  fire-clay  retorts,  set  vertically  over  each  other 
and  united  by  socket-joints.  I  subjoin  Mr.  Yates's  own  description  in 
exteuso. 

"The  reducing  and  cementing  furnaco  for  iron  consists  of  two 
upright  shafts  or  reducing  chambers  of  fire-clay,  from  30  to  .'J.')  feet  in 
height,  capable  of  holding  30  to  40  tons  of  ore,  working  continuously 
at  the  rate  of  about  1  to  H  foot  por  hour,  according  to  the  species  of 
ores  operated  upon  or  the  product  required.  The  shafts  are  heated 
externally  by  gas,  generated  in  four  gas-furnaces,  ono  being  placed 
opposite  to  the  longer  side  of  each  of  tho  oval  chambers.  The  flaino 
of  the  ignited  gases  impinges  upon  each  shaft,  about  10  feet  from  the 
l»ottom  of  it.  This  portion  of  the  shaft,  or  that  below  the  inlet  for  tho 
gases  outside  of  it,  is  used  as  a  cooling  chamber  for  the  reduced  ores  to 
remain  in  a  certain  time  before  being  withdrawn,  for  otherwise  tho 
reduced  metallic  iron  wrould  ro-absorb  oxygen,  and  thereby  partly 
neutralize  the  effect.  The  shafts  are  fitted  with  air-tight  double-acting 
filling-hoppers  at  tho  top,  and  with  air-tight  double-acting  doors  at  the 


*  Iron  ami  Steel  :  on  gome  Points  of 
Economy  in  their  Manufacture.  Uv 
Frederick  Yates.  1860.  pp.  23.  VacheY 


nn<l  Sonn,  20,  Parliament  Street,  London. 
It  is  illustrated  with  excellent  engrav- 
ing*. 
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bottom ;  these  being  so  constructed  that,  whilst  filling  in  the  materials 
at  the  top  or  extracting  the  products  at  the  bottom,  no  air  is  admitted 
at  either  point.    Between  the  two  shafts  are  heating  pipes  for  the  air 
used  for  the  combustion  of  the  gases — heated  air  being  used  in  order 
to  save  fuel  and  increaso  the  heat  if  necessary.    The  air  is  heated 
by  means  of  the  waste  hot  products  of  combustion  in  their  passage 
from  the  top  of  the  shafts  to  the  atmosphere.    The  gas  is  here  created 
with  cold  air.   The  whole  of  the  blast  is  supplied  by  a  12-horsc  power 
engine,  and  the  pressure  of  air  employed  varies  from  £  lb.  to  li  lb., 
according  to  the  sort  of  fuel  used  and  various  other  circumstances. 
The  charging  and  withdrawing  of  the  materials  into  or  from  the  shafts 
respectively  take  place  at  short  intervals,  without,  however,  allowing 
air  to  enter  them.    The  ores  are  filled  into  the  fumaeo  in  pieces  vary- 
ing from  the  sizo  of  a  small  hen's  egg  to  that  of  a  large  nut.  The 
carbon  is  broken  somewhat  smaller  than  either  of  the  sizes  above 
given,  so  as  to  fill  up  the  interstices  and  envelope  the  pieces  of  ore,  as 
it  were.    Both  the  ores  aud  the  carbon  are  intimately  mixed  together 
before  being  filled  into  the  furnace.    The  quantity  of  solid  carbon 
required  varies  with  the  character  of  tho  ores ;  but  the  auiount  of 
oxygen  combined  with  the  iron  in  the  ores  is  readily  ascertained,  and 
tho  necessary  quantity  of  carbon  for  reduction  and  cementation  thence 
easily  calculated — a  small  excess  of  carbon  producing  no  material 
effect-     In  order  to  produce  precisely  similar  actions  and  similar 
agents  to  those  going  on  and  operating  inside  an  ordinary  blast-furnace, 
and  to  aid  in  the  reduction  and  cementation  of  tho  iron  in  the  ores  by 
maintaining  constant  and  continuous  points  of  contact  between  it  and 
the  carbonaceous  elements,  and,  furthermore,  to  secure  the  presence  of 
the  cyanogen  compounds  (indispensable  to  the  production  of  steel,  aud 
probably  of  iron  also),  [?  J.  P.],  1  introduce  to  the  inside  of  the  shaft  a 
small  current  of  tho  reducing  and  cementing  gases  from  the  gene- 
rators, by  means  of  a  flue  branching  o If  from  the  main  conduit  for  the 
gases  to  tho  point  of  combustion,  but  considerably  lower  than  this. 
The  reduced  ore  should  always  be  in  a  dry  state  when  drawn  from  tho 
fliniaco,  and  must  on  no  account  ever  be  heated  so  far  as  to  become 
pasty.    Such  a  furnace  represents  in  its  actions  the  middle  part,  or 
al)out  20  feet,  of  an  ordinary  blast-furnace,  and  hero  the  fiist  operation 

ends  The  apparatus  for  fusing  the  reduced  ores  containing 

metallic  iron  should  bo  a  large-sized  double  puddling  furnace,  with 
two  generators,  and  fitted  with  a  tap-hole  at  a  convenient  height,  in 
older  that  tho  slag  from  the  ores  may  be  tapped  off.  The  bottom  of 
the  furnace  should  be  as  deep  from  tho  level  of  the  working  door-plate 
as  is  consistent  with  the  convenient  working  of  the  iron,  after  it  has 
been  fused  and  freed  from  slag.  .  .  .  \\  ith  regard  to  fluxing  the  ores, 
no  difficulty  is  experienced;  on  the  contrary,  tin's  method  offers  jiecu- 
liar  advantages  in  this  respect,  if  the  fluxes  be  judiciously  selected 
and  the  requisite  heat  and  flame  applied.  Generally  shaking,  the 
nearest  approach  to  a  silicate  of  protoxide  of  iron  should  be  aimed  at  in 
forming  the  slag:  burnt  lime,  or  raw  or  half-calcined  pure  iron-ores, 
in  proper  proportions,  being  suitable  and  cheap  materials  for  the  pur- 
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pose.  The  reduced  metallic  iron,  together  with  the  proper  fluxes, 
should  be  thrown  into  the  single  puddling  furnace,  or  into  the  double 
one,  and  gradually  fused,  under  constant  stirring,  with  a  neutral 
flame  [t.  e.  not  containing  free  oxygen  J  to  the  welding  point.  In  about 
30  minutes  all  will  be  melted  and  the  slag  very  fluid,  when  it  should 
be  tapped  oft',  leaving,  of  course,  enough  on  the  bottom  to  cover  the 
iron,  which  now  can  be  got  together,  balled,  shingled,  and  rolled  into 
puddle-bars  in  the  usual  way  Each  of  these  reverberatory  fur- 
naces requires  a  3-horse  power  blast.  The  air  for  combustion  is  used 
hot,  and  is  heated  by  the  waste  products  of  combustion  passing  off 
from  the  furnace.  There  is,  after  this,  still  sufficient  heat  left  to 
create  more  than  enough  steam  for  the  3-horse  power.  Four  single 
pnddling-furnace8,  or  two  double  puddling  or  smelting  furnaces,  would 
be  sufficient  to  make  all  the  wrought-iron  produced  in  one  reducing- 
furnace;  and  the  waste  heat  from  them  would  create  steam  for  their 
own  blast,  and  that  for  the  reducing-furnace, — in  all,  25-horse  power. 
The  furnaces  and  blast-engine  requisite  to  make  100  to  120  tons  of 
wrought-iron  per  week  would  cost  2000/.  As  the  reduced  iron  is  in  a 
metallic  state  on  being  put  into  the  puddling  furnace,  as  a  matter  of 
course,  it  does  not  require  decarbonizing,  whereby  one-third  of  the 
time,  and  at  least  50  per  cent,  of  the  fuel,  are  saved,  compared  to  that 
now  employed  to  make  a  ton  of  puddled  bars." 

Mr.  Yates  enters  the  following  claim  for  originality :  *•  Up  to  the 
present  time,  no  person,  to  my  knowledge,  has  formed  a  perfect  and 
entire  system,  liko  the  present,  embracing  the  manufacture  of  wrought- 
iron  or  steel  direct,  or  cast-iron  by  a  divided  process  like  the  present, 
using  gas  exclusively  as  heating,  and  partly  as  reducing  and  cementing 
agent  throughout  all  the  operations  from  the  beginning  to  the  end ; 
nor  has  any  one  before,  for  any  purpose,  constructed  an  apparatus  on 
this  principle  on  so  large  a  scale." 

A  very  favourable  estimate  is  given  by  Mr.  Yates  of  tho  cost  of  pro- 
duction of  bar  iron  by  his  process  as  compared  with  that  of  the  ordinary 
course  of  smelting  and  manufacture.  Thus,  assuming  that  1$  cwt.  of 
coke  (108  lbs.)  are  used  to  produce  1  cwt.  of  cast-iron  (1 12  lbs.), — that 
the  100  lbs.  of  bituminous  coal  shall  contain  81$  lbs.  of  carbon,  lift  of 
hydrogen,  9  of  water  and  nitrogen,  and  6  of  ashcH,  etc., — that  the 
100  lbs.  of  coal  shall  yield  72  lbs.  of  coke, — the  estimated  saving  on  a 
ton  of  merchant  iron  at  8/.  per  ton  is  1/.  18.s.  7fcf.  Tho  items  are  as 
under : 

£.  $.  a. 

In  the  reduction  process   0  17    0  or00|°/  saving. 

Do.     puddling     do   0    8   7 J  „  57*%  „ 

Do.     reheating    do   0    8    0    „  4<J    /o  „ 

1    8  7i 

33%  on  the  waste  taken  at  22% /or  puddling) 

and  reheating;  or  156  lbs.  of  iron  at  St,  per)  0    7  0 

cwt  ) 

25°/o  on  the  time,  at  12*.  per  ton,  for  puddling  I  Q    1{  (> 

and  reheating   I 

1  18  71 
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Tho  reader,  especially  if  experienced  in  the  smelting  and  manufac- 
ture of  iron,  will  hardly  require  to  bo  cautioned  against  placing  too 
much  reliance  on  estimates  like  this,  which,  although  they  may  be  put 
forth  bond  fide  by  the  inventor,  may  yet  prove  fallacious.  Mr.  Yates 
remarks,  "  it  is  evident  [from  certain  details  which  he  presents]  that 
tho  present  mode  of  working  iron-ores,  whether  rich  or  poor,  is  not 
tho  most  rational  or  economic  one,  although  almost  the  only  one  in 
general  use.  Why  convort  iron  already  malleable  into  cast-iron,  to  bo 
reconverted,  at  much  labour  and  cost,  into  malleable  iron  again  ?  Why, 
if  tho  ores  were  originally  pure  enough,  produce  grey  cast-iron,  when 
soft  or  inferior  steel  may  as  easily  be  produced  ?  If  cast-iron  is  to  be 
made,  why  produce  it  at  such  an  immense  saciifice  of  fuel  ?  "  These 
questions  are  extremely  obvious.  They  have  been  repeatedly  pro- 
posed before,  but  never  yet  satisfactorily  answered  ;  and  as  some  years 
have  now  elapsed  sinco  Mr.  Yates  made  known  his  invention,  and  it 
still  remains  in  abeyance,  it  is  to  bo  feared  that  he  may  not  have  met 
with  greater  success  than  previous  inventors  in  the  same  line. 
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INDIRECT  EXTRACTION  OF   IRON   IN   THE  STATE  OF 

CAST-IRON  FROM  THE  ORE. 

ArrKR  what  has  been  advanced  concerning  the  reduction  of  tho  oxides 
of  iron  by  carbon  and  carbonic  oxide,  and  the  conditions  under  winch 
the  carburization  of  iron  occurs,  the  chemical  phenomena  of  the  modern 
blast-furnace  for  the  production  of  cast-iron  will  bo  readily  intelligible. 
Much  has  been  written  on  this  subject  tending  rather  to  confuse  than 
elucidate  it    The  furnace  being  in  operation,  or,  as  it  is  technically 
termed,  in  blast,  iron-yielding  materials  (of  which  the  essential  part  is 
oxide  of  iron),  flux  (generally  limestone),  and  fuel  are  continually 
thrown  in  at  the  top,  so  that  the  interior  may  be  kept  filled  up  nearly 
to  the  filling-holes,  while  slag  or  "cinder"  and  cast-iron  continually 
accumulate  in  the  hearth  at  the  bottom,  the  former  flowing  out  over 
the  dam,  and  the  latter  being  allowed  to  escape  at  intervals  through 
the  tapping  hole.     Thus  the  solid  contents  of  the  furnace  are  gradually 
and  uninterruptedly  descending,  and  a  current  of  atmospheric  air  from 
the  twvers  is  continually  ascending  to  the  top,  where  it  either  escapes 
or  is  carried  away  to  a  distance  in  pipes.    The  oxygen  of  the  air  from 
the  twyers  as  it  impinges  on  tho  highly  incandescent  fuel  is  in  a  greater 
or  less  degree  converted  into  carbonic  acid,  which  immediately  after- 
wards passes  to  the  state  of  carbonic  oxide.    If,  therefore,  tho  furnace 
contained  no  oxidized  substance  capable  of  reduction  by  carbonic  oxide, 
and  no  substance  volatile  at  high  temperatures       se  either  wholly  or 
partially,  tho  gaseous  current  would  undergo  no  further  change  in 
composition  in  its  progress  upwards,  and  tho  gas  evolved  at  the  top 
would  chiefly  consist  of  nitrogen  and  carbonic  oxide.    Rut  this  is  not 
the  case.    Oxide  of  iron,  easily  reducible  by  carbonic  oxide,  is  present ; 
there  is  also  limestone  which  may  bo  resolved  into  lime  and  carbonic 
acid ;  and,  unless  absolutely  pure  carbon  were  employed,  certain  volatile 
matters  would  proceed  from  the  fuel.    The  oxido  of  iron  in  its  descent 
is  reduced  partly  by  direct  contact  with  incandescent  carbon,  but 
chieflv  by  carbonic  oxido  in  the  manner  previously  described.  Tho 
temperature  of  the  furnace,  it  is  obvious,  must  increase  in  proportion 
to  the  depth  from  tho  top,  and  tho  reduced  iron  towards  the  lower  and 
hottest  part  becomes  carburized,  and  converted  into  casf-iron,  which 
trickles  down  in  a  molten  state  to  the  bottom.    But  the  oxido  of  iron 
smelted  is  not  pure,  being  associated  with  various  so-called  earthy 
matters,  such  as  silica,  alumina,  etc.,  and  the  fuel  does  not  consist  of 
pure  carbon,  but  contains  also  earthy  matters  or  ashes.    lu  order  that 
the  reduced  iron  may  be  separated,  it  is  essential  that  the  earthy  matters 
from  both  these  sources  should  bo  liquefied ;  and  generally  their 
nature  is  such  that  liquefaction  cannot  bo  effected  without  the  addi- 
tion of  a  flux,  and  for  this  purpose  lime  generally  answers  admirably 
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in  every  respect.  Moreover,  when  silica  is  present,  as  is  usually  the 
case,  either  free  or  combined,  or  in  both  states,  if  the  iron-yielding 
materials  and  the  ashos  of  the  fuel  did  not  of  themselves  contain 
sufficient  earthy  bases  to  form  basic  silicates,  silicate  of  protoxide  of 
iron  might  be  produced  and  escape  as  slag,  thus  causing  considerable 
loss  of  iron.  Now  lime  would  tend  to  obviate  this  evil  either  by  pre- 
venting the  formation  of  silicate  of  protoxide  of  iron,  or,  in  the  event 
of  its  formation,  by  decomposing  it  and  displacing  the  protoxide  of 
iron.  As  it  is,  under  certain  conditions,  especially  that  of  a  heavy 
burden,  i.  e.  a  large  proportion  of  iron-yielding  materials  and  a  rela- 
tively small  pro]>ortion  of  fuel,  the  evil  does  arise  and  is  actually 
tolerated.  But  this  is  a  point  to  be  reserved  for  future  discussion. 
The  slag  may  play  an  important  part  in  protecting  the  surface  of  the 
molten  metal  in  tho  hearth  from  possible  docarburization  under  the  oxi- 
dizing influence  of  tho  blast. 


DESCRIPTION  OF  THE  BLAST-FURNACE, 
Blast-furnace  at  Corngreaves,  Staffordshire. 

As  a  typical  illustration  of  a  modern  English  blast- furnace,  in  which 
coke  or  coal  is  used  as  fuel,  I  have  selected  one  of  a  pair  of  similar 
furnaces,  erected  in  1801  at  the  Corngreaves  Iron-works,  according  to 
tho  design  of  my  friend,  Mr.  Kenyon  Blackwell,  to  whom  I  am  indebted 
for  tho  drawings  from  which  tho  wood-cuts  have  been  executed.  The 
names  of  tho  several  parts  vary,  as  might  be  anticipated,  in  different 
parts  of  Great  Britain.  The  nomenclature  employed  in  the  following 
description  is  that  of  South  Staffordshire ;  but  in  subsequent  descrip- 
tions of  other  furnaces  I  shall  state  the  chief  variations  peculiar  to 
localities. 

The  furnace  consists  essentially  of  a  vertical  chamber  which  I  will 
henceforth  designate  tho  shaft;  it  is  circular  in  horizontal  section, 
but  widens  from  tho  bottom  upwards  and  from  the  top  downwards 
as  shown  in  fig.  29.  Tho  shaft  is  formed  of  an  inner  lining  of  fire- 
brick called  the  ring-wall,  and  an  outer  casing  or  shell  partly  of  fire- 
brick and  partly  of  common  brick :  see  fig.  29,  in  which  the  light 
sectional  shading  represents  fire-brick,  and  tho  dark  common  brick. 
The  furnace  is  supported  on  five  pillars  of  brick,  which  rest  on  a 
solid  foundation;  seo  figs.  29,  30,  a,  a,  etc.  These  pillars,  which 
I  will  designate  simply  the  pillars,  are  connected  above  by  arches, 
fig.  29,  6,  6,  thus  making  a  solid  and  continuous  bed  to  sustain 
tho  superstructure.  The  lower  part  of  the  shaft  from  c  down  wards, 
fig.  29,  is  built  after  the  completion  of  the  upper  part  of  the 
furnace,  and  is  quite  independent  of  it,  so  as  to  admit  of  being 
removed  and  replaced  without  difficulty.  The  part  of  the  shaft  from 
about  d  downwards,  fig.  29,  is  termed  the  hearth ;  it  is  flat  at  the 
bottom,  and  opens  towards  the  front  or  fore  part  of  the  furnace, 
figs.  29,  30,  e.    At  a  certain  height  from  the  hearth-bottom  and  on 
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Fig.  29.  !i!ast-furnace  at  Comgreaves,  Staffordshire.  Section  through  front  twyer-house  and  charging  door. 
The  number*  on  the  It-ft  from  8  fu  II  in.  to  9  ft  6  In.  arc  the  radii  of  lb?  external  circumference  of  the  bricks 
forming  this  part  of  the  furnace.  The  list  ends  at  9  ft.  6  in .  and  below  thla  to  the  txHtom  the  radius  Is  Die 
tame.  The  whole  of  the  two  lists  of  radii  given  are  intended  as  memoranda  for  the  brickmaker;  the  list 
from  top  to  bottom  being  internal  radii,  the  other  the  radii  of  the  external  circumference  of  the  bricks.  The 
numbers  on  the  right  aide  extenull j  Indicate  the  width  and  thickness  ot  the  hoops  of  Iron. 
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Fig.  30.  Blast-furnace  at  Conigreavea,  Staffordshire.  Man. 


the  samo  level  is  a  series  of  four  quadrangular  openings  to  receive 
the  twyers :  see  fig.  29,  /.  The  centres  of  these  openings,  in- 
cluding that  of  the  opening  of  the  front  of  the  hearth,  divide  the 
circumference  into  five  equal  parts.  The  top  or  mouth  of  the  furnace 
is  surmounted  by  a  cylindrical  chimney,  termed  the  tunnel-head, 
fig.  29,  <7,  around  the  lower  ]>art  of  which  are  four  equal  and  similar 
rectangular  openings  or  filling-holes,  fig.  29,  hy  at  equal  distances 
from  each  other  successively. 

In  old  furnaces  the  form  of  the  shaft  was  very  different.  The 
mouth  was  much  narrower,  there  was  great  widening  towards  the 
lower  part,  and  then  rapid  contraction  to  the  top  of  the  hearth,  the 
sides  of  which  were  vertical.  The  furnace  was  thus  divided  into 
specific  zones,  the  limits  of  which  were  exactly  marked  out.  But  in 
some  of  the  most  approved  modern  furnaces  such  as  that  in  process  of 
description,  there  are  no  such  definite  limits,  the  curvaturo  being 
gradual  and  regular  from  top  to  bottom.  The  lower  part  extending 
from  the  widest  part  to  the  top  of  the  hearth  was  called  the  boshes, 
and  this  term  is  still  retained,  though  it  is  difficult  in  some  cases  to 
point  out  whero  they  begin  or  end.  They  may,  however,  be  recog- 
nised as  the  removable  lower  portion  of  the  shaft  above  the  hearth,  and 
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they  will  be  more  clearly  indicated  in  engravings  of  other  furnaces  to 
be  subsequently  introduced. 

Foundation. — Owing  to  the  defective  nature  of  the  ground,  the 
foundation  was  commenced  15  feet  below  the  surface  by  a  bed  of  con- 
crete, 3  feet  6  inches  thick,  formed  of  broken  up  blast-furnace  cinder 
grouted  with  lime  mortar.  On  this  bed  rest  the  five  pillars  which 
carry  the  shell  and  lining  of  the  furnace.  After  the  completion  of  the 
entire  superstructure,  the  hearth  was  put  in  as  follows:  the  whole 
space  within  tho  pillars  was  filled  up  with  offal  fire-bricks  grouted 
with  fire-clay  to  within  5  feet  of  the  hearth  bottom,  and  upon  the 
second  bed  thus  formed  was  laid  a  course  of  Gornal  sandstone,  2  feet 
6  inches  thick,  surrounded  by  offal  fire-brick ;  on  this  second  bed  was 
laid  a  third  of  largo  dove-tailed  fire-bricks,  also  2  feet  6  inches  in 
depth :  see  figs.  29  i,  30.  The  foundation  below  this  course  of 
bricks  is  not  shown  in  tho  engravings.  It  will  bo  perceived  that, 
owing  to  tho  shape  and  mode  of  adjusting  these  bricks,  they  cannot  be 
forced  up  by  any  molten  metal  which  may  find  its  way  underneath. 

Hearth. — The  sides  of  the  opening  at  the  fore-part  are  vertical  to  a 
certain  height*from  the  bottom  and  then  slope  outwards.  At  the  top 
it  is  covered  in  by  an  arch,  termed  the  tymp-arch,  figs.  29,  32,  It. 


F«r.  M.  BlMt-fumaa',  Corngraivea,  Staffordshire.    Front  of  Hearth. 

Immediately  under  this  arch  is  fixed  the  tymp  itself,  which  is  a  long 
rectangular  casting  of  iron  containing  in  its  interior  a  wrought-iron 
tube  through  which  cold  water  is  kept  circulating :  see  figs.  47,  48,  49. 1 
In  making  such  a  tymp  the  molten  cast-iron  is  poured  into  a  sand- 
mould,  in  which  the  wrought-iron  tube  is  adjusted  like  a  core.  The 
tymp  is  secured  firmly  in  its  place  by  wrought-iron  wedges.  In  front 
the  hearth  is  prolonged  outwards,  as  shown  in  figs.  29,  35,  e ;  it 
is  closed  in  this  direction  by  a  wall  of  fire-brick,  called  the  dam, 
fig.  29,  /,  of  which  the  inner  surface  inclines  outwards,  while-  the 
outer  one  is  vertical  and  firmly  supported  by  a  strong  cast-iron 
plate,  (Milled  the  dam-plate,  figs.  29,  32,  m.  At  the  upper  edge 
of  this  plate  is  a  notch,  n,  called  tho  cinder-notch,  over  which  tho 


1  This  engraving  of  a  watcr-tymp  belongs  to  tho  furnace  next  in  order  of  descrip- 
tion. 
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stream  of  molten  slag  flows  down  the  inclined  plane  leading  there- 
from, called  the  cinder-fall :  see  fig.  33.  At  the  bottom  of  the  dam, 
and,  in  the  furnace  now  being  described,  on  the  right-hand  of  the 
dam-plate,  is  a  channel,  the  tapping-hole,  communicating  with  the 
interior  of  the  hearth,  and  through  which  the  metal  is  tapped  out, 

figs.  32,  35,  p.  During 


fur- 


Fig.  34. 


Blast-furnace,  Corngreavea,  Staffordshire, 
of  half  of  twelve  < 


Development 


the  working  of  the 
nace  it  is  stopped  by 
ramming  in  sand.  In 
some  furnaces  a  notch 
in  the  bottom  of  the 
dam-plate  itself  forms 
the  mouth  of  the  tap- 
ping-hole. But  this  ar- 
rangement is  strongly 
objected  to  by  some  furnace  managers,  because  if  the  furnace  "  works 
cold,"  or  is  stopped  from  any  accident,  it  would  bo  necessary  to  cut 
the  tapping-hole  upwards,  which  could  not  be  done  under  the  circum- 
stances. The  space  between  the  top  of  the  dam  and  the  tymp  is 
stopped  either  with  sand  or  clay,  more  or  less  completely,  care  being 
subsequently  taken  to  form  a  channel  for  the  escape  of  the  slag  when 
it  has  accumulated  in  the  hearth  to  a  sufficient  height  to  overflow. 
On  each  side  of  the  opening  at  the  fore-part  strong  plates  of  cast- 
iron  are  fixed,  fig.  32, 
7,  q.  The  lower  part 
of  the  hearth  within  the 
pillars  is  well  braced 
with  bars  of  iron  dove- 
tailed into  the  largo 
castings  which  form  the 
twyer-openings,  fig.  32. 

Ttoysr-openingsi. — They 
are  divided  towards  the 
interior  in  the  middle 
by  a  pier  of  bricks, 
figs.  34,  35,  /,  /,  thus 
forming  two  equal  aper- 
tures, called  twyer- 
holcs,  in  each  of  which 
is  a  twyer ;  and  towards 
the  exterior  they  are 
enlarged  and  cased  on 

r  Ig.  35.  BlaBt-furnace.  Corngreaves.  Staffordshire.  Clan  of  first  all  sides  by  the  large 
and  second  courses  shown  on  the  left,  and  of  the  fourth  and  oaatincr*  intr*  whiVh  thf* 
firth  courses  on  the  right  of  the  vertical  median  llnp.  castings  miO  wnitu  iue 

bars  above  mentioned 

are  dovetailed.  Tt  will  be  observed  that  the  air  circulates  freely 
round  the  outside  of  the  hearth,  which  is  thereby  prevented  from 
becoming  too  hot  and  rapidly  destroyed  in  consequence.  The  furnace 
men  can  thus  obtain  ready  access  to  the  twyers  and  perform  with 
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the  least  discomfort  to  themselves  any  work  which  may  be  required 
in  connection  therewith.  This  is  an  important  consideration;  for 
in  the  old  furnaces  one  had  to  grope  to  the  twyers  through  dark, 
narrow,  tortuous,  and  hot  passages,  pretty  much  as  Belzoni  did 
when  he  forced  his  way  into  the  interior  of  the  Egyptian  Pyramid. 
Obviously,  conditions  like  these  are  not  favourable  to  the  satisfactory 
execution  of  any  kind  of  work.  Moderate  attention,  at  least,  to 
the  comfort  of  workmen  is  not  bad  policy,  any  more  than  it  is  for  a 
doctor  to  make  physic  palatable  when  he  really  wishes  the  patient  to 
swallow  it  This  is  somewhat  common-place  philosophy,  but  it  is  too 
often  neglected,  even  in  Iron-works. 

Ticyer. — This  is  a  hollow  truncated  cone  of  wrought-iron,  of  which 
the  sides  are  hollow  to  allow  of  the  circulation  of  cold  water  through 
them,  as  shown  in  fig.  44.  In  the  axis  lies  the  nose  of  the  blast- 
pipe,  which  is  also  of  wrought-iron.  When  a  twyer  leaks  from  being 
burnt  or  otherwise,  it  can  easily  be  repaired.  Twyers  are  usually 
made  sufficiently  long  to  allow  of  such  reparation  several  times  with- 
out being  rendered  too  short  to  be  unserviceable.  They  are  placed 
with  their  axes  horizontal  and  towards  the  centre  of  the  furnace  in  a 
greater  or  lesa  degree,  according  to  circumstances.  The  open  space  of 
the  twyer-holes  surrounding  them  is  stopped  with  tempered  shale  or 
sand.   Other  kinds  of  twyer  will  be  subsequently  described. 


i 

Kig.  36.      BUul- furnace,  Comgreaves,  Staffordshire.    I1an  of  the  gallery  at  the  top  shown  on  the  It-It, 
and  jiecttuo  of  furnace-lining  at  level  of  bottom  of  wall-plate  shown  on  the  right  of  the  vertical' 

Tunnel-head. — Each  filling-hole  is  protected  by  iron  castings  forming 
a  hopper,  of  which  the  bottom  plate  projects  and  slopes  downwards 
into  the  furnace.  The  brick  shaft  forming  the  tunnel-head  is  hooped 
with  iron.  Extending  round  the  mouth  of  the  fumaco  is  a  gallery,  the 
floor  of  which  consists  of  plates  of  cast-iron  united  by  flanges  under- 
neath, figs.  29  r,  r,  3G.  This  gallery  communicates  by  a  bridge  with 
a  vertical  lift  by  which  the  materials  for  charging  the  furnace  are 
raised :  see  figs.  31  and  33. 

Bracing. — This  furnace  is  braced  with  hoops  of  iron,  which  rest  on 
the  projecting  ends  of  bricks  left  purposely  at  intervals.  There  is, 
probably,  no  better  method  of  bracing  than  this,  whether  in  reference 
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to  "trcngth  or  economy.  An  entire  external  casing  of  boiler-plate  has 
been  employed  in  several  localities,  as  will  be  seen  hereafter.  But  it 
is  very  costly,  as  compared  with  hooping,  and  some  practical  smelters, 
who  have  tried  both  systems,  have  decided  in  favour  of  hoops.  Such 
a  casing  is  objectionable,  not  only  because  it  can  with  difficulty  be 
repaired  in  tho  event  of  its  bursting  from  the  expansion  of  the  furnace, 
but  also  because  it  renders  it  difficult  to  effect  any  repairs  which  may 
Income  necessary  in  the  internal  brickwork.    If  hoops  are  employed, 

it  is  well  to  suspend  chains  vertically 

y      ■     —   J      from  the  top  to  the  bottom  of  the 

Viii  furnace  in  order  to  prevent  any 

FltH.  Mod*  of  fining  the  Hoop.  h°°P>   Which  J"*  HUddenly  break, 

as  sometimes  happens,  from  spring- 
ing off  and  then  falling  on  persons  underneath.  Fatal  accidents  have 
been  occasioned  in  this  manner.    See  figs.  31  and  33. 

lilast-main.^ Tho  blast-main  of  this  furnace  consists  of  cast-iron 
pipes  united  by  socket  joints.  It  passes  round  tho  furnace  within  the 
pillars,  above  tho  twyer  openings,  and  is  supported  on  brackets, 
tigs.  31,  33.  It  conveys  the  hot-blast  to  the  blast-pipes,  one  of  which 
passes  to  each  twyer.  Tho  object  of  this  arrangement,  whereby  the 
blast  is  conducted  downwards  to  tho  twyors,  is  to  render  the  pipes 
everywhere  accessible,  and  to  prevent  tho  return  of  cinder  into  the 
main  from  tho  twyers  when  the  pressure  of  tho  blast  is  suddenly 
removed. 

/Ilajst-pijk'.s. --These  are  tapering  retort  or  goose-necked  pipes,  partly 
of  cast  and  partly  of  wrought-iron,  by  which  the  blast  is  conveyed  to 
tho  twyers.  When  cold-blast  is  employed,  the  blast-pipes  may  be 
connected  with  the  blast-main  by  leather  pipes,  and  are  generally  in- 
serted loosely  in  tho  twyers.  With  hot-blast,  on  tho  contrary,  the 
joints  and  apparatus  for  adjustment  and  regulation  are  wholly  of  iron. 
At  the  elbow  is  a  small  opening  in  the  prolongation  of  the  axis 
of  the  twyer  closed  by  a  moveable  valve  or  plug  of  cast-iron,  fig.  38. 
Hy  removing  tho  latter  a  current  of  blast  escapes  and  may  be  directed 
on  a  piece  of  lead,  for  example,  in  order  approximately  to  ascertain 
its  temperature;  and,  moreover,  to  inspect  the  interior  of  the  twyer, 
or  remove  any  obstruction  from  its  nose  by  means  of  a  pricker-bar. 
See  also  fig.  40. 

Social  Observations. — This  furnace  is  composed  partly  of  fire-brick  and 
partly  of  common-brick  ;  but  Mr.  Kenyon  Hlackwoll  recommends  that 
fire-brick  should  bo  exclusively  used.  In  the  outer  casing  of  brick- 
work small  radial  spaces  are  left  at  intervals  to  allow  for  expansion ; 
but  there  are  no  such  spaces  in  the  inner  fire-brick  lining.  Formerly, 
an  annular  space  was  always  left  between  the  lining  and  the  shell, 
which  was  afterwards  filled  with  sand,  or  some  other  refractory  and 
badly  conducting  material ;  and  this  practice  is  still  occasionally  con- 
tinued. The  old  furnaces  were  usually  pyramidal  in  form  and  very 
much  more  massive  than  the  modern,  of  which  some  have  been 
reduced  to  tho  extreme  of  attenuation,  resembling  columns  rather  than 
pyramids. 
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Fig.  33.  Cinder  tab,  Corngreave*,  SUHord*biro. 
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Mr.  Kenyon  Blackwcll  has  furnished  the  following  details  of  the 
cost  of  construction  of  two  of  these  furnaces,  inclusive  of  all  necessary 
appliances : — 

Furnaces,  £1000  each   £2000 

Hot-air  ovens,  containing  00  pipes  to  each  blabt-fire,\  lnn^ 

in  2  sets  of  30  pipes,  £500   /  IWU 

Steam  lift 

24  in.  high  pressure  engines,  3  ft.  stroke  ;  drum,  pulleys,  '  1000 
wire  ropes,  carriages,  brick  house,  and  bridge  

Blast,  steam,  and  water  pipes    500 

Railroads,  pig  beds,  loose  stock   1500 

£6000 

Blast-engines, — There  are  two  engines  not  coupled  at  each  extremity 
of  blast-mains  (which  are  of  wrought-iron,  5  ft.  in  diameter,  acting  as 
regulators),  with  52-inch  steam,  and  100-inch  blowing  cylinders,  8  ft. 
6  in.  stroke,  each  with  heavy  fly-wheels.  The  steam,  20  lbs.  per  inch, 
is  used  expansively  and  condensed.  The  two  engines  will  blow  five 
or  six  furnaces.  There  are  six  at  the  Works,  at  from  3}  to  4  lb.  inch 
pressure. 

Cinder-tuhs.— Formerly  the  cinder  was  allowed  to  flow  into  a  cavity 
in  front  of  the  cinder-fall,  from  which  it  was  taken  out  at  intervals 
(see  description,  p.  361).  The  convenient  arrangement  of  cinder-tubs 
is  now  generally  adopted.  One  of  these  tubs  is  fully  represented  in 
fig.  38.  It  consists  of  a  truck  of  iron,  around  which  four  sides  of  iron 
aro  adjusted  at  the  cinder-fall,  so  as  to  form  a  complete  waggon. 
Those  sides,  which  consist  of  perforated  iron  plates,  can  be  easily  let 
down  or  put  up,  in  the  manner  shown  in  the  engraving  above  referred 
to.  When  the  waggon  is  filled,  the  cinder  will  have  become  solid, 
and  the  sides  may  then  bo  detached.  The  block  of  cinder  thus  left 
exposed  on  the  truck  is  conveyed  to  the  cinder  tip  or  mound,  where  it 
is  thrown  away.  Occasionally  the  horse  used  to  draw  the  truck  lias 
been  severely  burnt  from  the  bursting  out  of  cinder  not  solidified  in 
the  interior  of  the  mass ;  and  care  should  be  taken  to  avoid  such  acci- 
dents. It  is  now  possible  to  keep  the  front  part  of  the  furnace  clear 
and  in  good  order,  which  could  not  be  done  under  the  old  system.  I 
was  remarkably  struck  with  the  beautiful  older  of  the  furnaces  at 
Cyfartha,  where  the  cinder  is  removed  in  tubs.  I  tried  in  vain  for 
some  time  to  procure,  near  the  furnaces,  a  small  specimen  of  cinder 
to  carry  off  as  an  illustration. 
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Blast-furnacb,  Russell's  Hall,  near  Dudley,  South  Staffordshire. 

This  furnace  differs  considerably  both  in  form  and  construction 
from  that  at  Corngreaves.  It  was  designed  and  erected  by  my  friend, 
Mr.  S.  H.  Blackwell,  after  the  model  first  adopted  at  Dundyvan,  in 
Scotland.  The  wooacuts  have  been  executed  from  beautiful  drawings 
prepared  expressly  by  my  friend,  Mr.  George  Shaw,  of  Birmingham. 
After  the  detailed  description  which  has  been  given  of  tho  component 
pails  of  a  blast-furnace,  it  will  suffice  to  point  out  the  distinctive  cha- 
racters of  the  furnace  now  under  consideration. 

When  blast-furnaces  aro  built  slightly  of  brick  only,  and  hooped  or 
cased  with  iron,  they  are  usually  designated  cupola  furnaces,  to  dis- 
tinguish them  from  massive  furnaces  like  those  of  Corngreaves. 

The  shaft  is  nearly  cylindrical  from  the  mouth  to  the  commence- 
ment of  the  boshes,  indicated- by  tho  transverse  lino  below  the  dotted 
line  A  B,  fig.  40.  From  this  line  it  gradually  contracts  to  the  bottom 
of  the  boshes,  when  it  becomes  cylindrical  at  the  upper  part  of  tho 
hearth ;  it  then  again  contracts  for  a  very  short  distance,  after  which 
the  diameter  remains  the  same  to  tho  bottom  of  tho  hearth.  The 
exterior  of  the  furnace  is  cylindrical  from  the  mouth  downwards.  The 
hearth-bottom  is  formed  of  largo  blocks  of  sandstone.  There  aro 
five  twyers  :  see  fig.  42.  The  superstructure  of  the  furnace  is  supported 
on  cast-iron  standards,  and  entirely  cased  with  boiler-plate  up  to  tho 
mouth :  see  figs.  39,  40 ;  enlarged  representations  of  tho  standards 
are  given  in  fig.  46.  They  rest  on  a  cast-iron  ring,  111  ft.  6  in.  in 
internal  diameter,  1  ft.  6  in.  wide,  and  4  in.  thick.  The  lining  and 
«hell  are  separated  by  an  annular  space  filled  with  sand.  There  aro 
five  filling-holes.  In  fig.  40  tho  cast-iron  plates  projecting  from  thoso 
holes  downwards  into  tho  furnace  aro  shown  supported  on  bosses  of 
brickwork.  There  were,  however,  in  reality  no  such  bosses  ;  but  they 
have  been  introduced  by  the  advice  of  Mr.  Blackwell.  who  recommonds 
their  adoption  in  order  to  prevent  as  much  as  possiole  tho  warping  of 
the  plates. 

The  construction  of  the  fore-part  will  bo  intelligible  from  figs.  30, 
45.  In  fig.  30  it  is  shown  without  the  dam.  There  is  a  second 
arch  above  the  tymp-arch.  The  crane  is  employed  for  raising  tho 
large  cake  of  slag  which  accumulates  in  what  is  termed  the  rough- 
ing-hole.  In  fig.  45  the  dam  is  shown  with  the  wator-tymp  in  situ. 
The  space  between  the  upper  surface  of  the  tymp  and  the  tymp-arch 
is  bricked  up.  The  tapping-holo  is  in  tho  dam-plate.  There  are 
at  intervals  round  the  furnace  vertical  cast-iron  bars,  figs.  39,  40,  45, 
which  are  notched,  as  shown,  in  order  to  furnish  support  for  crowbars 
to  be  used  as  levers. 
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Kig.  40.   Blast-furnace.  Roue U't  Hall,  near  Dudley.  Staffordshire    Vertical  (doable)  section.   The  tide 
a  U  through  the  line  a '.  fig.  42.  and  tne  side  6  through  the  line  6*.  tig.  42. 
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H*.  45.       nu»t-furnncr,  lCnM*ir»  Hall,  war  Dudley.  StulTutdahire.    Ilorlionlul  *ectl<.n  at  Hie  twyer*. 
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Fig.  40    Blast-furnace,  RoasrU'a  Hall,  near  Dudley,  Staffordshire.    Enlarged  elevation  of  the  Tore  part,  showing 

the  wnUT-tymp  in  $itu,  and  tlie  dam  with  the  tapping-hole. 
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Figs.  47,  48,  49.-Wate«.ttmp. 


"ft 


Fig.  «T. 


Fmnt  elevation. 


Fig.  48 - 


Fig.  46. 


Fig.  *». 
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Vertical  transverse  section. 
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Hbut-rumacc,  Kutwcll  s  Hall,  near  Dudley,  Staffordshire. 


Blast-furnace,  Ebbw  Vale,  Monmouthshirf..— No.  1  furnace. 

I  am  indebted  to  the  Ebbw  Vale  Iron  Company  for  the  drawings 
from  which  the  accompanying  engravings  have  been  executed.  The 
construction  of  this  furnace  will  bo  perfectly  intelligible  from  the 
engravings  with  the  addition  only  of  a  few  words  of  explanation. 
There  are  four  massive  pillars  at  the  bottom,  which  rest  on  an 
iron  ring,  fig.  51,  a  a.  There  are  three  twyor-holes,  figs.  51,  c,  c,  c, 
and  the  sides  of  the  hearth  under  these  are  supported  by  hollow  rec- 
tangular castings  of  iron,  called  water-boxes,  through  which  cold 
water  circuit es,  figs.  51,  6,  6.  The  upper  part  of  the  boshes  is  here 
clearly  indicated  by  an  angle,  fig.  51,  d  d.  The  mouth  of  the  furnace  is 
fitted  with  what  is  termed  the  cup  and  cone.  There  is  a  circular 
opening  near  the  top,  fig.  51,  g,  for  taking  oft'  the  gases,  and  various 
pipes  are  shown  for  conveying  them  to  the  hot-blast  stoves,  fig.  52, 
/*  h,— /,  /,  etc. ;  but  all  these  arrangements  will  bo  fully  considered  in 
the  sequel. 
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Fig.  io.   Bloat  furnace.  Kbbw  Vale,  Monmouthshire.    Front  elevation,  with  hot-bla#t  ntuvpa,  Jk,  V,  A  - 


Fig  SI.  Blaat-famace.  Kbbw  Vale.  MonmouUwhire.  Vertical  soctlon  of  the  furnace  through  tbc  centre 
on  the  line  A  B,  ftg.  52.  Vertical  Motion  of  the  stuve  k  on  Hie  line  C  P,  fig.  52.  and  of  lb* 
store  k*  on  tbe  line  K  F,  fig.  52.    The  move  fc»  la  omitted. 
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Fig.  52.  Bta*t-furnace,  Kbbw  Vale,  AIuiinioulh>liirv.  11*11. 

Cast  of  erection, — Every  item  will  be  found  in  (bo  following  statement : 


CA8TIXG8: — 


Ton*.  cwU.  qra.  lbs. 


8  Top  ring!   ft  lti 

8  llottom  rings    0  <» 

8  Standards   12  S 


0 
0 
0 


0 
0 
0 


Tons.  cwts.  qrs.  lbs. 


t.  u  d. 


3  Water-blocks  undcf  twyore 

3  Lintels   

8  Lintel-plates  over  twycrs  ., 


24 

3 


4 

1G 


0  0 
2  0 


0 

13 

2 

0 

1 

4 

0 

0 

0 

10 

0 

0 

0 

13 

2 

0 

0 

2 

0 

0 

2 

C 

0 

0 

0 

1G 

1 

0 

1  Ring  on  Furnace-top  under  cup 

1  Cup   

1  (Jono   


2  Standard*, 


2  Balance-weights 

1  Pinion   

1  Brake-wheel  


2 

5 

0 

0 

0 

15 

0 

0 

0 

9 

0 

0 

0 

14 

0 

0 

0 

17 

0 

0 

1 

4 

0 

0 

0 

0 

1 

20 

0 

2 

0 

20 

12  Brackets  under  stage  on  top 
12  Plates  for          do.  do. 
4  Do.  bridge   


1    17    2  0 


1     5    2  0 


3 
1 


2  1 
15  0 


0 
0 


3     0    0  0 


0    0  0 


At  8/.  per  ton 


1 

6 

2 

10 

0 

15 

] 

6 

2 

14 

0 

0 

3 

4 

0 

0 

43 

0 

2 

16 

392   5  0 


:  It*  use  i*  toaet  as  a  fulcrum  at  each  notch  while  removing  the  cinder  by  a  bar  of  iron  : 
hut  this  plate  has  become  unnecessary  since  the  introduction  of  ciuder-tubs.  Sec  fig,  104 . 
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Castings  brought  forward 

Wroight-ibon  Work  :— 
Casing  of  furnace 


Plates  round  top  of  stage  .... 

-  Railing  

4  Girders  under  bridge  

9G  Hoops  round  furnace-bottom. 
198  Bolts  for  hoops,  420  lb*  


At  11/.  10*  per  ton 

Labour  on  easing  15  tons  10  cwk  at  95«  

Do.  stage   

Do.       cup  and  cone  arrangement  

Do.       hoops,  etc.,  bottom  of  furnace  

Do.       building  cupolu  and  raising  and  dressing  I 

fire  stone  hearth  I 

Bbicks  =  98,227  -  9  in.  x  4£  in.  x  3  In.  averag 

7*11*.    At  21.  per  1000  

Clay.    At5*.  por  ton  


$.  d. 


:m  5  o 


244 

4  7 

73 

12  6 

10 

0  0 

3 

0  0 

12 

0  0 

92 

0  0 

190 

8  0 

24 

10  0 

104S 

0  1 

Blast-Furnace,  Clarence  Iron-Works,  Middlesboro'-on-Tkes. — Fig.  5:>. 

For  tho  drawing  from  which  the  engraving  was  executed,  I  am  in- 
debted to  the  proprietor,  Mr.  Isaac  Lowthian  Bell, of  Nowcastlo-on-Tyne. 
The  bottom  and  sides  of  tho  hearth  as  high  as  tho  twyers  are  made 
of  "  fire-stone."  The  stones  forming  the  bottom  arc  about  2  ft.  thick  ; 
they  are  placed  edgewise,  and  so  dovetailed  as  to  be  kept  down  by  the 
superincumbent  weight  of  the  furnace.  Thero  are  three  twyer-holcs. 
The  annular  spaces  shown  external  to  the  lining  are  not  tilled.  The 
casing  is  of  brick  as  well  as  the  lining.  The  furnace  is  braced  with 
iron  hoops,  and  the  tunnel-head  with  boiler  plate.  Three  twyers  are  em- 
ployed, the  narrow  openings  of  which  are  from     in.  to  4  in.  in  diameter. 

Description  of  Swedish  Blast-Turn  ace.— Fig.  "»4. 

In  illustration  of  a  blast-furnace  in  which  charcoal  is  exclusively 
used  as  fuel,  1  have  selected  a  furnace  erected  at  Sten,  near  Finspong, 
in  Sweden,  in  1857.  It  was  designod  by  my  friend  Mr.  Andreas 
Grill  for  Mr.  Carl  Ekman,  and  has  served  as  the  model  for  other  iron- 
smelting  furnaces  subsequently  built  in  Sweden.  I  am  indebted  to 
Mr.  Grill  for  the  drawings  from  which  tho  accompanying  engravings 
have  been  executed. 

A.  Mine-kiln  for  calcining  the  ore,  heated  by  tho  waste-gases  from 
the  blast-furnace. 

B.  Ore-house  with  compartments  for  storing  the  five  different  kinds 
of  roasted  ore,  employed  at  these  works.  At  some  works  the  varieties 
of  ore  are  more  numerous. 

C.  Mill  for  crushing  calcined  ore. 
.  D.  Blast-furnaco. 

2  B 
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Mine-kin  (A.). — a,  a,  a,  a,  openings  for  drawing  out  calcined  ore. 
They  are  provided  with  tight-fitting  cast-iron  doors,  with  registers  for 
reflating  the  admission  of  air.    The  floor  of  the  kiln  is  a  low  four- 
sided  pyramid,  the  sides  of  which  correspond  with  the  four  doors 
respectively.    A  little  above  the  apex  of  this  pyramid  is  a  horizontal 
ring  of  cast  iron,  formed  of  four  equal  segments.    This  ring  supports 
the  lining  of  the  upper  part  of  the  kiln.    The  floor  and  sides  of  the 
kiln  below  this  ring  are  covered  with  cast-iron  plates  about  1  in.  in 
thickness.    Both  the  exterior  and  interior  of  the  kiln  are  circular  in 
section.   The  interior  is  formed  of  two  truncated  cones  of  equal  height, 
the  uppermost  being  nearly  cylindrical.    The  lower  one  is  made 
much  more  conical,  in  order  to  allow  the  ore,  after  it  has  become 
agglomerated  into  masses  in  the  hottest  part  of  the  kiln,  near  the 
openings  c,  c,  c,  more  easily  to  break  up  in  its  descent  towards  the 
bottom.    The  interior  of  the  kiln,  resting  upon  the  ring  of  iron  pre- 
viously described,  is  of  fire-brick,  while  the  shell  or  outer  casing  is  of 
common  brick,  or  any  other  convenient  material  which  may  be  at 
hand.   The  gas  is  conveyed  from  the  blast-furnace  through  a  cast-iron 
pipe,  e,  to  the  flue,  fc,  />,  which  extends  round  the  kiln.    From  this  fluo 
the  gas  passes  into  the  interior  through  12  equal  and  similar  rectan- 
gular openings  at  the  same  level,  c,  c,  c  ;  those  openings  communicate 
also  with  the  exterior,  where  they  are  closed  by  tight-fitting  cast-iron 
doors.   The  admission  of  the  gas  is  regulated  by  bricks  which  slide 
over  the  mouths  of  the  short  connecting  passages  between  the  flue  b, 
and  the  openings  c,  c,  c,  etc.    Immediately  above  these  latter  is  another 
row  of  rectangular  openings  communicating  with  the  exterior,  through 
which  iron  bars  may  bo  introduced  for  the  purpose  of  detaching  any 
ore  adherent  to  the  lining,  and  the  condition  of  the  interior  as  to  tem- 
perature, etc.,  may  be  observed.   The  kiln  is  contained  within  a  wooden 
building,  u  u  w,  etc.,  in  order  to  shelter  tho  workmen  in  severe 
weather,  and  to  protect  the  kiln  itself  from  tho  influence  of  wind, 
which  materially  affects  its  working.    There  are  three  stages  round 
the  kiln,  one  at  the  top  for  charging,  another  at  the  bottom  for  drawing 
out  the  ore,  and  a  third  intermediate  for  facilitating  operations  con- 
nected with  the  gas,  etc. ;  they  are  all  clearly  indicated  in  the  engrav- 
ing.  -The  kiln  is  braced  with  strong  iron  hoops. 

Ore-house  (B.). — In  fig.  2  it  is  shown  in  plan  in  its  whole  length ; 
but  in  fig.  1  it  is  shown  in  vertical  section  much  shortened.  It  consists 
of  live  equal  rectangular  compartments  of  brick  or  other  suitable 
material ;  they  are  entirely  open  on  one  side,  contiguous  to  the  railway, 
/  /;  they  are  under  a  wooden  roof,  the  top  of  which  supports  the  gas- 
pipe,  e.  The  ore  is  conveyed  from  the  kiln  to  the  ore-house  in  wheel- 
barrows. 

Crusiiing^mill  (C). — The  calcined  ore  is  crushed  between  grooved 
cast-iron  rolls,  i,  i,  to  sizes  varying  from  $  to  1  cubic  inch.  Motion  is 
communicated  by  an  over-shot  wator-wheel,  g  g,  the  wooden  shaft  of 
which  is  prolonged,  and  forms  the  axis  of  one  of  the  rolls,  the  other 
roll  revolving  by  friction  of  the  ore.  The  water-tank  for  supplying 
the  wheel  is  shown  at  h.    The  crushed  ore  is  raised  to  the  tunnel- 

2  n  2 

Digitized  by  Google 


372 


SWEDISH  BLAST-FUUNACE. 


head  up  a  steep  incline  in  a  wooden  box,  containing  about  2  or  3  cubic 
feet  of  ore.  The  incline  consists  of  two  parallel  wooden  balks,  each  of 
which  in  section  is  a  rectangle  of  about  14  in.  x  8  in.  The  box  is 
hoisted  by  an  iron  chain  by  means  of  the  drum,  k. 

Blast-furnace  (D.).— The  furnace  is  similar  in  all  essential  respects 
to  the  English  furnaces,  of  which  a  detailed  description  has  been  given. 
It  consists  of  an  inner  lining  of  fire-brick,  and  an  outer  shell  of  non- 
refractory  material.    In  the  shell  are  two  concentric  annular  spaces 
filled  with  sand.    In  the  engravings,  the  refractory  part  is  distinguished 
from  the  non-refractory  by  lighter  sectional  shading.    The  lower  part 
of  the  boshes  and  the  hearth,  indicated  by  dotted  shading,  is  formed  of 
a  mixture  of  6  parts  by  measure  of  crushed  quartz,  and  1  of  raw  fire- 
clay, suitably  tempered  with  water.    It  is  firmly  stamped  down  by 
iron  bars  round  a  wooden  block,  consisting  of  several  pieces  fitting  one 
over  the  other.    The  block  is  afterwards  removed,  when  the  furnace 
is  very  gradually  and  cautiously  dried  by  means  of  a  temporary  fire- 
place at  the  tymp,  wood  being  used  as  the  fuel.    The  bottom  of  the 
hearth  rests  on  a  cast-iron  plate  about  H  in.  in  thickness.    This  plato 
is  supported  on  vertical  walls  with  spaces  between  them  for  the  pur- 
pose of  drainage.   There  are  three  twyer-holes,  and  three  water-twyers 
on  the  Staffordshire  principle.    The  blast  pipes,  q,  are  of  cast-iron 
turned  externally  in  a  lathe.   The  twyers  are  about  2*  in.  in  diameter, 
and  the  blast-pipes  about  f  in.  less  at  the  nozzle.  The  tymp,  r,  consists 
of  a  rectangular  piece  of  cast-iron,  about  H  in.  in  thickness,  contact 
with  the  external  air  keeping  it  sufficiently  cool.    Tho  dam,  r\  is 
inclined,  and  covered  with  a  plate  of  cast-iron.    The  tapping-hole 
consists  of  a  vertical  slit,  about  3  in.  wide,  extending  from  the  top  of 
the  dam,  whero  it  is  open,  to  the  bottom.    It  is  closed  with  sand.  At 
the  lower  part  of  the  furnace  there  are  four  largo  openings,  of  which 
three,  t,  t%  t,  correspond  to  the  twyer-holes,  the  fourth,  s,  being  larger, 
and  constituting  the  fore  part.    The  hot-blast  stove,  f,  is  formed  of 
four  horizontal  rows  of  cast-iron  pipes,  one  above  another;  it  is 
heated  by  tho  waste  gases  conveyed  from  the  opening,  m,  in  the  upper 
part  of  tho  bla^t-furnace.    The  air-pipes  are  so  arranged  that,  when 
necessary,  the  blast  may  enter  the  furnace  without  passing  through 
tho  hot-blast  stove.     Nearly  opposite  m  is  another  similar  opening, 
from  which  the  gases  are  conveyed  to  the  mine-kiln  through  a  cast- 
iron  pipe,  n.    The  mouth  of  tho  furnace  is  always  left  open.  Through 
openings  in  the  elbows  of  the  gas-pipe,  shown  on  each  side  of  t, 
fig.  2,  tho  dust,  which  accumulates  within,  may  be  conveniently 
removed.    The  blowing-engine  consists  of  three  single-acting  cylin- 
ders, each  about  45  in.  in  diameter,  and  with  about  a  4">  in.  stroke. 
The  regulator  is  of  sheet-iron,  and  is  fixed  over  tho  blowing  engine. 
W  ater-power  is  alone  used.    The  air-pipe  from  the  blowing-engine  is 
shown  at  o.    The  exit  pipe  from  the  hot-blast  stove  is  of  cast-iron,  and 
is  shown  at  />  p.    Around  the  mouth  of  the  furnace  is  a  solid  floor  of 
wood,  round  which  are  compartments  to  receive  the  various  kinds  of 
ore  and  limestone.    The  upper  part  of  the  furnace  is  contained  within 
a  wooden  building,  u  u  u,  of  which  the  top  of  the  roof  is  moveable, 
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and  which  is  always  off  when  the  furnace  is  working.  Without  this 
arrangement  the  furnace  would  suffer  from  snow  and  rain  when  it  is 
idle,  a  period  which  usually  extends  over  some  months  in  the  year.  The 
charges  are  accurately  weighed  on  a  steel-yard,  attached  to  a  crane,  by 
means  of  which  it  can  be  swung  from  one  part  of  the  mouth  to  the 
other.  The  cast-house,  facing  the  fore  part,  is  a  building  of  wood. 
Staircases  leading  to  the  different  parts  of  the  works  are  drawn  at 
if,  w,  v,  etc. 

J'rexmre  of  the  blast. — In  blast-furnaces  in  which  charcoal  is  employed 
as  fuel,  the  pressure  of  the  blast  is  always  much  less  than  in  furnaces 
worked  with  coal  or  coke.  The  pressure  varies  according  to  the 
quality  of  the  charcoal,  and  the  extremes  are  £  and  1 J  lb.  per  square 
inch.  With  hard  compact  charcoal,  such  as  is  produced  from  Spruce 
Fir  {Abie*  tjccelsa)^  Beech,  etc.,  the  greatest  pressure  is  needed,  and  the 
least  with  light  charcoal,  such  as  that  produced  from  Silver  Fir  (Abies 
pectinate),  Larch  (Larix  Eurojxva),  etc.  In  every  case  in  which  magnetic 
oxides  are  smelted,  the  rule  in  Sweden  is  so  to  regulate  the  blast,  that 
the  contents  of  the  furnace  may  not  be  wholly  renewed  at  intervals  of 
12  hours,  as  it  has  been  found  by  long  experience  that  this  is  the  shortest 
period  in  which  these  ores  are  completely  reduced.  With  other  ores, 
such  as  lake  ores,  complete  reduction  is  effected  in  about  8  hours,  but 
still  the  same  rule  is  strictly  followed. 

Temperature  of  the  blast.— \t  is  generally  about  200° C.  (302° F.).  But 
when  grey  foundry  is  required,  the  blast  is  heated  to  about  300CC. 
(572° F.).  On  the  other  hand,  when  cast-iron  is  mado  suitable  for 
conversion  into  bar-iron,  it  is  only  raised  to  about  100°C.  (212°F.),  and 
hot-blast  is  never  used  for  making  guns  or  the  best  Dannemora  iron. 

General  remarks  on  the  smelting  of  iron  in  Sweden. — There  are  three  kinds 
of  iron-ores  employed  in  Sweden,  magnetic  oxide,  red  oxide,  and  brown 
iron-ore.  The  magnetic  oxide  is  the  most  widely  diffused  and  most 
largely  consumed.  It  occurs  in  veins  in  crystallino  and  metamorphic 
rocks,  such  as  quartzite  (helleflinta),  granite,  gneiss,  mica-schist,  etc., 
and  may  be  associated  with  quartz,  garnet,  epidote,  hornblende,  augite, 
•  carbonate  of  lime,  etc.,  and  with  from  6%  *°  1^%  °f  protoxide  of 
manganese,  or  moro.  Some  varieties  require  no  flux,  yielding  a 
fusible  slag  ]#r  se,  when  the  different  ores  aro  mixed  in  duo  pro- 
portions. Such  are  the  Dannemora  and  I'ersberg  ores ;  but,  in  most 
varieties,  there  is  an  excess  of  silica  in  the  matrix,  and  the  addition  of 
lime  as  a  flux  is  necessary.  The  quality  of  these  ores  is  much  influ- 
enced by  the  nature  of  the  matrix.  The  best  do  not  contain  an  appre- 
ciable amount  of  phosphorus ;  and  it  is  the  absence  of  this  injurious 
element  which  especially  determines  their  value.  Iron  pyrites  is 
occasionally  present,  and  is  found  in  sensible  proportion  even  in  somo 
ores  of  highest  repute,  e.g.,  the  Dannemora;  but,  as  the  sulphur 
is  always  expelled  by  careful  calcination,  it  produces  no  injurious 
effect. 

The  red  oxide  is  in  the  state  of  hard  compact  specular  iron-ore,  and 
occurs  in  veins  in  quartzose  and  granitic  rocks,  but  never  in  limestone 
The  matrix  is  generally  highly  siliceous  from  the  presence  of  free 
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nilica.  This  kind  of  ore  is  scarcely  less  abundant  than  the  magnetic 
oxide,  and  yields  equally  good  iron.  Both  kinds  are  often  smelted 
together.  It  is  only  from  these  ores  that  malleable  iron  is  made  in 
Sweden  for  exportation. 

The  most  important  iron  mines  in  Sweden  may,  with  reference  to 
the  quality  of  the  ores,  be  classified  as  follows  : — 

••'  Dunnemora   Uiwula  County. 

■  !  Persberg   VSr  ennlund  do' 

Bbpberg   Dalecarlk  do. 

Nora    Orebro  do. 

Norbt-rg    Westmunniu  do. 

Taberg    Jonkopings  do. 


The  brown  iron-ore  or  hydrated  sesquioxide  is  obtained  from  lakes 
and  bogs,  and  is  only  used  to  produce  cast-iron  for  foundry  purposes, 
when  groat  strength  is  not  an  object ;  the  strongest  cast-iron  for  heavy 
castings  being  always  derived  from  magnetic  oxide.  The  magnetic 
and  red  >xides  are  designated  mountain-ores,  to  distinguish  them  from 
the  lake  and  bog  ores. 

The  mountain  ores,  in  lumps  not  larger  than  the  double-fist,  are 
always  subjected  to  a  most  careful  preliminary  calcination,  and  are 
afterwards  crushed  between  rolls  into  pieces  less  than  an  inch  i*quare. 
Calcination  is  oven  resorted  to  in  the  case  of  magnetic  and  red  oxides 
which  contain  no  appreciable  quantity  of  sulphur,  as  experience  has 
proved  that  otherwise  they  cannot  be  smelted  in  a  satisfactory  manner. 
No  good  explanation  of  this  has  yet  been  presented.  It  has  been 
supposed  that  the  change  might  be  merely  mechanical,  and  might 
depend  on  the  formation  of  minute  fissures  in  tho  ore,  whereby  per- 
meation by  the  reducing  gas  of  the  furnace  would  be  facilitated.  But 
it  may  bo  objected  that  there  are  rich  magnetic  oxides  which  are 
extremely  porous  prior  to  calcination,  and  very  dense  or  even  vitreous 
afterwards ;  and  yet  it  is  alleged  that  such  ores  equally  require  calci- 
nation. Calcination  is  now  everywhere  canied  on  in  Sweden  by 
means  of  tho  waste  gases,  by  which  fuel  is  greatly  economized,  and 
the  process  conducted  in  a  more  efficient  manner.  The  blast  is  also 
generally  heated  by  tho  same  means,  and  in  a  few  instances,  likewise, 
the  boilers  of  steam-blowing  engines. 

The  only  flux  used  for  the  mountain-ores  is  limestone,  and  it  is 
sometimes  added  to  the  extent  of  30%  of  tho  weight  of  tho  ore,  but 
generally  tho  proportion  ranges  from  10%  to  15%.  With  the  lake- 
ores  diorito  or  greenstone  is  used  as  flux,  but  only  from  want  of  lime- 
stono  in  the  districts. 

W  hen  cast-iron  for  foundry  purposes  is  required,  it  is  sought  to 
produce  a  slag  of  the  formula  RO,SiOs ;  but  for  conversion  into  malle- 
able iron,  tho  slags  should  bo  composed  according  to  the  fonnul* 
;3liO,Si03  or  3RO,2SiO",  or  any  intermediate  formulae.  As  an  example 
of  a  good  slag  or  cinder  of  an  intermediate  formula,  may  be  cited  one 
from  Edsken,  which  was  analysed  by  Professor  Ullgren,  of  Stockholm, 
and  found  to  have  the  following  composition 
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375 


14-72 


Oxygen. 

Silica    46*37   24-08 

Alumina    4  30    2- 01 

Lime   38  04    11-04 

Miipinfa   7-40    8*96 

Potash   0  30    0-0.r» 

SoLi   0-14    0-04 

Protoxide  of  iron    0*95    "21 

Protoxide  of  manganese    ISO'    0'12 

Copper   trace. 

Sulphur    0  03 

Phosphorus   trace. 

90*91) 


The  cinder  generally  flows  exceedingly  thin  and  well,  and  contains 
under  1  7  of  iron,  thus  showing  how  completely  the  ore  is  reduced. 

The  average  yield  of  the  ores  is  50  70»  al-d  the  quantity  of  charcoal 
consumed  in  producing  1  ton  of  cast  iron  does  not  usually  exceed  1 
ton ;  it  is  often  as  low  as  0  8  ton,  or  about  200  cubic  feet  (Swedish),  and 
sometimes  less.  From  30  to  50  cubic  feet  are  charged  at  a  time. 
Great  attention  is  paid  to  the  charging  of  the  ore.  From  7  to  10  cwts. 
of  ore  are  introduced  at  a  time  on  the  top  of  the  charcoal,  half  being 
spread  evenly  round  tho  sides  and  the  other  half  in  the  middle.  The 
twyers  should  not  be  too  44  bright,"  and  there  should  be  short  slag 
prolongation,  or  "nose,"  at  the  end  of  them.  With  the  proi>ortions 
above  given,  these  defects  are  usually  avoided.  The  most  siliceous  ore 
should  be  placed  in  the  first  position,  and  the  most  caleiferous  in  the 
last.  The  limestone,  in  pieces  of  the  samo  size  as  the  ore,  is  thrown 
evenly  over  the  latter;  it  is  crushed  in  the  same  mill  as  tho  ore. 
During  working,  the  fore  part  is  stopped  with  sand  in  about  the  same 
degree  as  English  furnaces  in  which  coke  or  coal  is  used. 

Hot-blast  is  used  in  every  blast-furnace,  except  those  of  Dannemora, 
and  in  those  in  which  cast-iron  for  ordnance  is  produced. 

The  furnaces  are  usually  tapped  at  intervals  of  <>  hours,  and  tho 
average  make  per  week  is  from  about  40  to  00  tons  (of  2240  lbs.).  The 
metal  is  run  into  iron  moulds,  and  not  into  sand. 

Mottled  pigs,  half  grey  and  half  white,  are  used  for  conversion  into 
malleable  iron.  In  puddling,  grey-iron  is  employed  without  having 
been  previously  treated  in  the  refinery  or  running-out  fire.  The  tem- 
perature, however,  required  to  puddle  the  best  sorts  of  pig-iron  is  so 
high  that  it  is  difficult  to  procure  materials  sufficiently  refractory  for 
the  sides  of  the  furnace.  All  the  pig-iron  made  at  Dannemora  is  white 
and  largely  crystalline,  owing  to  the  richness  of  the  ores  in  manganese. 

In  Sweden  every  means  is  adopted  to  economize  fuel  and  to  produce 
metal  of  the  best  quality,  irrespective  of  quantity  or  time.  The 
furnaces  are  small  in  comparison  with  English  blast-furnaces,  and 
inexpensive  in  construction.  The  forms  of  the  interior  vary  much  ; 
but  that  of  which  an  engraving  has  been  given  is  considered  to  be 
the  best.  Each  iron  work  has  peculiar  marks  for  its  pig-iron,  as 
well  as  for  its  bar-iron,  and  the  s  imo  mark  is  not  always  used  for  both 
even  at  the  same  work.     Since  the  exportation  of  the  former  has 
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only  recently  been  allowed  by  the  Swedish  Government,  it  is  impor- 
tant that  particular  attention  should  now  be  directed  to  the  milk* 
thereon,  as  the  quality  of  the  metal  from  different  works  varies 
considerably. 

Smelting  of  Lake  and  Hog  Ihox-Okks  in  Swkoex. 

These  ores  are  only  smelted  when  pig  iron  is  required  suitable  for 
castings,  in  which  great  strength  is  not  essential.  For  this  purpose 
the  molten  metal  should  be  very  thin  and  liquid,  so  that  it  may  run 
well  into  the  mould,  and  take  even  the  most  delicate  impressions ; 
and  as  the  pig-iron  derived  from  this  class  of  ores  is  generally  rich  in 
phosphorus,  it  possesses  when  in  a  molten  state  a  great  degree  of 
liquidity.  The  lake-ores  occur  naturally  in  so  finely  divided  a  state 
as  not  to  require  any  mechanical  preparation  ;  but  the  bog- ore  when  in 
lumps  is  broken  with  a  hand  hammer  into  pieces  of  the  same  sizes  as 
the  mountain-ores.  These  ores  are  never  calcined  previously  tu 
smelting.  The  blast- furnaces  in  which  thev  are  treated  onlv  differ 
from  those  employed  in  smelting  mountain-ores  in  having  less  altitude. 
Generally  no  flux  is  needed  ;  but  occasionally,  when  much  silica  is 
present,  from  1  °/  to  J$°/0  of  limestone  is  added,  or,  as  in  some  localities 
limestone  is  very  scarce  and  expensive,  a  variety  of  hornblende,  rich 
in  magnesia  and  lime,  is  used  as  a  substitute.  Such  a  variety,  occurring 
in  Sweden,  has  the  following  composition3: — 


Silica   58' 87 

Alumina   177 

Magnesia    28*19 

Lime    11  00 

Loh  l>y  calcination   O  ls 


100  01 

These  ores,  which  consist  essentially  of  hydratcd  sesquioxide  of  iron, 
are,  for  reasons  previously  advanced,  much  more  easily  reducible  than 
the  mountain-ores ;  and  the  contents  of  the  furnace  may  be  completely 
renewed  in  8  or  10  hours,  instead  of  12,  as  in  the  case  of  the  latter 
description  of  ores.  Considerable  difficulty  is  experienced  in  the 
smelting  of  lake-ores,  owing  to  the  fact  that  a  large  proportion  of 
them  is  in  a  pulverulent  state,  and  the  course  of  the  blast  through  the 
furnace  is  impeded  in  consequence.  This  evil  may,  in  a  certain  degree, 
be  counteracted  by  using  dried  wood  to  the  extent  of  \  of  the  volume 
of  the  charcoal.  It  is  only  in  Snmland,  in  the  south  of  Sweden,  that 
these  ores  are  smelted,  and  the  pig-iron  produced  from  them  is  exelu- 
sively  used  in  the  country.  The  average  yield  of  these  ores  may  be 
estimated  at  about  27  %i iim^  &e  average  weekly  make  at  20  tons  per 
furnace  (ton  of  2240  lbs.),  with  a  consumption  of  from  l£  to  2  tons  of 
charcoal  per  ton  of  pig-iron.  The  blast  is  heated  to  300° C,  in  order 
to  economize  fuel,  but  especially  with  a  view  of  carburizing  the  iron 
sufficiently  for  foundry  purposes  by  remelting.  The  fracture  of  the 
pig  is  usually  dark-grey,  but  never  so  coarse-grained  as  Scotch  pig. 

'  Analysts  h\  RammeUtxr-;.  Htmdb.  <Ur  Mim  mlchemie.    18M).    p,  469. 
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Usually,  in  Sweden,  to  each  blast-furnace  is  attached  a  forge,  and 
both  belong  to  the  same  proprietor.  However,  in  a  few  instances,  the 
blast-furnace  is  owned  by  a  proprietary  of  from  15  to  20  persons; 
and,  as  the  proprietors  are  individually  engaged  in  working  iron 
mines  and  burning  charcoal  on  their  own  account,  so  they  also  smelt 
individually  on  their  own  account.  Thus  the  ore  belonging  to  different 
individuals  is  separately  smelted,  as  far  as  practicable,  in  the  furnace 
in  which  they  have  shares,  each  supplying  his  own  charcoal  ;  just  as 
a  farmer  might  convey  his  wheat  to  a  joint-stock  mill,  of  which  he  is 
part  proprietor,  and  receive  it  back  in  the  state  of  flour.  The  same 
furnace,  at  the  same  instant  of  time,  may  contain  ore  belonging  to 
two  or  even  three  proprietors.  The  pig-iron  is  duly  apportioned  to 
the  owners  of  the  ore  from  which  it  has  been  respectively  derived. 
The  parcels  of  ore  smelted  in  succession  may  vary  considerably,  and  in 
that  case  there  will  necessarily  be  a  corresponding  variation  in  the 
quality  of  the  pig-iron  produced.  It  may  easily  be  conceived  that  such 
a  custom  must  be  highly  disadvantageous  in  an  economical  j>oint  of 
view;  and,  accordingly,  it  is  now  nearly  extinct. 

The  Swedish  iron-master  has  to  contend  with  many  difficulties  which 
are  unknown  to  our  own.  His  only  fuel  is  charcoal,  of  which  a  single 
furnace  rapidly  consumes  a  very  large  amount.  Hence,  it  is  desirable 
not  to  establish  two  furnaces  on  the  same  spot ;  for  in  that  case  the 
surrounding  country  would  be  very  quickly  disforested,  and  it  would 
be  necessary  to  fetch  the  charcoal  from  a  considerable  distance,  at  a 
greatly  increased  cost  of  transport.  In  Sweden,  moreover,  water- 
power  can  alone  be  employed  economically.  The  Swedish  iron-master, 
therefore,  requires  a  peculiar  combination  of  special  conditions  in  the 
locality  of  his  furnace, — there  must  be  the  ore,  the  timber,  and  the 
water.  But  ho  is  further  exposed  to  casualties  arising  from  the 
weather.  In  most  works,  it  is  only  during  winter  that  the  ore  and 
charcoal  can  be  economically  conveyed  in  sledges  over  snow  on  land 
or  ice  on  lakes.  If  frost  fail,  as  was  the  case  last  winter,  the  roads 
become  comparatively  impassable,  and  the  furnaces  cannot  be  duly 
supplied  with  material.  Nevertheless,  the  labouring  population 
dependent  on  the  smelting  and  manufacture  of  iron  must  be  main- 
tained. They  are,  like  the  iron-works,  sparsely  scattered  over  the 
country,  and  they  have  not,  with  us,  the  same  facilities  of  changing 
their  places  of  abode.  The  Swedish  iron-master  engages  his  workmen 
by  the  J'ear  on  the  system  of  piece- work;  but  if  operations  should  be 
suspended  from  one  cause  or  other,  e.  g.  unfavourable  weather,  they 
receive  wages  on  account  of  any  labour  they  may  bo  set  to  perform, 
unconnected  with  the  smelting  and  manufacture  of  iron.  The  Swedish 
iron-master  has  naturally  tho  strongest  interest  in  preventing  the 
dispersion  of  his  skilled  operatives ;  for  otherwise  the  quality  of  his 
iron  might  bo  subject  to  considerable  variation,  and  his  reputation 
suffer  in  consequence.  At  the  present  time,  in  Sweden,  labour  is  paid 
at  about  half  the  rate  of  England.  On  the  other  hand,  living  in 
Sweden  costs  only  about  half  as  much  as  in  England.  Tho  actual 
condition,  therefore,  of  the  labouring  man  in  both  countries,  so  far  as 
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relates  to  his  power  of  obtaining  the  necessaries  of  life,  should  be  about 
the  same.  Mr.  Grill  informs  me  that,  nevertheless,  the  fare  of  Swedish 
labouring  men  is  not  half  so  good  as  that  of  the  same  class  in  England. 

Anthracite  Furnaces  of  the  United  States. 

I  am  indebted  to  my  friend,  Professor  George  Brush,  of  Yale  College, 
Connecticut,  for  photographs  of  drawings  from  which  the  accom- 
panying lithographs  havo  been  executed ;  and  to  Professor  Lesley, 
author  of  tho  valuable  and  well-known  work  on  the  Iron-making  Re- 
sources of  tho  United  States,  for  the  following  description. 

The  Thomas4  Iron  Company's  furnaces  stand  on  the  banks  of  tbe 
Lehigh  river,  a  mountain  stream,  about  as  large  as  the  Thames,  which 
drains  tho  broad  summit  of  the  Cattskill  or  Pocono  Mount,  between 
tho  Valley  of  Wyoming  and  the  Valley  of  the  Delaware,  as  well  as  all 
the  valleys  which  separate  the  eastern  anthracite  coal  basins.  The 
Lehigh  river  flows  through  the  heaviest  anthracite  iron  region  of 
Pennsylvania ;  furnishing  with  fuel,  by  means  of  its  canal  and  its  rail- 
road, first  the  Lehigh  Valley  furnace,  then  the  two  Thomas  Iron  Company 
furnaces,  then  the  fivo  Crano  Company  furnaces,  then  the  four  Allentown 
Iron  Company  furnaces,  with  tho  fine  new  Rolling  Mill  of  Haywood 
and  Company.  At  Allentown  tho  river  strikes  the  foot  of  the  South 
Mountain,  turns  at  a  right  angle  towards  the  north-east,  and  follows 
the  foot  of  the  mountain,  past  Bethlehem  with  its  zinc-works,  the 
three  Glcndon  stacks  [i.e.  furnaces]  and  Rolling  Mill,  and  the  South 
Easton  furnaces,  to  Easton,  opposite  to  which  stand  the  three  Phillips- 
burg  furnaces  ;  while  a  few  miles  farther  down,  on  the  west  bank  of  the 
Delaware,  are  the  Durham  furnaces. 

Most  of  these  works  are  of  tho  largest  class;  thoy  vary*  from  14  ft. 
to  22  ft.  across  the  boshes,  and  are  from  45  ft.  to  CO  ft.  high,  making 
from  8000  to  12,000  tons  of  pig  metal  per  year.  Their  ores  are  brown 
hematite  dug  from  the  outcrops  of  the  Lower  Silurian  limestone,  which 
forms  the  southern  half  of  the  Great  Valley  behind  tho  South  Moun- 
tain ;  but  mixed  with  these  are  magnetic  ores  brought  from  the  pro- 
longation of  the  Sou tli  Mountain  anticlinals  through  New  Jersey. 

It  was  at  Mauch  ('hunk,  in  tho  gorge  of  the  Second  Mountain, 
through  which  the  Lehigh  breaks  out  of  the  Coal  region,  that  the  first 
experiments  were  made  to  smelt  with  anthracite,  a  dozen  )*ears  before 
Mr.  Thomas  came  over  from  Wales  and  blew  in  the  Pioneer  Furnace, 
at  Pottsville,  on  the  Schuylkill,  in  1837.  As  soon  as  success  was 
secured,  and  while  Mr.  Thomas  was  building  the  Crano  stacks  on  the 
Lehigh,  anthracite  furnaces  were  started  on  the  Lower  Schuylkill,  not 
many  miles  above  Philadelphia ;  and  the  two  rivers  have  ever  since 
kept  up  a  rivalry  in  the  manufacture;  tho  Lehigh  bringing  down  the 
hard  pure  coals  of  the  Beaver  Meadow,  Hazleton,  and  Mauch  Chunk 
mountains,  and  the  Schuylkill  furnishing  its  furnaces  with  the  softer 
coals  of  tho  Pottsville  basin.     In  course  of  time  furnaces  were 


4  Mr.  Thomas,  who  established  those 
works,  was  formerly  employed  "t  the 
Yniacedwin  furnm-en  near  Swansea,  where 


nnlhrneite  was  first  used  to  smelt  iron  by 
the  Into  Mr.  Crane. 
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built  along  the  Susquehanna  river  also,  and  supplied  with  the  still 
softer  anthracites  of  the  Shamoken,  the  Bear  Gap,  and  the  Swatara 
fields;  the  western  termini  of  the  same  basins,  which,  in  their  central 
portions,  feed  the  Schuylkill,  and  at  their  eastern  ends  the  Lehigh. 

Bnt  the  grey  magnetic  ores  of  the  South  Mountain  between  the 
Schuylkill  and  the  Susquehanna  rivers  now  came  into  play.  That 
wonderful  deposit  at  Cornwall,  near  Lebanon,  has  been  the  chief  de- 
pendence of  at  least  twenty  stacks ;  furnishing  a  magnetic  mixture  for 
the  Lower  Silurian  brown  haematites  of  Lancaster  county,  and  also  for 
the  Upper  Silurian  red  fossil  ore  of  Danville  and  Bloomsburg  on  the 
northern  side  of  the  anthracite  country. 

In  1854,  the  production  of  anthracite  iron  in  the  region  described 
was  200,000  tons,  besides  another  100,000  produced  in  New  York, 
New  Jersey,  and  Maryland. 

In  1856,  the  production  of  anthracite  iron  in  Pennsylvania  was 
307,000  tons,  besides  87,000  produced  in  the  other  three  States 
named. 

In  1857,  the  financial  crisis  came ;  the  production  of  iron  fell  some- 
what off  through  1858,  but  recovered  itself  in  1850.  The  war  broke 
out  in  I860,  and  has  stimulated  the  manufacture  to  such  an  extent, 
that  the  whole  make  of  iron  in  the  United  States,  which  was  725,000 
tons  in  1854,  and  813,000  tons  in  1856,  is  supposed  this  year  to  l>o 
about  1,000,000  of  tons.  The  depression  of  the  manufacture  just 
previous  to  the  laying  of  tho  new  tariff  and  the  opening  of  the  war, 
had  a  beneficial  effect  in  instituting  close  and  radical  economies,  espe- 
cially touching  the  personnel  of  superintendence  and  the  careful  selection 
of  the  most  skilled  labour.  It  was  high  time  ;  for  these  economies 
alone  could  have  kept  up  the  manufacture  in  the  face  of  the  old  tariff; 
and  their  effects  are  still  more  observablo  now  that  prices  of  labour  in 
the  mills  and  about  the  stacks  have  gone  up  from  50  to  100  per 
centum. 

In  the  Pittsburg  region,  while  the  manufacture  of  steel  has  at  last 
made  a  secure  lodgement,  the  discovery  of  a  good  raw  coal  bed,  near 
the  base  of  the  Coal  Measures,  has  established  the  manufacture  of  raw 
coal  iron  on  the  Alleghany  river,  in  tho  Clarion  County  neigh- 
bourhood, where  between  forty  and  fifty  charcoal  furnaces  used  to 
be  in  blast,  all  which  are  now  out,  for  want  of  fuel.  Tho  raw  coal 
iron  is  made  from  the  same  great  bed  of  brown  haematite  overlying 
the  buhrstone  and  limestone,  which  runs  through  that  part  of  Penn- 
sylvania, through  Eastern  Ohio,  into  Kentucky.  This  iron  is  now 
pronounced  superior  to  tho  charcoal  pig  for  Pittsburg  use. 

In  the  neighbourhood  of  Youngstown,  and  again  noar  Zanesville, 
Ohio,  the  same  ores,  mixed  with  common  clay  iron-stone  and  with 
Lake  Superior  magnetic  oxide,  have  been  smelted  with  raw  coal  from 
the  same  bed,  known  as  Tod's  Bed,  for  several  years  ;  but  the  quality 
of  the  iron  has  not  been  superior. 

There  wcpc  forty-five  charcoal  furnaces  in  Western  Kentucky  and 
Western  Tennessee,  in  what  is  known  as  tho  Eddy vi Ho  and  Clarkes- 
ville  region,  which  made  50,000  tons  per  annum  ;  but  the  manufacture 
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was  killed  by  the  insurrection  among  the  slave  hands,  on  Christmas 
and  New  Year  of  1850  :  and,  reviving  under  the  necessity  which  com- 
pelled the  leaders  of  the  great  Rebellion  to  make  iron  wherever  it 
could  be  made,  it  has  again  succumbed  under  the  reoccupation  of  the 
district  by  the  national  armies  and  the  irregularities  of  a  guerilla 
warfare. 

The  iron-works  of  East  Tennessee  have  suffered  from  the  same  cant*, 
but  those  of  North  Carolina,  and  especially  those  of  the  Dahlonega 
region  in  Northern  Georgia  and  Eastern  Alabama,  have  been  stimu- 
lated to  unwonted  activity.  Northern  Georgia  now  furnishes  tbe 
Rebellion  with  rails,  machinery,  locomotives,  field  and  siege  guns,  and 
small  arms,  as  well  as  articles  of  manufacture  not  requiring  iron. 
Atlanta  is  the  heart  and  lungs  of  the  Rebellion,  as  Richmond  is  its 
brain.  The  workmen  at  Atlanta  have  succeeded  in  doing  what  is 
jtcrhaps  a  unique  feat  in  iron-work;  they  have  machinery  for  cutting 
out  the  ruined  parts  of  a  mil  and  inserting  a  new  piece. 

With  regard  to  the  future  of  the  Southern  iron  manufacture,  there  can 
l>e  no  doubt  of  its  indefinite  and  rapid  increase.  There  is  more  fine  iron- 
ore  in  North  Carolina  than  in  any  other  State  of  the  Union  ;  and  although 
there  is  but  one  small  coal  basin  in  the  State,  the  Deep  River  Basin, 
with  one  small  double  coal  bed  full  of  sulphur  and  parted  by  a  two-foot 
bed  of  iron-ore  full  of  fish-teeth  and  phosphorus,  while  the  Dan  river 
coal  basin  projects  its  point  only  across  the  border  from  Virginia,  yet  a 
plate  of  coal  measures  containing  several  beds  of  coal  covers  the  whole 
plateau  of  tho  Cumberland  Mountains  in  Eastern  Tennessee,  and  rail- 
roads through  the  Black  Mountains  and  the  Smoky  Mountains  will 
bring  the  stock  and  fuel  together.  A  system  of  free  labour  will  do 
tbe  rest. 

In  the  North,  the  indefinite  expansion  of  the  Anthracite  iron  manu- 
facture is  equally  certain,  whatever  may  bo  the  policy  of  the  govern- 
ment or  the  results  of  the  present  civil  war.  The  wonderful  iron-ore 
wealth  of  New  Jersey  has  hardlv  yet  been  explored :  and  another 
anthracite  iron  region  about  Morristown  would  already  have  been  addfd 
to  tho  rest,  had  there  been  any  direct  facilities  for  bringing  the  coal  to 
the  ore.  Now  that  the  Carbondale  or  Wyoming  Coal  basin,  and  the 
Mohanoy  or  Middle  Coal  basin,  have  both  been  opened  up  to  the 
Hudson  river  market,  the  vast  magnetic  ore  beds  of  Lake  Champlain 
will  have  many  more  high  stacks  erected  near  them  than  those  which 
already  stand  upon  the  shore.  Some  of  these  are  noble  works,  mounted 
on  iron  pillars.  But  the  principal  manufacture  must  always  cling  to 
the  Lehigh  and  Schuylkill,  and  Lower  Susquehanna  valleys  in  Penn- 
sylvania, where  the  ore  is  abundant,  the  coal  near  at  hand,  and  the 
flux  on  the  spot ;  where  the  wholo  land  is  a  garden,  and  therefore  food 
cheap  and  labour  plentiful,  and  the  great  sea-ports  not  far  off.  For  all 
these  considerations,  as  well  as  for  beauty,  size,  and  convenience  of 
build,  and  for  its  historic  interest,  tho  Thomas  furnaces,  which  have 
been  selected  as  illustration  of  the  American  manufacture  for  this  work, 
stand  pre-eminent. 
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References  to  Plans  as  lettered  and  Numbered. 

Fig.  1  is  a  vertical  central  section  of  the  furnaces  and  appurtenances, 
showing  on  the  left  side  the  section  of  an  entire  furnace,  the  gas- 
chamber  of  the  furnace  on  the  right  side  connected  with  the  boiler- 
fnrnace,  together  with  the  boiler-furnace,  boilers,  and  smoke  stack  on 
the  right  and  centre ;  the  hot-blast  furnace,  bed-pipes,  si  phon-pipes, 
and  gas-chamber  connected  therewith  on  the  left  side  (except  the 
blow  pipe,  one  twyer,  water-supply  and  waste  pipes  at  the  furnace, 
and  portions  of  the  left  division  of  the  hot-blast,  which  are  represented 
enclosed,  with  openings  showing  their  interior). 

Fig.  2  is  a  horizontal  section,  in  line  of  c,  fig.  1,  showing  sections 
ofthetwyers,  blow-pipes,  water-tanks  at  twyers,  walls,  and  iron  posts 
of  furnace  and  abutments ;  with  dotted  lines  representing  the  blast- 
pipe  and  water-supply  pipe  extending  around  the  outside  of  the 
fnrnace. 

Fig.  3  is  a  horizontal  section  in  lino  of  r>,  fig.  1,  showing  the  hearth, 
iron  posts,  brick  and  mason  work  of  furnace,  and  the  cast-iron  found- 
ation-ring to  which  the  lower  ends  of  these  posts  are  attached,  together 
with  the  water-supply  and  waste  pipes. 

Fig.  4  is  a  horizontal  section  on  lines  a  and  b  of  fig.  1 ,  showing  as 
follows : — 

1st.  On  the  right,  sections  of  the  gas-chamber,  apertures  con- 
necting with  the  furnace  and  flues  from  it  to  the  boiler- 
furnaces  and  hot-blast  ovens ;  also  the  flues  of  the  lower 
section  of  the  hot-blast  oven  (with  the  chimneys  of 
this  oven,  and  hot  and  cold  air  pipes  in  dotted  lines). 

2nd.  In  its  central  part,  the  sections  of  the  upper  range  of  boilers 
and  smoke-stack,  and  the  walls  of  the  boiler-furnace  ;  and, 
in  dotted  lines,  the  grating  for  temporary  firing  to  heat  the 
boilers. 

3rd.  On  the  left,  a  section  of  the  wall  of  the  main  furnaeo  and 
flue  to  the  furnace  of  boilers  (with  dotted  lines  showing 
the  smoke-stack  ;  the  position  of  the  syphon  pipes  as  they 
are  attached  to  the  bed-pipes  of  the  hot-blast,  and  the  flue 
from  the  gas-chamber  to  the  hot  blast  oven  ;  also  the  rect- 
angular flues  running  parallel  to  the  bed-pipes,  and  opening 
into  the  arched  flues  extending  across  tho  hot-blast  oven  ; 
and  the  buck  staffs  on  the  outer  side-walls),  and  also  the 
walls  of  the  hot  blast  oven,  the  arrangement  of  the  bed- 
pipes  and  the  gas-openings  from  the  flues  below  to  tho 
ovens  above  the  bed-pipes,  together  with  the  cold  and  hot 
air  pipes  leading  into  and  out  of  them. 

Note. — The  air-receiver  delineated  in  tho  front  ele- 
vation, and  partly  covering  the  arches,  is  228  feet  long 
and      feet  in  diameter. 
•Similar  letters  represent  corresponding  parts  in  all  tho  figures.  The 
arrow-points  show  the  direction  of  motion  of  the  currents  of  water 
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used  for  cooling  the  twyers,  etc.,  as  also  that  of  the  air  and  gas. 
A,  b,  c,  n  are  horizontal  lines  through  the  sections  of  the  furnaces 
and  their  appliances. 

a  The-  bosh  of  the  furnace,  18  feet  diameter. 

a*  The  hearth  of  ditto. 

b,  h,   etc.    Gas-passages  recessed  in  the  walls  of  the  furnace, 

and  growing  deeper  as  they  approach  the  apertures 
c,  c,  etc.  (the  dotted  lines  in  the  vertical  section  of 
the  main  furnace  showing  the  continuation  of  the 
main  walls  of  the  furnace  to  its  throat  above  these 
apertures). 

c,  c,   etc.    The  gas  apertures  from  tho  main  furnace  to  the  gas- 

chamber.    They  are  arched  at  the  top. 
rf,  c/,  etc.  Gas-chamber. 

/■,/,    etc.    Flues  from  the  gas-chamber  to  the  hot-blast  oven. 

e, e,    etc.  Ditto  ditto  boiler-furnaces. 

<7,  <7,  etc.    Partition-walls  in  the  gas-chamber,  which  arc  placed  • 
so  as  to  connect  three  gas  apertures  with  that  part 
of  it  which  supplies  the  hot-blast  oven. 

A,  A,  etc.    Longitudinal  arched  flues  under  the  bed-pipes. 

i,  i,    etc.    Arched  flues  extending  across  under  the  same. 

A,  k,  etc.  Bed-pipes. 

/,  /,  etc.  Rectangular  flues  extending  parallel  to  the  bed-pipes, 
and  connecting  the  arched  flues  with  the  apertures 
»i,  m,  etc. 

m,  m,  etc.    Apertures  from  the  flues  under  the  bed-pipes  to  the 

oven  above  them, 
n,  n,  etc.    Syphon-pipes  for  heating  the  blast, 
o,  o  Cavity  of  tho  hot-blast  oven. 

py  />,  etc.    Chimneys  of  the  hot-blast  oven. 
</,  7,  etc.    Cold-air  pipes, 
r,  r,    etc.    Hot-air  ditto, 
s,  s,    etc.  Buck-staffs. 
t  Blow-off  pipe, 

v,  m,  etc.  Twyers. 
u,  t\  etc.    Main  blast-pipe. 
w  Blast-pipe  surrounding  the  furnace, 

x,  x,  etc.    Water-supply  pipes, 
y,  y,  etc.    Ditto  waste  ditto, 
z,      etc.  Blow-pipes. 
V1,  63,  etc.    Bottom  of  the  hearth. 

c2,  c2,  etc.  Posts  surrounding  the  wall  outside  the  hearth  of  the 
furnace. 

rf2  Cast-iron  foundation  ring. 

e2  Cast-iron  flanged  ring  at  the  top  of  post*  c*,  t*  and  on 

which  the  lining  of  the  furnace  rests. 
/*,/*,  etc.    Cross  wall  under  the  boilers. 

<f,  <7a,  etc.   Furnace  used  to  heat  the  boilers  when  the  gas  is  not- 
sufficient. 
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A1  Grate -bare. 

P,  P,  etc.    Boilers,  of  which  thero  are  six  in  each  of  the  furnaces 

in  the  upper  tier  aud  four  in  the  lower  tier. 
A2,  k\  etc.    Boiler  furnaces.  <*,  P  Smoke-stacks. 

u\  u\  etc.    Water-tank  at  twyers.         m*    Tunnel -bead, 
o*  Iron  cross-beams  supporting  the  boilers. 

BEKXT  OF  No.  1  FlKNAOE  OF  THE  THOMAI  I  HON  COMPANY  1)1  HINfl  LAST  "BLAST, 

from  Jily  23an,  1859,  to  Feb.  15th,  1803.    rl-G  Weeks.) 

Turn.     cwu.  qra. 

Amount  of  No.  1  iron  made   10,057    ..  .. 

2    27,418    13  3 

•  •  8     , ,    2 , 724 

40,101)    13  3 

.  Ton*,  cwu.  qis. 

Average  amount  per  week   248     7  3 

Ton*,  cwu.  qr*.  Um. 

Amount  of  coal  consumed  per  ton  of  iron                       1    19     3  0 

I  .,       on?                 ,,                                        2     2     0  25 

limestone         ,,                                        1     9     0  25 

Amount  of  cinder  discharged  per  ton  of  iron  1  ton  15  cwts  2  qrs  Gibs. 

bloat  used  per  ton  of  iron    810,352  cub.  ft. 

Average  temperature  of  blast    030 '  Fab. 

pressure  of  air   V|  ll>s.  to  sq.  in. 


• » 


After  the  furnace  was  blown  out,  the  lining  was  found  to  be  worn 
very  regular,  but  almost  entirely  gone,  so  that  the  average  thickness 
would  be  about  4  in.  There  were  two  holes  broken  entirely  through 
the  lining,  through  which  the  gas  escaped,  which  necessitated  the 
blowing  out  of  the  furnace. 


BLOWING  ENGINES  AND  BLAST  APPARATUS.* 

The  arrangements  necessary  for  the  important  object  of  supplying 
artificial  blast  to  smelting  and  other  furnaces  have  long  occupied  the 
attention  of  mechanicians.  These  machines  have  been  made  in  several 
ways,  but  the  only  kinds  generally  used  in  Great  Britain  are  the  fan 
and  the  piston  machines. 

The  fan  is  used  for  foundry  cupolas  and  smiths'  hearths,  where  only 
a  small  pressure  is  necessary,  as  it  is  incapable  of  impres>ing  much 
force  on  the  air. 

For  refining  and  smelting  furnaces,  where  a  pressure  is  required  of 
3  to  4  lbs.  per  square  inch,  the  piston  machiue  is  at  once  simple  and 
efficacious,  and  is  universally  employed. 

It  is  usually  driven  by  steam  power,  and  consists  merely  of  a  piston 
working  in  a  closed  cylinder;  which  being  worked  by  the  reciprocating 


*  The  drawings  of  the  blowing  engine  I  tions  I  am  chiefly  indebted  to  my  friend 
ami  apjiaratus  bave  been  furnished  by  tbe  Mr.  Win.  Pole.  F.R.S.,  Professor  of  Civil 
makers.    For  the  description  aud  calf  ula-    Engineering  in  University  College,  London. 
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motion  of  the  steam-engine,  alternately  inhales  and  expels  the  air  at 
both  ends. 

The  simplest  arrangement  is  to  place  the  steam  and  blast  cylinder 
horizontally,  with  their  axes  in  the  same  line,  and  to  work  both  wilb 
the  same  rod,  using  a  fly  wheel  as  a  regulator. 

The  horizontal  arrangement  is  however  only  suitable  for  blast 
engines  of  comparatively  small  size ;  when  larger  dimensions  are 
requisite,  the  horizontal  position  of  the  cylinders  is  disadvantageons 
and  inconvenient ;  and  it  is  customary  to  placo  both  the  steam  and 
blast-cylinders  vertically,  one  at  each  end  of  a  beam.  Nearly  all  the 
largo  blast-engines  of  this  country  are  constructed  in  this  manner.  I 
shall  give  details  of  the  arrangement  of  one  of  these  farther  on. 

Some  years  ago  an  ingenious  engineer,  Mr.  Archibald  Slate,  proposed 
some  modifications  in  blast-engine*,  which  he  considered  would  lie  of 
advantage,  lie  made  them  smaller  than  usual,  and  worked  them  at  a 
quicker  speed,  making  thereby  a  small  engine  do  the  work  of  a  large 
one ;  and  as  the  huge  size  of  the  ordinary  machines  rendered  them  and 
their  houses  very  expensive,  the  proposed  modification  seemed  tempting. 
Moreover,  ho  did  away  with  the  leather  valves,  and  substituted  what 
he  considered  the  more  mechanical  form  of  metallic  slides.  Several 
blast-engines  on  this  plan  were  erected,  and  are  still  at  work ;  but 
experience  has  not  confirmed  the  advantages  expected.  The  diminution 
in  cost  by  working  at  high  speed  is  dearly  purchased,  owing  to  the 
greater  wear  and  tear  and  the  more  liability  to  derangement ;  while 
the  metallic  slide  valves,  by  their  groat  surface,  cause  great  friction 
and  give  much  trouble. 

As  an  example  of  the  kind  of  blast  apparatus  most  commonly  used 
in  this  country  for  iron  smelting  furnaces,  I  give  engravings  and  a 
description  of  that  erected  at  the  Shel  ton  Colliery  and  Iron-works,  near 
Stoke-upon-Trent. 

Fig.  55  is  a  side  elevation  of  tho  engine;  fig.  50  an  end  view; 
and  fig.  57  a  section  of  the  blowing  cylinder. 

The  blowing  engines,  of  which  there  are  two,  placed  side  by  side  in 
tho  same  house,  were  made  by  thollaigh  Foundry  Company,  of  Wigan 
in  Lancashire.  They  supply  blast  at  present  to  four  furnaces,  but  are 
calculated  ultimately  to  blow  six.  They  are  of  the  kind  known  as 
condensing  beam  engines. 

The  steam  cylinders  are  45  in.  diameter,  and  0  ft.  stroke  ;  and,  at 
present,  while  blowing  only  four  furnaces,  they  make  10  double  strokes 
per  minute. 

The  blowing  cylinders,  attached  to  the  opposite  ends  of  the  beams, 
are  100  inches  diameter,  and  have  a  stroke  of  ft. 

Tho  steam  and  exhausting  valves  are  on  the  Cornish  principle, 
worked  by  cams  and  tappets,  which  are  so  arranged  as  to  cut  off  the 
steam  at  either  one  third,  one-half,  or  three-fourths  of  the  stroke,  as 
may  be  required. 

The  beams  are  of  cast-iron,  each  made  in  two  parts,  firmly  bolted 
together,  and  bored  out  to  receive  the  gudgeons.  The  length  from 
the  centre  line  of  the  stoam  cylinder  to  the  centre  line  of  the  blowing 
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cylinder  is  MO  ft.,  and  from  tlic  centre  line  of  the  steam  cylinder  to  the 
centre  of  the  end  gudgeon  for  the  connecting  rod  (measured  horizont- 
ally) is  5  ft. 

Jn  order  to  regulate  the  motion,  the  two  engines  are  connected  to 


one  fly-wheel  shaft.  This  is  placed  behind  the  steam  cylinder  at  a 
sufficient  distance  to  enable  the  connecting  rod  to  work  clear;  and  in 
order  to  avoid  an  undue  length  of  beam,  and  at  the  same  time  to  adapt 
the  line  of  gudgeons  to  the  oblique  position  of  the  connecting  rod,  the 

2  c  2 
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end  gudgeon  of  the  beam  is  raised  4  ft.  above  the  centre  lino:  this 
also  gives  a  good  length  of  connecting  rod  without  placing  the  crank 
shaft  much  below  the  ground. 

The  connecting  rods  are  24  ft.  long ;  they  are  made  of  Knglish  oak, 
strengthened  with  wrought  iron  ;  the  transverse  section  of  the  wooden 
rod  is  lo  in.  by  12  in.  in  the  middle,  and  8  by  8  at  the  ends. 

The  fly-wheel  is  23  ft.  diameter,  and  the  weight  of  the  rim  is 
12  tons. 

There  are  seven  boilers,  six  of  which  are  worked  together,  one  being 
always  out  of  use  for  the  purpose  of  being  cleaned.  The  pressure  of 
steam  in  tho  boilers  is  ordinarily  about  30  lbs.  per  square  in.  above 
the  atmosphere. 

Four  of  the  boilers  are  7  ft.  diameter  and  30  ft.  long,  with  two  internal 
flues  in  each,  2  ft.  8  in.  diameter,  the  fires  being  in  the  flues.  The 
other  three  boilers  are  each  5  ft.  diameter,  and  34  ft.  <>  in.  long,  with 
hemispherical  ends,  and  the  fire  grates  underneath  them. 

There  is  a  ram  pump  attached  to  each  engine,  12  in.  diameter,  and 
4|  ft.  stroke,  for  supplying  the  twyers  with  water. 

The  cost  of  tho  two  engines  was  about  6000/.,  exclusive  of  the  boilers, 
buildings,  and  stonework  for  the  foundations. 

The  apparatus  connected  with  the  blowing  cylinders  will  be  best 
seen  by  the  section  Fig.  57 :  </,  a  is  the  cylinder;  b  tho  piston, 
secured  to  the  rod,  c,  by  a  cotter,  d\  e  and  /  are  the  inlet  valves  to 
admit  the  entrance  of  the  air  above  the  piston.  The  two  boxes  project- 
ing from  the  top  cover  of  the  cylinder  have  numerous  openings  in 
their  vertical  surfaces ;  inside  tho  boxes  (on  two  sides  of  the  smaller  and 
three  sides  of  the  larger)  are  hung  a  number  of  leather  flap  valves,  which, 
*hen  resting  in  their  natural  positions,  lie  against  the  faces  and  cover 
the  openings,  but  which  open  inwards  when  the  motion  of  the  piston 
downwards  causes  an  in-draught  of  air. 

The  inlet  valves  for  the  space  under  tho  piston  are  shown  at  /i,  t,  and 
the  bottom  of  the  cylinder  is  pierced  with  numerous  openings,  on 
the  upper  surfaces  of  which  other  similar  leather  flap  valves  lie  :  these 
rise  in  like  manner  to  admit  the  air  when  the  piston  ascends. 

The  outlet  valves  for  the  top  of  the  cylinder  are  shown  at  a  range 
of  leather  flap  valves  being  hung  on  the  fourth  side  of  tho  large  box 
on  the  top  of  tho  cylinder  ;  these  valves  open  outwards  ;  consequently 
when  the  piston  descends,  and  tho  atmospheric  air  is  being  drawn  into 
tie  cylinder,  they  remain  closed.  But  when  tho  piston  begins  to 
ascend,  it  first  closes  the  inlet  valves,  and  then  compresses  the  air  till 
it  arrives  at  a  pressure  greater  than  that  contained  in  tho  outlet  pipes, 
»>,  when  the  outlet  valves,  g,  open,  and  permit  its  exit. 

J,  /  are  the  outlet  valves  for  the  bottom  part  of  the  cylinder,  which 
act  for  the  downstroke  in  a  manner  analogous  to  those  just  described. 

The  aggregate  area  of  the  inlet  valves  for  each  cylinder  is  20  square 
ft.;  of  the  outlet  valves,  9  square  ft. 

to,  m  is  the  outlet  pipe  by  which  the  compressed  air  is  carried  away. 
It  is  made  of  large  size,  that  as  little  resistance  may  be  offered  as  pos- 
sible to  the  air's  motion. 
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The  arrangement*  for  conveying  the  blast  to  the  furnaces,  and  for 
heating  it,  are  of  the  usual  kind. 

From  the  blowing  cylinders  the  air  passes  by  the  two  pipes  (already 
mentioned),  m,  ?«,  along  a  main  conduit,  of  wrought  iron,  112  ft. 


Fig.  57.  Section  of  blowing  cylinder. 


long  and  f»  ft.  diameter,  which,  being  of  such  largo  capacity,  serves  as 
a  reservoir  to  equalize  the  blast.  It  is  supported  from  the  ground  by 
pillars,  placed  at  proper  intervals  apart. 

From  the  main  conduit,  the  air  passes  into  the  heating  stoves, 
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of  which  there  are  eight  (two  to  each  blast-furnace),  and  which  heat 
the  air  to  a  temperature  of  about  800  dcg.  Fahrenheit. 

From  the  heating  stoves  the  air  is  conducted  to  the  twyers  of  the 
blastfurnaces  by  cast  iron  pipes,  10  in.  and  12  in.  diameter.  There 
are  9  blast-pipes  to  each  furnace,  the  orifice  of  each  being  in. 
diameter.  Stop  valves  are  fixed  in  the  pipes,  by  which  the  blast  can 
be  shut  off  from  any  of  the  furnaces  at  pleasure. 

The  pressure  of  air  in  the  reservoir  is  about  '.\  lbs.  per  square  in. 
above  the  atmosphere.  Safety  valves  are  provided,  to  allow  the  escape 
of  any  superfluous  air. 

The  blast-furnaces  are  00  ft  in  height,  and  15  ft.  diameter  across 
the  boshes. 


The  following  principles  will  probably  be  of  use,  as  applicable  gene- 
rally to  the  supply  of  air  to  smelting  furnaces  by  piston  blast  engines. 

The  quantity  of  air  required  for  any  given  furnace,  and  the  pressure 
at  which  it  must  be  delivered,  are  matters  whic  h  must  be  determined 
by  experience  for  the  particular  case  ;  and  the  dimensions  of  the  blast 
engine  must  be  proportioned  accordingly. 

Let  A  represent  the  area  of  the  blast  cylinder,  and  L  the  length  of 
its  stroke,  both  in  feet,  and  N  the  number  of  single  strokes  per  minute. 
Then  the  quantity  of  air  in  cubic  feet,  at  atmospheric  pressure,  inhaled 
by  the  cylinder  per  minute,  will  be 

=  N  A  L.  . 

If  there  is  more  than  one  cylinder,  let  the  contents  of  each  be  thus 
taken,  and  the  sum  of  the  whole  be  expressed  by  Q=quantity  of  air 
used  in  cubic  feet  per  minute,  measured  at  the  atmospheric  pressure, 
which  we  will  represent  by  P  lbs.  per  square  foot. 

Now  the  action  of  the  machine  will  be  fir*t  to  compress  this  air  to 
the  pressure  existing  in  the  equalizing  reservoir,  and  then  to  deliver 
it  into  this  vessel,  in  doing  which  its  volume  will  be  reduced.  Let 
therefore  the  pressure  in  the  reservoir  above  the  atmosphere,  in  lbs. 
per  square  foot,  =;>,  the  total  pressure  beings P, ■  V +p.  Also  let 
Qi  represent  the  volume  of  air  which  will  be  supplied  per  minute  to 
the  reservoir  at  the  increased  pressure. 

Then  by  Mariotte's  law,  assuming  the  temperature  constant, 

Q.  =  Q  J! 

The  next  part  of  the  process  is  that  this  air  passes  through  a  series 
of  pipes,  in  the  course  of  which,  for  hot-blast  furnaces,  it  becomes  heated 
to  a  high  temperature.  In  this  it  will  bo  subject  to  two  alterations  : 
first,  the  pressure  will  be  somewhat  reduced  by  the  quantity  necessary 
to  overcome  the  friction  along  the  pipes;  ami,  secondly,  the  volume 
will  be  considerably  augmented  by  the  expansion  from  increase  of 
temperature. 

The  friction  along  the  pipes  will  depend  on  the  surface  of  the 
pipes,  on  the  velocity  of  passage,  and  on  the  specific  gravity  of  the  air. 
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The  former  may  be  easily  obtained  by  multiplying  the  length  of  the 
piping  by  the  internal  perimeter.    Let  this  surface  in  square  feet  =  /. 

The  velocity  of  passage  and  the  specific  gravity  of  tho  air  will  both 
vary  at  different  parte  of  tho  piping,  as  the  air  becomes  heated  ;  and 
in  order  to  reduce  them  to  simple  calculation,  an  estimated  mean  value 
of  each  must  be  taken.  Let  therefore  r=mean  velocity  in  feet  per 
second ;  and  S  the  mean  weight  of  a  cubic  foot  of  the  passing  air  in 
lbs.  avoirdupois.  Also  let  a  =  mean  sectional  area  of  the  pipe  in  feet, 
and  />'  =  the  loss  of  pressure  due  to  tho  friction. 

Then  by  known  rules — 

'  =  M(* 

where  M  is  a  coefficient  of  friction  that  may  be  taken  approximately 
at  10,000. 

Hence  tho  pressure  (total)  of  the  air  at  the  end  of  the  passage,  which 
we  will  call  Pf,  will  be 

P,  =  P,  -  P' 

or  the  pressure  above  the  atmosphere — 

p"  =  P  -  P 

Secoudly,  wo  have  to  find  the  increase  of  volume  due  to  the  heating. 
It  is  known  that  for  an  increase  of  every  degree  Centigrade  the  volume 
of  air  will  increase  about  of  its  volume  at  0°.  If  therefore  Q,  —  the 
first  volume  at  temperature  t°  Cent.,*  and  Qt  the  new  volume  at  a 
higher  temperature  T3,  we  shall  have 9 — 

1  +  0-003K5T 
^  ~  Wl  1  +  0-00S6H 

Arriving  now  at  the  end  of  the  piping  we  have  a  quantity  Qt  cubic 
feet  of  air  per  minute  at  a  pressure  =  p"  lbs.  above  the  atmosphere  ;  and 
this  will  escape  through  tho  blast  pipe  nozzles  and  twycrs  to  supply 
the  furnaces. 

The  dimensions  of  these  nozzles  must  correspond  to  the  volume 
and  pressure  of  the  air  intended  to  escape  by  them,  and  the  relations 
of  their  sizo  to  these  data  will  be  found  as  follows  : — Let  a  =  aggregate 
area  of  tho  nozzles,  and  let  vt  be  the  velocity  of  the  air  in  feet  per 
second  passing  out  by  thorn ;  then  the  quantity  escaping  per  minute 
(which  must  =  QJ  will  be 

=  60op 

But  by  the  rules  of  pneumatics,  if  S"  =  weight  of  a  cubic  foot  of  the  air, 
p"  its  pressure  above  the  atmosphere,  and  m  =the  coefficient  of  reduc- 
tion for  the  shajH)  of  the  orifice  (which  we  may  take  for  conical  tubes 
at  0  •  94),  we  have   

r "  "  V  "r 

whence 


5  Wo  adhere  to  the  Centigrade  notation    fected  by  the  dimirmtion  of  pressure  by 


in  preference  to  Fahrenheit's,  as  much 
more  convenient  for  calculation. 

«  Tho  volume  will  also  bo  a  little  af- 


tho  friction,  but  this  may  be  neglected, 


being  small  in  amount. 
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To  find  tho  value  of  S",  let  W  =  woight  of  a  cubic  foot  of  air  at  mean 
atmospheric  pressure,  =  P,  and  at  zero  (Centigrade)  of  temperature. 
This  may  be  taken  at  about  0  0813  lbs. 

P  4-  n" 

Then  S"  =  W  - —  -TJ. — 

P  1  ■+  0-00365T) 

And  by  substitution— 


WQ^P  +  p") 

a7  =  -zrr^r^z-*- 


72ooj/P/)"in3  i  +  o  ooaesT) 

from  which  the  areas  of  the  twyers  may  be  found. 

The  power  necessary  to  work  the  blast  cylinders  may  be  estimated 
as  follows  :— 

1  f  as  before  A  =  area  of  cylinder,  L  =  length  of  stroke,  P  =  atmospheric 
pressure,  and  P,  =  total  pressure  in  reservoir,  then  the  work  in  foot- 
pounds necessary  to  produce  each  stroke  of  the  cylinder  will  be 

=  ALP  x  hyp  log.  ^ 

and  if  N  =  number  of  single  strokes  per  minute,  then  the  net  useful 
horse-poicer  of  the  engine  required  will  be 

NALP  log.  ?i 

H.P.  = 


33,000 

It  must  bo  borne  in  mind  that  no  allowance  has  been  made?  in  the 
above  calculations  for  leakage,  or  clearance,  or  any  mechanical  defects 
of  the  apparatus ;  nor,  in  regard  to  the  engine  power,  for  the  friction 
of  the  machinery,  or  other  losses  usual  in  steam  engines — these  will 
always  exist  to  a  greater  or  less  extent ;  but  their  amount  is  very 
variable  in  different  cases,  and  must  be  always  determined  by  practical 
estimation. 

As  an  example  of  tho  application  of  tho  principles  above  stated, 
we  may  give  the  calculations  for  the  Shelton  Company's  Blowing 
Engines. 

The  blast  cylinders  are  100  in.  diameter,  working  with  a  0  ft.  stroke, 
and  making  (when  4  furnaces  are  being  supplied)  32  single  strokes  per 
minute.  Hence, 

A  =  94*5  ft  nearly, 
L  =  9 
N  =  32 

Or  NAL  =  15.700  nearly. 

But  there  are  two  engines  working  together ;  whence, 
Q  =  quantity  of  atmospheric  air  inhaled  per  minute— 

=  31,400  cubie  ft. 

or  7850  cubic  ft.  per  minute  for  each  blast-furnace. 

This  air  is  compressed  by  the  blowing  cylinders  to  a  pressure  of 
3  lbs.  per  square  inch  above  the  atmosphere,  and  taking  tho  atmo- 
spheric pressure  at  15  lbs.  per  square  inch,  wo  shall  have 

P  =  2160 
p  =  432 

and  P,  =  P  +  p  =  2592 
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And  by  this  increase  of  pressure  the  volume  supplied  by  the  cylinders 
will  be  reduced  to 

Qt  =  Q  ~  =  20,166. 

Wo  have  next  to  find  the  changes  of  pressure  and  volume  that  the 
air  takes  in  travelling  through  Ihe  pipes  between  the  blowing  cy- 
linders and  the  furnaces,  during  part  of  which  passage  it  is  raised 
considerably  in  temperature. 

The  change  of  pressure  will  be  due  to  the  friction  of  the  air  in 
passing  along  the  pipes ;  but  in  the  case  in  quest  ion  these  passages  are 
made  60  large  and  ample  that  no  important  diminution  is  found  to  take 
place,  so  that  we  may  assume  — 

p*  =  0;  or 
P,  =  P,  =  2502 
Or  p'r  =  p.    =  432. 

The  other  alterations,  however — namely,  the  increase  in  volume 
due  to  the  heating,  will  be  considerable.    We  have  at  first  a  volume 

=  26166 

at  a  temperature^-/,  which  we  may  take,  for  the  sake  of  example,  at 
about  the  mean  temperature  of  the  atmosphere,  say  -  16  Cent.  This 
in  heated  to  a  temperature  T= about  800'  Fah.  or  426°  Cent.,  which  will 
augment  it  to  a  volume, 

1  +  0  00365T 
*  ~  Ql  1  +  0  00365/ 

b  26,166  — ^r-  =  63,163  cubic  ft.  per  minute, 
1*058 

which  is  the  volume  passing  into  the  furnaces  through  the  twyers. 

By  the  equation  we  have  before  given,  the  quantity  a  =  tho  aggregate 
opening  of  the  nozzles  of  the  blast-pipes,  necessary  to  emit  this  quantity 
at  the  given  pressure,  will  be  about  1*312  square  ft. ;  and  this  divided 
over  36  blast-pipes  will  give  about  2*6  in.  calculated  diameter  to  each, 
the  actual  diameter  being  2$  in. 

To  find  the  horse  power  of  the  engines  wo  have  to  calculate  by  the 
equation — 

NALP  log.  ^ 

H,P'  =  33^)00 

=  186  II.  F.  for  each  engine,  or  372  for  the  two  engines  together. 

This  is  the  net  available  work  done  ;  but  to  this  has  to  be  added  a 
considerable  allowance  for  friction,  and  other  losses  well  known  to 
engineers. 

HOT-BLAST. 

In  1828  a  patent  was  granted  to  Mr.  James  Beaumont  Neilson,  ma- 
nager of  the  Gas-works  of  Glasgow,  with  the  title,  4  Improved  Applica- 
tion of  Air  to  produce  Heat  in  Fires,  Forges,  and  Furnaces,  where 
Bellows  or  other  Blowing  Apparatus  are  required.' 7    The  specification 
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of  this  patent  occupies  about  three  quarters  of  a  page,  and  on  account 
of  the  vast  importance  of  the  application  described  in  it  T  present  it 
in  extensor— "  A  blast  or  current  of  air  must  bo  produced  by  bellows  or 
other  blowing  apparatus  in  tho  ordinary  way,  to  which  mode  of  pro- 
ducing the  blast  or  current  of  air  this  patent  is  not  intended  to  extend. 
The  blast  or  current  of  air  so  produced  is  to  be  parsed  from  tho  bellows 
or  blowing  apparatus  into  an  air-vessel  or  receptacle,  made  sufficiently 
strong  to  endure  the  blast,  and  through  and  from  that  vessel  or  recep- 
tacle by  means  of  a  tube,  pipe,  or  aperture,  into  the  fire,  forge,  or  fur- 
nace. The  air-vessel  or  receptacle  must  be  air-tight,  or  nearly  so, 
except  the  apertures  for  the  admission  and  emission  of  the  air  ;  and  at 
the  commencement  and  during  tho  continuance  of  the  blast  it  must  be 
kept  artificially  heated  to  a  considerable  temperature.  It  is  better  that 
the  temperature  be  kept  to  a  red  heat,  or  nearly  so ;  but  so  high  a  tem- 
perature is  not  absolutely  necessary  to  produce  a  beneficial  effect.  The 
air-vessel  or  receptacle  may  bo  conveniently  made  of  iron ;  but  as  tho 
effect  does  not  depend  upon  the  nature  of  tho  material,  other  metals  or 
convenient  materials  may  be  used.  Tho  sizo  of  tho  air-vessel  must 
depend  upon  the  blast,  and  on  the  heat  necessary  to  be  produced.  For 
an  ordinary  smith's  fire  or  forge,  an  air-vessel  or  receptacle  capable  of 
containing  twelve  hundred  cubic  inches  will  be  of  proper  dimensions ; 
and  for  a  cupola  of  the  usual  size  for  cast-ironfounders,  an  air-vessel 
capable  of  containing  ten  thousand  cubic  inches  will  be  of  a  proper 
size.  For  fires,  forges,  or  furnaces  upon  a  greater  scale,  such  as  blast- 
furnaces for  smelting  iron,  and  large  cast-ironfounders*  cupolas,  air- 
vessels  of  proportionably  increased  dimensions  and  numbers  are  to  bo 
employed.  The  form  or  shape  of  the  vessel  or  receptacle  is  immaterial 
to  the  effect,  and  may  be  adapted  to  the  local  circumstances  or  situa- 
tion. The  air-vessel  may  generally  be  conveniently  heated  by  a  fire 
distinct  from  the  fire  to  be  effected  [sic]  by  the  blast  or  current  of  air ; 
and  generally  it  will  be  better  that  the  air-vessel  and  the  fire  by  which 
it  is  heated  should  bo  inclosed  in  brickwork  or  masonry,  through  which 
the  pipes  or  tubes  connected  with  tho  air-vessel  should  pass.  Tho 
manner  of  applying  the  heat  to  the  air-vessel  is,  however,  immaterial 
to  the  effect,  if  it  be  kept  at  a  proper  temperature." 

The  patentee,  there  is  reason  to  believe,  had  at  first  no  adequate  con- 
ception of  the  value  of  his  invention,  and  of  the  great  influence  it  was 
destined  to  produce  upon  the  smelting  of  iron.  The  particular  refer- 
ence which  he  makes  in  his  specification  to  smiths'  fires  and  east-iron- 
founders'  cupolas  would  seem  to  indicate  that  he  regarded  his  inven- 
tion as  more  specially  applicable  to  these  minor  operations  than  to 
great  blast-furnaces.  Tho  advantages,  however,  of  the  hot  blast,  with 
respect  to  economy  of  fuel,  were  so  soon  recognized  by  tho  Scotch 
ironmasters  that  in  1835  it  was  in  operation  at  every  ironwork  in  Scot- 
land, except  one,  and  there  it  was  in  process  of  introduction. 

In  1832,  Mr.  Neilson  and  others,  with  whom  he  had  entered  into 
partnership  with  respect  to  his  invention,  granted  a  licence  to  tho  well- 
known  ironmasters,  Messrs.  Baird,  proprietors  of  the  CJarthsherry  Iron- 
works, on  consideration  of  receiving  one  shilling  per  ton  of  iron  mann- 
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factured  at  their  establishment.  These  gentlemen  subsequently  refused 
to  pay  the  licence-duty,  whereupon  legal  proceedings  were  instituted 
against  them  by  Mr.  Neilson.  At  the  date  of  the  action  20,000/.  were 
claimed  by  the  plaintiffs,  of  which  half  was  for  "  profits  "  and  half  for 
11  other  damages."  The  litigation  was,  as  usual  in  such  cases,  both 
costly  and  fierce.  The  defendants  endeavoured  to  upset  the  patent  on 
various  pleas,  especially  insufficient  description  and  want  of  novelty. 
The  trial  took  place  at  Edinburgh  in  1 843,  before  the  Lord  President 
of  the  Court  of  Session,  and  lasted  from  the  10th  to  the  20th  May  in- 
clusive. Witnesses  were  summoned  from  all  parts  of  the  kingdom,  and 
there  was  not  a  little  hard  and  contradictory  swearing.  In  proof  of 
non-novelty,  great  stress  was  laid  on  the  specification  of  a  patent 
of  a  Mr.  Robert  Stirling,  dated  1810,  and  numerous  extracts  from 
it  were  presented  to  the  Court.  This  specification  has  not  been 
printed,  nor  is  there  any  record  of  it  in  the  library  of  the  Patent 
Office,  where,  at  my  request,  diligent  search  has  been  made  for  it. 
The  judge  summed  up  strongly  in  favour  of  the  plaintiffs  on  all  the 
issues,  and  the  jury  returned  a  verdict  in  their  favour  accordingly, 
assessing  the  damages  for  44  profits"  at  4867/.  1G*.,  and  the  "other 
damages"  at  7000/. 

Counsel  resorted  to  much  severity  of  language,  both  in  their  cross- 
examination  and  in  their  addresses  to  the  jury ;  and  so  did  the 
Lord  President  in  his  summing  up.  Much  of  the  evidence  is 
highly  discreditable  and  disingenuous.  Opinions  were  expressed 
by  some  of  the  witnesses  which  have  proved  utterly  erroneous,  aud 
which  no  doubt  they  would  be  glad  to  have  the  opportunity  of 
disavowing.  As  an  example  may  bo  cited  one  of  the  answers  of 
Mr.  James  Palmer  Budd,  of  the  Ystalyfera  Iron-works,  which  is  as 
follows  : — 44  I  find  that  the  cold-blast  is  most  economical ;  it  produces 
more  iron  at  less  expense  of  wages  and  material."  Yet  Mr.  Budd 
afterwards  adopted  the  hot-blast  at  his  own  fu  maces.  The  defend- 
ants admitted  that  during  10  years  they  made  2<>0,000/.  net  profit  on 
hot- blast  iron,  and  that  in  one  year  (1840)  the  net  profit  amounted 
to  54,000/.  One  might  naturally  have  supposed  that  this  splendid 
return  would  havo  satisfied  their  cupidity,  and  that  they,  of  all 
men,  would  have  been  the  last  to  attempt  to  dispossess  Neilson  of 
his  patent  right ;  but  so  it  is,  so  it  has  always  been,  and  so,  it  is  to 
be  feared,  it  ever  will  bo,  in  accordance  with  tho  proverb,  44  Much 
would  have  more." 1 

The  late  Mr.  Mushet  gave  evidence  at  the  trial,  and  declared  that  in 
his  opinion  the  invention  of  the  hot-blast,  considered  as  a  means  of 
developing  national  wealth,  might  properly  rank  with  that  of  cotton- 


"  A  complete  report  of  this  remarkable  Neilson,  of  Glasgow,  Engineer,  and  others, 

trial  was  printed  in  Edinburgh.    The  title  against  William  Baird  and  Company,  of 

is  "  Report  of  the  Trial  Ixtforo  the  Lord  the  Garthshcrry  Iron-Works,  for  infringe- 

President  of  the  Court  of  Session  and  a  ment  of  the  Hot-Rlost  patent ;  oouuneno 

Special  Jury,  of  the  i«mes  in  the  conjoined  ing  on  10th,  and  ending  on  20th  May, 

actions  of  Suspension  and  Interdict,  and  1843.    Edinburgh  :  printed  by  Thomas 

Count,   Reckoning,   Payment,  and  Da-  Allan  and  Co.,  265,  High  Street,  1843." 

mages,  at  the  instance  of  James  Beaumont  4to.  pp.  881. 
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spinning  by  Arkwright.  However  this  may  be,  few  persons  would 
now  demur  to  the  statement  that  the  hot-blast  has  greatly  cheapened 
the  production  of  iron,  and  in  so  far  is  to  be  regarded  as  one  of  the 
most  important  improvements  ever  made  in  metallurgy.  It  cannot 
strictly  be  termed  a  great  invention  ;  for  what  great  exercise  of  the 
inventive  faculty  could  it  possibly  have  required  for  its  development? 
There  was  no  elaborate  working  out  of  a  process  or  machine,  as  has 
been  the  case  in  many  inventions,  but  the  thing  was  done  at  once. 
Without  wishing  in  the  smallest  degree  to  detract  from  the  merit  to 
which  Mr.  Neilson  is  justly  entitled,  I  may  nevertheless  express  my 
opinion  that  the  hot-blast  was  a  lucky  hit  rather  than  an  invention 
properly  so  called.  Yet  it  should  not  be  forgotten  that  before  Mr. 
Xeilson  appeared  on  the  scene  it  was  a  conviction  of  ironmasters  that 
the  colder  the  blast  the  better.  44  This  conviction,"  as  Mr.  Marten 
observes,  "  was  the  result  of  long-continued  observations,  which  showed 
that  the  produce  per  furnace  was  always  more  in  winter  than  in  sum- 
mer ;  and  as  the  difference  most  appreciable  to  the  furnace-managers 
between  the  one  state  of  circumstances  and  the  other  was  the  tempera- 
ture of  the  atmosphere,  this,  without  further  investigation,  was  at  onco 
charged  as  the  sole  cause.  Subsequent  research  has  shown  that 
the  mere  variation  of  temperature  in  the  atmosphere,  from  freezing- 
point  to  summer-heat,  had  nothing  to  do  with  this  result,  which  is 
owing  to  a  cause  still  as  actively  in  operation,  and  as  sensibly  felt  with 
the  blast  heated  to  a  temperature  of  000°  or  800°  P.,  namely  the  excess 
of  moisture,  in  the  shape  of  invisiblo  vapour,  contained  in  the  air  in 
the  warm  weather  as  compared  with  the  cold.  So  strongly  rooted, 
however,  was  the  belief  that  the  temperature  was  the  only  circum- 
stance affecting  the  make  of  iron,  that  the  greatest  efforts  were  made 
in  summer  to  obtain  the  blast  as  cool  as  possible  ;  amongst  other  plans, 
by  passing  it  over  cold  water,  with  a  result  of  course  contrary  to  ex- 
pectation, owing  to  a  partial  absorption  of  the  water."* 

With  respect  to  variation  in  atmospheric  temperature,  there  is  one 
point  deserving  of  notice  which  is  not  alluded  to  by  Mr.  Marten, 
namely,  that  in  hot  weather  the  blowing  engine,  in  order  to  inject  tho 
same  weight  of  oxygen,  in  a  given  time,  into  the  furnace  as  in  cold 
weather,  must  work  more  rapidly;  and  it  is  possible  that  furnace- 
managers  may  have  neglected  so  to  increase  the  speed  of  the  engine  «*is 
to  compensate  for  the  effect  due  to  the  variation  in  temperature  during 
the  hot  season.  And  if  this  be  so,  they  may  have  been  led  to  the  in- 
ference  above  stated,  that  the  increased  temperature  of  the  blast  at 
this  period  of  the  year  was  injurious.  However,  the  greater  humidity 
of  the  air  in  hot  weather  would  no  doubt  tend  to  produce  the  effect 
alleged  by  Mr.  Marten  ;  but  he  now  doubts  whether  it  is  so  exclu- 
sively operative  as  he  then  supposed. 

The  hot-blast  was  first  put  into  operation  at  tho  Clyde  Iron-works, 


1  On  the  Construction  of  Hot-Blast 
Ovens  for  Iron  Furnace*.  By  Mr.  Henry 
Marten,  of  Wolverhampton.  'Proceedings 
of  the  Institution  of  Mechanical  Engineer*, 


May  4th,  1859,  p.  G2.  This  is  nn  excellent 
paper,  of  which  I  ahall  largely  avail 
myself. 
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where  argillaceous  iron-ore  was  smelted  with  limestone  as  the  flux,  and 
with  the  eoke  of  splint-coal  (i.e.  bituminous  non-caking  coal  rich  in 
oxygen,  yielding  45%  of  coke)  as  the  fuel.1  During  the  first  6  months 
of  the  year  182i>,  when  cold-blast  was  exclusively  used  at  the  Clyde 
Iron-works,  the  coke  from  8  tons  lj  cwt.  of  coal  was  required  to  pro- 
duce 1  ton  of  pig-iron.  During  the  first  6  months  of  the  following 
year,  when  the  blast  was  heated  to  300°  F.,  1  ton  of  pig-iron  was  ob- 
tained with  a  consumption  of  the  coke  from  5  tons  8J  cwts.  of  coal.  The 
actual  saving  of  coal  per  ton  of  pig-iron  was  2^  tons,  as  8  cwts.  of  coal 
were  consumed  in  heating  the  blast,  and  must  be  deducted  from  the 
saving  of  2  tons  18  cwts.  in  the  blast-furnace. 

In  1831,  at  the  Calder  Iron-works,  raw  coal  was  successfully  subnti- 
tutcd  for  coke  ;  and  this  use  of  raw  coal  was  speedily  adopted  in  must 
of  the  Scotch  iron-works.  The  temperaturo  of  the  blast  was  raised  suf- 
ficiently high  to  melt  lead,  and  sometimes  even  zinc ;  and  the  use  of 
water-twvers  had  become  necessary. 

During  the  first  6  months  of  the  year  1833,  at  the  Clyde  Iron-works, 
under  the  altered  conditions  just  stated,  1  ton  of  pig-iron  was  made 
with  2  tons  oj  cwts.  of  coal  used  raw,  exclusive  of  8  cwts.  required  to 
heat  the  blast.  The  actual  consumption  of  coal  therefore  was  2  tons 
13 J  cwts.,  whereas  in  1829  it  was  8  tons  1 J  cwt.  per  ton  of  pig-iron. 

The  results  obtained  at  tho  Clyde  Iron-works,  with  regard  to  make 
of  pig-iron  and  consumption  of  fuel,  during  the  three  periods  above 
referred  to  (tho  blowing  engine  being  the  same),  are  given  in  the 
Table  subjoined  : — 


Coke  ant»  Colt»-Blast. 

From  Jan.  7th  to  Aug.  19Ui.  1829. 

Coke  axd  Hot-Blast. 

From  Jan.  eth  to  June  30th.  1830. 

Coal  axd  Hot-Blast. 

From  Jan  9th  to  Jnue30th.  1*33. 

Average  weekly 
make  of 

plg-lron  in  thtve 
furnacex. 

Average 
consumption  of 
coal  per  ton  of 

pig-iron. 

Average  weekly 

make  of 
pig-iron  In  three 

furnaces. 

Average 
consumption  of 
coal  p<  r  urn  of 
pig-iron. 

Averagp  weekly 
make  of 

pig-lpm  In  four 
furnaces. 

Average 
consumption  of 
coal  [«r  ton  of 

pig-iron. 

Tons.  Cwts.  Ore. 
110    14  2 

Tons.  Cwts.  Ore. 

Tons.  Cwt*.  0'*8- 
102    2  2 

Tons.  Cwts.  Ore. 
5     3  1 

Tons.  Cwt*.  Ore. 
245    0  0 

Tons.  Cwts,  Ore. 
2      5  1 

Hence,  by  tho  application  of  tho  hot-blast,  the  same  amount  of  fuel 
reduced  three  times  as  much  iron,  and  the  same  amount  of  blast  did 
twice  as  much  work,  as  previously.*  In  reference  to  tho  consumption 
of  coal,  it  is  essential  to  bear  in  mind  the  composition  of  tho  coal ;  for 
otherwise  no  really  aceurato  comparisons  can  be  instituted  concerning 
the  consumption  of  coal  per  ton  of  pig-iron  in  different  localities,  yield- 
ing varieties  of  coal  of  widely  different  composition.  For  example,  the 
non-caking  bituminous  coal  of  Scotland  and  South  Staffordshire  con- 
tains much  more  oxygen  and  much  less  carbon  than  the  non-caking 

a 

1  A  pnpor  was  rend  to  the  Royal  Society  Tin-  following  information  relating  tn  the 

of  Edinburgh,  Mnrch  10th.  lK3.r>,  by  Dr.  early  history  of  the  hot -Must  is  chiefly 

Clark,  Professor  of  Chemistry  at  Aber-  derived  from  this  imper. 

d<vn.  "On  the  Application  of  the  Hot-  2  Dr.  Chirk,  op.  eit.  p.  H7S. 
Blast  in  tlio  Manufa«  tur»'  of  Cnst-Iron." 
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bituminous  serni-anth  rat-it  ic  coal  of  South  Wales ;  and  carbon  is  the 
chief  calorific  agent  in  both.  But  this  consideration,  which  is  of  great 
practical  importance,  is  often  disregarded  in  comparative  statements 
as  to  the  coasumption  of  coal  per  ton  of  pig-iron,  at  iron-works  supplied 
with  different  kinds  of  coal. 

At  the  Clyde  Iron-works  the  blowing  engine  had  a  steam  cylinder 
40  in.  in  diameter,  and  a  blowing  cylinder  8  ft.  deep  and  8<>  in.  in 
diameter,  making  18  strokes  a  minute.  The  whole  power  of  the  engine 
was  exerted  in  blowing  the  three  furnaces,  as  well  as  in  blowing  the 
four;  and  in  both  cases  there  were  two  twyers  of  in.  in  diameter  to 
each  furnace.  The  pressure  of  the  blast  was  2 J  lbs.  per  square  inch. 
The  fourth  furnace  was  blown  in  after  the  introduction  of  water- 
twyers,  and  the  open  spaces  round  the  blast-pipes  were  luted  up.  'Itio 
engine  then  went  less  than  18  strokes  a  minute,  in  consequence  of  the 
too  great  resistance  of  the  materials  contained  in  the  three  furnaces 
to  the  blast  in  its  passage  upwards.  The  charge,  in  1829,  consisted 
of  coke  .">  cwts.,  calcined  ironstone  3  cwts.  1  qr.  \4  lbs.,  and  limestone 
3  errs.  16  lbs.  ;  in  1830,  of  coke  5  cwts.,  calcined  ironstone  *>  cwts.,  and 
limestone  1  cwt.  1  qr.  Hi  lbs.;  and  in  18;j;j,  of  coal  5  cwts.,  calcined 
ironstone  5  cwts.,  and  limestone  1  cwt.3 

Apparatus  for  II hating  the  Blast. 

Human  ingenuity  has  been  exercised  in  a  remarkable  degreo  upon 
modes  of  heating  the  blast,  and  very  numerous  kinds,  or  rather 
varieties,  of  apparatus  have  been  contrived  for  that  purpose,  and  tested 
'»n  the  large  scale.  To  describe  them  all  would  require  a  volume  ;  and 
I  shall  therefore  select  for  special  description  only  such  as  are  more  or 
less  typical,  and  these  are  but  few.  The  best  account  which  I  have 
met  with  of  British  hot-blast  ovens  is  that  of  Mr.  Marten,  previously 
cited.  An  important  German  work  on  this  subject,  by  Mehrbmh, 
illustrated  with  admirable  plates,  was  published  so  long  ago  as  1840.4 
It  records  many  contrivances  of  at  least  historical  interest,  to  which 
Mr.  Marten  does  not  allude;  but  it  is  now  necessarily  very  imperfect. 

Xeikons  first  apparatus, — I'ho  apparatus  first  employed  by  Mr. 
Xeilson  was  exceedingly  simple.  It  consisted  of  a  small  wrought  iron 
heating  chamber,  about  4  ft.  long,  '.\  ft.  high,  and  2  ft.  wide,  similar  in 
construction  to  a  waggon-head  steam  boiler,  and  set  in  brickwork 
with  a  fire-place  underneath,  the  top  being  left  exposed  to  the  atmos- 
phere,1 'Hie  cold-blast  entered  at  the  end  immediately  over  the  grate, 
and  passed  out  from  the  opposite  end  direct  into  the  twyer,  at  a  tempe- 
rature of  about  200°  F.    Each  twyer  was  provided  with  one  such 


1  Dr.  Clark,  op.  cit.  p.  382.  titlo  is  m  follows  :  "  XXXV.  Tafeln  Ab- 

4  There  w  one  volume  of  text  with  the  bildimgen   tier   vorziigliehsten  Apjmntte 

following  title:    "Die  Anwendnng  der  zur  Krwannung  d<«r  (ieblaaeluft  auf  den 

erwdrmten   Obliiacluft  im   Gebiete  der  Hlittenwerken  in  Deiitaehlnml,  England, 

Metallurgie."    Hemusgegelien  von  F.  TU.  Fninkreieh,  Schweden  und  der  Sehweiz. 

M«lirWh.    Leipzig,  1*10.    8vo.  pp.  Freiberg,  1*40."    It  18  H  posthumous  pub- 

irf  an  atlan  of  35  folio  plates,  which  liention. 

wa*  published  at  Freilierg,  in  1*10.    The  5  Marten,  op.  <  it.  p.  <tt. 
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heating  chamber.  The  total  area  of  fire-grate  per  twyer  was  about 
4  ft.  square,  and  that  of  the  heating  surface  of  the  chamber  35  ft.  square. 
The  advantage  of  heating  the  blast  even  to  this  moderate  degree  was 
soon  established. 

Neil.sons  improved  apparatus. — The  chamber  being  made  of  boiler- 
plate was  speedily  destroyed  by  oxidation,  when  Mr.  Xeilson  substi- 
tuted for  it  a  cylindrical  vessel  of  cast  iron,  bottle-shaped  at  each  end, 
2  ft.  9  in.  in  diameter,  and  <>  ft.  in  length.  It  was  fixed  horizontally 
over  a  fire-place,  and  wholly  enclosed  in  brickwork,  thus  avoiding  the 
great  loss  of  heat  by  radiation,  etc.,  which  occurred  in  the  first  appa- 
ratus. The  area  of  the  grate  was  11  ft.  square,  and  the  heating  surface 
for  the  blast  55  ft.  square.  An  apparatus  of  this  kind  was  adjusted  to 
each  twyer.    The  temperature  of  the  blast  was  now  raised  to  280°  F. 

Mr.  Xeilson  next  contrived  a  far  more  efficient  apparatus  than  the 
two  preceding,  by  which  the  temperature  of  the  blast  was  raised  to 
more  than  600°  F.,  so  that  lead  could  easily  be  melted  by  it.  It  con- 
sisted of  an  arrangement  of  cylindrical  cast-iron  pipes,  18  in.  in 
diameter,  fixed  horizontally  and  united  by  flanges.  These  pipes 
together  formed  a  continuous  length  of  100  ft.,  and  presented  a  heating 
surface  of  240  ft.  square  for  each  twyer.  There  were  five  grates  in  all, 
giving  28  ft.  square  of  grate  surface  for  each  of  the  two  twyers.  In 
this  apparatus  hot-blast,  properly  so  called,  was  first  produced;  but,  as 
Mr.  Marten  remarks,  44  defects  soon  began  to  manifest  themselves. 
With  the  lengthening  of  the  heating  tubes  and  the  greater  general 
complication  of  the  apparatus,  a  difficulty  had  now  crept  in  unawares, 
destined  to  be  highly  mischievous,  and  to  test  the  ingenuity  of  a  whole 
generation  of  furnace  managers.  It  arose  from  irregular  and  uncom- 
pensated expansion  and  contraction,  inducing  that  serious  defect  of 

hot-blast  ovens,  leaky  joints  Tho  leakage  at  the  joints  was  to 

some  extent  overcome  by  covering  them  with  a  ring  of  cast-iron, 
followed  as  a  result  by  the  breaking  of  tho  pipes,  a  defect  of  greater 
magnitude."*  But  the  greatly  increased  yield  of  the  furnace,  consequent 
on  the  higher  temperature  of  the  blast,  led  to  strenuous  efforts  to  over- 
come the  difficulty. 

Tho  defects  of  tho  apparatus  in  question  may,  as  Mr.  Marten  has 
shown,  bo  summed  up  as  follows:  1.  The  heating  of  so  great  a  con- 
tinuous length  of  piping,  whereby  the  effect  of  the  accumulated  expan- 
sion of  the  several  straight  pipes  would  be  concentrated  on  the  weakest 
point  in  the  system ;  and,  moreover,  owing  to  the  mode  of  heating, 
there  would  be  necessarily  irregularity  in  the  expansion  and  contrac- 
tion, and  the  piping  in  the  immediate  vicinity  of  the  fire-places  would 
be  more  heated  at  one  time  than  elsewhere,  and  more  cooled  at  another 
w  hen  the  fires  were  made  up.  2.  The  difficulty,  not  to  say  impossi- 
bility, of  keeping  the  flanged  joints  tight  under  the  circumstances; 
for,  in  consequence  of  the  great  and  repeated  strains  to  which  the 
pipes  were  subjected  from  variations  in  temperature,  the  cement 
between  the  flanges  was  ground  to  powder  and  dropped  out. 


*  Marten,  op.  oil.  p.  65. 
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At  length,  what  is  called  44  the  cast-iron  tubular  oven  "  was  invented 
by  Mr.  Xeilson,  and  of  this  all  subsequent  improvements  may  bo 
regarded  merely  as  modifications.  This  apparatus  consists  essentially 
of  two  large  cylindrical  cast-iron  pipes  or  mains,  placed  horizontally, 
parallel  to,  and  at  a  certain  distance  from,  each  other.  These  mains 
are  connected  together  by  a  series  of  smaller  cylindrical  cast-iron 
pipes,  curved  semi  circularly,  and  fixed  vertically  like  syphons,  with 
the  convexity  upwards.  The  ends  of  these  so-called  arch-pipes  fit 
into  socket  openings  in  the  upper  surface  of  the  mains  respectively. 
Between  the  mains  is  a  fire-place,  of  which  the  grate  extends  under 
about  half  the  vertical  arch-pipes.  On  each  side  of  the  fire-place  the 
mains  are  imbedded  in  brickwork,  the  sockets  only  being  left  free  at 
the  top.  The  system  of  arch-pipes  is  enclosed  within  a  semicircular 
arch  of  brickwork,  having  a  fine  at  the  top  connected  with  a  chimney. 
Space  is  left  between  the  internal  surface  of  this  brick  covering  and 
the  arch-pipes,  in  order  that  these  may  bo  every  where  fully  exposed 
to  the  action  of  the  flame  or  heated  products  of  combustion  of  the  fuel. 
The  blast  from  the  blowing  engine  entered  one  of  the  mains,  and  passed 
through  the  arch-pipes  into  the  other  main,  from  which  it  was  con- 
ducted in  a  highly  heated  state  to  the  twyer.  Three  twyers  were  now 
employed,  and  each,  as  heretofore,  had  its  own  hot-blast  oven.  The 
dimensions  of  such  an  oven  were  as  follow  : — 


Diameter  of  the  mains    12  in. 

Length  of  each  main   10  ft. 

Distance  between  the  mains,  from  centre  to  centre     6  ft. 

Number  of  arch-pi|)cs    9. 

Internal  diameter  of  arch-pipe*    4  in. 

External  diameter  of  arch-pipes   7  in. 

Height  from  grate  to  underside  of  arch-pipes    4  ft.  4  in. 

Area  of  hinting  surface  per  twyer    l.r»0  ft.  square. 

Area  of  fire-grate  per  twyer  ..."   15  ft.  wpian'. 


In  this  oven  the  blast  was  heated  to  as  high  a  temperature  as  in  that 
last  described,  with  less  than  two-thirds  of  heating  surface  per  twyer, 
and  with  little  more  than  half  the  grate  area  ;  and  there  was  also  a 
smaller  consumption  of  fuel,  less  leakage,  and  greater  regularity  of 
action.  The  irregularity  of  action  occasioned  by  firing  was  much 
diminished,  as  each  oven  had  its  own  independent  grate,  and  the  evil 
of  flange  joints  was  avoided.7 

Notwithstanding  this  last  decided  advance  in  tho  way  of  improve- 
ment, it  soon  became  apparent  that  many  defects  yet  remained.  Tho 
socket  joints  would  still  occasionally  leak,  however  hard  the  cement 
might  be  rammed  in  ;  the  arch- pipes  would  crack  ;  there  was  danger 
of  overheating  these  pipes  from  carelessness  in  firing,  and  of  44  burning 
down  the  whole  apparatus  when  the  fire  was  at  all  hastened,  a  case 
which  happened  once  or  twice  ;"  the  temperature  of  the  blast  could  not 
long  be  maintained  at  600"  F.  without  great  damage  to  the  arch  pipes ; 
the  pressure  of  die  blast  was  seriously  reduced  by  friction  in  its  course 
through  these  pipes ;  and  44  owing  to  the  proximity  of  the  oven 


'  Marten,  op.  cit.  p.  67. 
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to  the  twyer-house,"  it  was  difficult  properly  to  attend  to  the  twyers, 
especially  in  summer,  when  the  workmen  were  literally  roasted,  by 
being  11  hemmed  in  on  one  side  by  the  hot  ashes  from  the  furnace  on 
drawing  the  twyer,  and  on  the  other  by  the  oven." 8 

Syphon  pijK  oven. — In  order  to  provide  against  the  evil  of  overheating, 
the  arch-pipes  were  elongated  into  syphon-shaped  pipes,  and  the  oven 
was  heated  by  the  flame  and  products  of  combustion  from  a  separate 
and  adjoining  fire-place.  The  legs,  if  I  may  so  call  them,  of  each  pipe 
approximated  closely  at  the  top,  and  were  much  wider  apart  at  the 
bottom  or  their  socket  ends.  It  is  stated  that  an  oven  of  this  construc- 
tion was  erected  by  Messrs.  Firmstone,  at  the  Lays  Iron-works,  near 
Dudley,  and  that  the  same  plan  was  put  into  operation  by  Mr.  Neilson 
at  the  Calder  Iron-works  and  elsewhere.*  One  of  these  ovens  sufficed 
to  heat  the  blast  for  three  twyers  at  the  temperature  of  600°  F.  The 
dimensions  of  Messrs.  Finnstones'  oven  were  as  under : — 


length  of  horizontal  mains   7  ft.  6  in. 

Number  of  syphon  pipes    9. 

Area  of  direct  heating  surtaee,  total   240  ft.  square. 

Do.  do.  iM>r  twyer    80  ft  square. 

Area  of  fire-grate,  total  ."   0  ft.  square. 

Do.  per  twyer    3  ft.  square. 


This  kind  of  oven  was  extensively  adopted,  and  answered  well ;  but 
fracture  of  the  syphon  pipes  and  leakage  of  joints  still  continued, 
though  to  a  less  extent  than  previously.  The  syphon  pipes  in  Messrs. 
Finnstones'  oven  were  not  circular,  but  oval  in  bore.  This  form,  it  is 
evident,  presents  a  greater  heating  surface  for  a  given  volume  of  blast 
than  a  circular  one,  and  in  so  far  is  an  improvement. 

Mr.  Marten  specifies  the  following  dimensions  for  what  he  terms 
the  44  improved  Staffordshire  oven  — 


Length  insido  casing  (i.e  of  brickwork;    10  ft. 

Breadth  do   7  ft.  0  in. 

Number  of  syphon  pipes   10. 

Area  of  heating  surface,  total   700  ft.  square. 

Do.  do.       per  twyer    175  ft.  square. 

Area  of  firo-grate,  tohd   35  ft.  square. 

Do.  per  twyt  r    Q  ft.  square. 


The  legs  of  the  pipes  are  cast  thicker  on  the  inside,  where  the}'  are 
exposed  to  the  strongest  heat.  By  means  of  a  stop  in  the  centre  of  the 
influx  main,  the  blast  passes  up  half  of  the  series  of  syphon  pipes  into 
the  opposite  main,  and  from  thence  up  the  other  half  of  this  series 
back  into  the  corresponding  half  of  the  first  main,  from  which  it  is 
conveyed  to  the  twyers.  An  oven  of  the  above  description  may  virtu- 
ally be  regarded  as  consisting  of  two  ovens,  joined,  as  it  is  termed, 
44  end  on." 

The  cracking  of  the  pipes,  previously  adverted  to,  in  jovens  with 
fixed  mains  occurs  chiefly  at  the  top  or  convex  side,  and  the  cause, 
which  now  seems  obvious  enough,  was  not  discovered  for  a  considerable 
time.    As  the  legs  of  the  syphon  pipes  are  set  in  those  fixed  mains, 

*  Marten, ftp.  <it.  p.  OS.  »  Ibid.  p.  09. 
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they  cannot,  when  heated  even  to  the  same  degree,  expand  equally 
above  aud  below. 

In  consequence  of  this,  they  would  tend  to  become  more  divergent 
upwards,  and  necessarily  bo  liable  to  crack  at  the  convexity.  This 
defect  was  subsequently  remedied  to  a  certain  extent  by  supporting 
one  of  the  mains  on  cast-iron  saddles  or  rollers,  whereby  it  acquired 
freedom  of  motion,  so  as  to  allow  the  legs  of  the  pipes  to  expand  below 
as  well  as  above.  Spherical  balls  of  cast-iron  have  been  successfully 
employed  for  this  purpose.  It  is  found  that  with  such  an  arrangement 
the  loose  main  changed  its  position  to  the  extent  even  of  2  in.  ;  and, 
accordingly,  advantage  has  been  taken  of  this  to  construct  a  pyrometer, 
whereby  the  temperature  of  the  blast  may  be  at  all  times  approximately 
known,  without  the  necessity  of  resorting  to  the  rough  and  common 
practice  of  making  a  special  experiment  to  ascertain  whether  it  will 
melt  lead.  The  pyrometrie  apparatus  required  is  of  the  simplest  kind, 
and  is  sufficiently  exact  for  practical  purposes.  It  is  fixed  outside  the 
oven,  and  consists  of  an  index  or  lever,  working  on  a  horizontal  axis, 
one  arm  being  very  short  and  attached  to  the  outer  side  of  the  main. 
Any  motion,  therefore,  communicated  to  this  arm  by  a  change  of 
position  in  the  main  will  be  rendered  extremely  sensible  by  the  motion 
of  the  point  of  the  long  arm  or  index.  Experiments  will  be  needed  at 
first  to  determine  the  temperatures  corresponding  to  the  position  of 
the  index.  In  reference  to  the  subject  of  pyrometers,  Mr.  Marten  has 
expressed  to  mo  his  high  opinion  of  those  made  by  Gauntlett,  of 
Middlesboro'-on-Tees,  which  are  constructed  on  the  principle  of  the 
differential  expansion  of  rods  or  tubes  of  brass  and  iron.  Ho  has  used 
them  for  nearly  six  years,  and  found  them  for  all  practical  purposes 
apparently  as  good  as  new. 

Attempts  have  been  made  to  communicate  the  motion  of  the  looso 
main  to  the  dampers  of  the  oven  by  lever  arrangements,  so  that  tho 
temperature  of  the  oven  may  be  thereby  regulated.  Tho  mechanism 
adapted  for  this  object  would  naturally  suggest  itself  to  any  person  of 
ordinary  mechanical  skill. 

But  the  remedy  adopted  to  counteract  tho  evil  due  to  fixed  mains 
created  another  evil ;  and  now  it  was  found  that,  although  fractures 
were  less  frequent  than  previously,  yet  they  nevertheless  occurred  ; 
not  on  the  convex  side,  as  before,  but  on  the  concave  or  under  side. 
According  to  Mr.  Marten,  "  this  was  accounted  for  by  the  fact  that  tho 
strain  in  pushing  out  the  looso  main  was  comparatively  easy  to  bo 
borne,  being  distributed  over  the  long  bend  of  tho  top  side  of  tho 
crown ;  but  the  underside  of  tho  bend  was  of  the  weakest  form  for 
pulling  back  the  heavy  loose  main  on  a  reduction  of  temperature, 
especially  when  the  rollers  had  become  clogged  with  an  accumulation 
of  indurated  dust  and  clinker,  as  was  frequently  the  case." 1 

In  order  to  obviate  this  new  defect  the  loose  main  was  abandoned, 
and  the  legs  of  the  syphon  pipes  were  mad<«  parallel,  and  not  con- 
vergent upwards,  the  curve  at  the  top  being  semicircular.  The  section 
of  these  pipes  was  a  long  rectangle  with  tho  angles  rounded  off, 
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thus  forming,  as  it  were,  a  flattened  ellipse.  They  are  set  in  the 
mains  with  their  narrow  sides  towards  the  fire.  These  pipes  are 
stated  to  answer  admirably,  and  they  are  not  apt  to  crack  in  any 
part  of  the  semicircular  arch,  the  strain  on  expansion  being  distri- 
buted over  such  a  length  of  circumference  as  to  enable  the  metal  to 
stand.* 

I  present  engravings  of  a  double  syphon  pipe  oven,  erected  at  the 
New  British  Iron  Company's  Works,  Corngrcaves,  by  Mr.  Kenyon 
Blackwell,  to  whom  I  am  indebted  for  the  drawings  from  which  these 
engravings  have  been  executed.  It  is  fired  with  coal,  and  is  reported 
to  work  extremely  well  in  every  respect.  Each  of  the  mains,  it  will 
Jao  perceived,  is  moveable  on  cast-iron  balls  placed  underneath. 
Details  of  every  part  of  the  oven  will  be  found  in  the  accompanying 
engravings,  figs.  58  to  62  inclusive,  which,  it  is  apprehended,  will  be 
sufficiently  intelligible  without  further  description. 

liox-foot  jripc  oven. — The  horizontal  mains  are  replaced  by  a  conti- 
nuous  series  of  cast-iron  boxes,  each  of  which  has  two  sockets  on  the 
top.  The  heating  pipes  are  syphon  shaped,  with  parallel  instead  of 
diverging  legs.  Thoy  are  set  vertically,  or,  as  it  is  termed,  footed,  in 
the  sockets  of  the  cast-iron  boxes  abovementioned,  the  legs  of  each 
pipo  fitting  into  the  respective  sockets  of  two  contiguous  boxes.  The 
blast  passed  up  one  leg  of  a  pipe  and  down  the  other,  and  so  on  conse- 
cutively through  the  system.  I  saw  this  arrangement  at  the  Ystaly- 
fera  furnaces  in  1 848 ;  the  ovens  were  heated  by  the  waste  gas  of  the 
furnaces,  as  previously  described.  Ovens  of  the  same  construction 
wero  erected  in  North  Staffordshire.  According  to  Mr.  Marten,  the 
friction  proved  to  be  so  great  as  considerably  to  reduce  the  pressure  of 
the  blast,  and  in  consequence  they  wero  never  extensively  adopted. 


Fig.  &H.  Horizontal  Mvtli»n  of  lh««  CoriigriMves  oven  above  U*  top  <>f  die  p-i  -  -. 
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Spiral  pipe  oven. — The  apparatus  consists  of  a  long  spiral  of  cast-iron 
pipes,  circular  in  bore,  connected  with  each  other  by  cemented  socket 
joints,  fixed  with  the  axis  horizontal,  and  sufficient  space  being  left 
between  the  coils  to  allow  of  their  being  uniformly  heated.  The 
waste  gas  of  the  blast  furnace  is  used  as  the  fuel.  1  have  Keen  this 
arrangement  in  operation  at  the  Ebbw  Vale  Iron-works,  and  my  friend, 
Mr.  Adams,  the  manager,  informed  me  that  it  worked  well,  heating 
the  blast  regularly,  but  occupied  much  space,  which  is  not  a  matter 
of  consideration  at  many  iron-works.    As,  however,  the  bla*>t  has  to 
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V\%.  it.  Ixmgttudlnal  section  of  the  Comgrraves  uvea  through  centre  look'ng  outward*. 

travel  at  a  high  velocity  through  one  continuous  pipe,  there  must  ne- 
cessarily be  a  considerable  amount  of  friction,  not  withstanding  the 
absence  of  angles,  etc. 

Ovens  having  a  spiral  pipe 
fixed  with  the  axis  vertical 
have  also  been  tried,  and,  I 
believe,  with  favourable  results. 
In  such  an  arrangement  it  is 
obviously  necessary  to  inter- 
pose adequate  supports  between 
the  coils. 

Piix-icitfiin-pijte  oven*  —  The 
apj>aratus  consists  of  two 
straight  cast  iron  pipes,  cir- 
cular in  bore,  fixed  horizontally 
one  above  the  other,  each  being 
enclosed  within  a  distinct  brick 
chamber,  and  with  a  fireplace 
under  the  lower  pipe,  but  sepa- 
rated from  it  by  an  arched  roof   rig.  so 


Crosa  section  on  the  line  A  D,  fig.  69. 
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with  a  succession  of  openings  in  it  to  serve  as  flues.  These  pipes 
were  connected  together  at  one  end,  and  contained  another  system 
of  cast-iron  pipes  also  circular  in  bore,  placed  axially,  and  so  much 
less  in  diameter  as  to  leave  a  considerable  annular  space  between 
them  and  the  outer  pipes.  The  whole  was  suitably  enclosed  in  brick- 
work with  an  arched  roof.  The  blast  entered  the  upper  small  pipe,  and 
passed  into  the  annular  space  at  the  opposite  end,  whence  it  proceeded 


Kig.  61.  H.ui  of  top  of  a  pair  of  the  Corogrea ve*  oven*. 


into  the  lower  small  pipe,  and,  similarly,  at  the  other  end  entered  the 
second  annular  spaco,  finally  escaping  through  a  contracted  opening 
into  a  twyer.  An  oven  on  this  principle  was  erected  at  the  Codnor 
Park  Iron-works,  Derbyshire,  in  18:50.  Tho  evil  of  flanged  joints 
existed  in  this  oven,  and  the  friction  was  great.  There  was  one  such 
oven  to  each  twyer,  and  the  temperature  of  the  blast  was  lower  than 
in  Neilson's  oven  with  arched  pipes.4 

Oven  icith  vertical  horse-shoe  shaped  mains. — At  each  end  of  the  oven 
was  fixed  vertically  a  cast-iron  main,  circular  in  bore  and  curved  like 
a  horseshoe,  except  that  the  legs  were  parallel  and  did  not  converge 
below.  These  were  connected  by  a  series  of  cast-iron  pipes,  also 
circular  in  bore,  placed  horizontally  and  parallel  to  each  other,  and 
fitted  into  socket  joints  in  the  mains.  The  whole,  of  course,  was 
enclosed  in  brickwork,  and  tho  fire-place  was  at  one  end,  not  under- 
neath. An  oven  of  this  kind  was  constructed  at  the  Monkland  Iron- 
works, near  Airdrie.  It  proved  a  comparative  failure,  and  it  was 
liable  to  tho  "  serious  objection  that,  in  the  event  of  one  pipe  becoming 
burnt  or  damaged,  either  the  sockets  must  be  stopped  up  at  each  end, 


4  Marten,  op.  cit.  p.  71. 
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or  the  whole  apparatus  taken  down  to  insert  a  single  new  pipe."5  In- 
terest, however,  attaches  to  this  oven,  as  it  is  stated  to  have  been  the 
first  in  which  a  curved  main  was  employed. 


Fig.  63.  Side  elevation  in  partial  96011011  of  the  Ulaiim  oven. 

Gas-oven. — The-  waste  gas  of  the  blast-furnaces  is  employed  as  fuel. 
The  oven  which  I  have  selected  for  description  is  one  of  those  in 
operation  at  the  Blaina  Iron- works,  and  for  drawings  of  which  1  am 
indebted  to  my  friend,  Mr.  Levick.  It  is  represented  in  the  accom- 
panying engravings.  Fig.  03,  side-elevation,  showing  partial  vertical 
section  of  tho  interior  on  the  median  lino.  Fig.  04  b,  horizontal  section 
on  the  line  A  B,  fig.  G3.  Fig.  04,  end  elevation.  Fig.  04  a,  vertical 
cross  section.  It  consists  of  a  rectangular  brick  chamber,  of  which  the 
walls  are  vertical  for  a  short  distance  from  the  floor,  and  then  incline 
slightly  inwards  to  the  top  (see  fig.  04  «,  d,  <l),  where  they  are  covered  in 
by  an  arched  roof,  in  which  is  a  very  low  chimney.   The  lower  part  of 
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Fig.  C4.      Frnnt  end  elevation  of  the 
Hlaina  oven. 
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Fig.  61a.       Vertical  cross  arctlun  of 
the  Blalna  oven. 


this  chamber  if  divided  longitudinally  by  the  wall,  b,  into  two  eqti.il 
spaces.  One  of  these  spaces  is  covered  at  the  top  by  a  flat  wall  of 
fire  slabs  a,  while  the  other  space  is  left  open.  In  t lie  wall  </,  are 
three  circular  openings  e*,  e,  e ;  and  in  the  wall  6,  there  are  also  three 
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Horizontal  section  of  Blaiou  oven  on  Lhe  line  A  U,  tig.  63. 
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similar  ami  corresponding  openings  c,  c,  c.  The  hot-blast  apparatus 
consists  of  a  single  row  of  syphon -shaped  cast  iron  pipes,  of  which  the 
lx>re  is  rectangular  and  the  legs  are  vertical.  The  legs  are  fitted  by 
socket-joints  into  cast-iron  foot-boxes.  The  gas  enters  where  indicated 
in  figs.  M  and  <»4  into  a  small  rectangular  brick  ante-chamber,  whence 
it  passes  into  the  lower  covered  compartment  of  the  oven  on  the  right- 
hand  side,  and  from  thence  partly  upwards  through  the  apertures 
c,  e,  e,  and  partly  to  the  left  through  the  apertures  c,  c,  c,  in  the  wall  b. 
As  it  enters  it  is  met  by  a  current  of  atmospheric  air  admitted  through 
vertical  slits  in  the  door  g.  In  order  to  secure  constant  ignition,  there 
is  a  small  box  t,  containing  burning  coal,  on  the  outside  at  the  bottom 
of  tho  ante-chamber,  into  which  the  flame  of  this  coal  passes.  Imme- 
diately al>ove  the  door  g,  is  a  horizontal  slide  valve  A,  by  means  of 
which  tho  admission  of  the  gas  is  regulated.  Cold-blast  passes  into 
one  end  of  the  row  of  syphon-pipes,  as  shown  in  figs.  63  and  64,  and 
escapes  at  tho  other  end,  as  shown  in  fig.  6\'J.  Tho  whole  structure  is 
firmly  braced  with  castings  and  wrought-iron  tie-rods.  These  stoves 
work  admirably.  A  high  temperature  is  readily  obtained  in  them  ;  and 
it  is,  moreover,  remarkably  equable  in  every  part,  and  may  be  regu- 
lated to  a  nicety.  Tho  labour  of  stoking  is  avoided,  and  very  little 
attention  is  necessary.  At  lUaina  I  observed  that  one  old  man  sufficed 
to  attend  to  all  the  hot-blast  ovens.  Care,  however,  must  be  taken  to 
keep  up  tho  small  tire  in  t;  for,  otherwise,  in  tho  event  of  accidental 
extinction  of  the  gas,  an  explosion  might  take  place  on  re-ignition. 
Special  precautions  are  also  needed  in  setting  the  oven  to  work.  It 
should  in  tho  first  instance  be  thoroughly  filled  with  gas  before  the 
latter  is  ignited.  If  this  be  neglected,  an  explosion  may  result.  I 
witnessed  an  explosion  from  this  cause  at  the  Dowlais  Iron-works,  of 
which  the  effect  was  to  blow  out  one  of  the  end  walls  of  the  oven. 

In  another  of  these  hot-blast  gas-ovens,  or  as  they  are  generally  termed 
in  Wales  stoves,  the  row  of  syphon-pipes  was  suspended  from  cast-iron 
framework  at  the  upper  part  of  tho  stove.  (An  engraving  of  this 
arrangement  will  be  given  hereafter  under  tho  head  of  Puddling.) 

At  Hlaina  and  Ebbw  Yale  I  saw  tho  application  of  the  waste-gas  of 
tho  blast-furnaces  carried  out  apparently  to  perfection.  I  have  never 
witnessed  any  metallurgical  operation  with  more  pleasure  than  that  of 
those  hot-blast  stoves ;  and  I  have  felt  no  small  degree  of  commiseration 
lor  ironmasters  who  still  pursue  tho  old  plan  of  using  solid  fuel,  such 
as  coal-slack,  however  cheaply  it  may  be  obtained.  Mr.  Levick,  of  the 
Blaina  Iron-works,  assures  me  that  tho  saving  etYected  at  his  works  by 
the  application  of  the  waste  gas  of  the  blast-furnaces  to  the  heating  of 
the  hot-blast  ovens  and  steam-boilers,  is  equivalent  to  «300  tons  of  coal 
a  week. 

Round  oven. — All  tho  ovens  hitherto  considered  are  rectangular  in 
horizontal  section ;  but  that  now  to  be  described  is  circular ;  and  in 
other  respects  the  construction  is  essentially  different.  An  oven  of 
this  kind  in  use  at  tho  Russell's  Hall  Furnaces,  near  Dudley,  is  repre- 
sented in  the  accompanying  engi-avings  (figs.  6o  to  72  inclusive), 
which  have  been  executed  from  drawings  prepared  under  the  direc- 
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tion  of  my  friend,  Mr.  George  Shaw,  of  Birmingham.  The  main  in  of 
cast-iron,  circular,  and  cast  in  two  semicircular  portions.  It  is  not,  as 
heretofore,  cylindrical,  but  trapezoidal,  the  bottom,  which  is  widest, 
and  the  top  being  parallel  to  each  other.  It  is  divided  by  a  vertical 
septum  along  its  whole  course  into  two  equal  and  similar  spaces,  «,  b. 
On  its  upper  and  smaller  parallel  side  are  two  series  of  socket  pieces 
to  receive  the  lower  ends  of  the  heating  pipes,  as  shown  in  fig.  6f>.»  Each 
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pair  of  heating  pipes,  which  are  of  cant-iron,  is  cast  in  one  piece.  The 
main  rests  on  a  solid  platform  of  brickwork  immediately  over  the  fire. 
The  whole  heating  apparatus  is  enclosed  within  a  cylindrical  chamber 
of  brickwork.    The  flame  and  products  of  combust  ion  ascend  through  a 


Fig.  67.  Horizontal  section  of  round  oven,  showing         Fig.  64.  Horizontal  section  of  round  oven  on  tbc 
plan  of  the  flues  at  tlic  top.  line  C  C,  Fig.  66. 


Fig.  69.  Horizontal  section  of  round  oven  on  the  Yin.  "0.    Horizontal  section  of  round  oven  on  Uic 

line  AA.  Fig.  66.  line  Dl>,  Fig.  66. 


Fig.  71.    HuilzouUI  section  <>f  v..»ind  ..vcn  ou     Fig.  72.  Vertical  section  of  ruiuid oven  through  the  centre 
ti>c  line  II  II,  Fig.  66.  <'l  the  lire-pluce  In  the  direction  of  the  grate-l«r». 
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circular  opening,  as  shown  in  fig.  72.  The  central  space  within  the 
pipes  is  left  vacant.  This  space  is  covered  in  at  the  top  by  a  brick 
arch,  above  which  is  a  conical  dome,  having  a  short  chimney  at  the 
snnnnit.  Around  the  circumference  below  the  lower  arch  is  a  series  of 
flues,  communicating  with  the  space  included  between  the  exterior  of 
this  arch  and  the  interior  of  the  dome  :  see  fig.  66.  Cold-blast  enters 
where  shown  in  figs.  65,  71,  through  two  mouth  pieces,  into  the 
outer  division  of  the  main  a,  a,  as  far  its  the  stops,  as  shown  in  fig.  71. 
It  ascends  through  the  outer  pipes,  and  then  down  into  one-half  of  the 
inner  division  of  the  main,  fig.  71,  />,  b.  It  again  ascends  from  the 
other  half  b',  b\  and  again  descends  into  the  divisions  c,  c,  of  the  outer 
main  beyond  the  stops.  Hence  it  escapes  by  two  mouth-pieces, 
which  become  united  into  one  pipe.  The  whole  structure  is  firmly 
braced  with  iron  hoops.  A  careful  inspection  of  the  engravings  will 
render  plain  and  intelligible  what  may  have  been  left  obscure  in  tho 
preceding  description. 

A  few  special  details  concerning  the  pipes  may  be  desirable.  Hie 
dimensions  here  given  are  from  my  own  measurement.  It  will  be 
perceived  in  fig.  6l>,  that  in  each  pair  of  pipes,  the  space  between  them 
near  the  top  is  cast  solid,  so  that  the  surface  at  this  end  is  in  the  form 
of  a  rectangle  with  the  angles  rounded  off,  15  in.  long  by  8  in.  broad. 
On  this  surface  there  are  two  circular  holes,  2J  in.  in  diameter,  of 
which  the  centres  are  on  the  prolonged  axes  of  tho  pipes  respectively, 
and  which  are  purposely  left  in  the  casting  in  order  to  facilitate  tho 
withdrawal  of  the  sand-cores  of  the  pipes  :  they  are  afterwards  plugged 
up  with  imn.  Tho  length  of  a  pair  of  pipes  was  11  ft.  10i  in.;  the 
diameter  externally  of  each  pipe  was  8  in.,  and  that  of  the  bore  4  in., 
so  that  the  thickness  was  2  in.,  whereas  I  was  informed  it  should  only 
have  been  \  \  in. ;  but  according  to  Mr.  Marten,  the  best  thickness  is 
1  in.  The  surface  extending  along  the  junction  of  the  pipes  of  each 
pair,  from  the  solid  portion  at  the  top  to  within  a  short  distance  from 
the  bottom,  was  flat,  and  2  in.  in  width.  At  8  in.  from  the  bottom 
each  pipe  tapered  off  downwards,  and  at  the  bottom  the  imn  was 
reduced  to  \  in.  or  j  in.  in  thickness  ;  tho  lower  ends  lwcamc  entirely 
separate  at  4i  in.  from  tho  bottom.  Tho  lower  ends  or  feet  thus 
tapered  off  spigot  fashion,  were  fitted  into  the  sockets  of  the  main  by 
iron  cement  as  usual.  On  the  sides  of  each  of  the  pipes  composing  a 
pair  three  circular  snugs  were  cast  on,  and  there  was  another  similar 
one  in  the  centre  of  the  solid  part  at  tho  top.  By  means  of  these  snugs 
the  pipes  when  sot  in  tho  mains  are  kept  firm  and  apart. 

The  merit  of  the  invention  of  this  oven  is  assigned  by  Mr.  Marten  to 
Mr.  Martin  Baldwin,  of  Bilston,  South  Staffordshire,  who  erected  the  first 
oven  of  the  kind  in  1851.  Experience  has  now  fully  established  it*  ex- 
cellence in  the  following  respects: — Tho  socket-joints  of  the  pipes  are 
not  disturbed  either  by  the  expansion  and  contraction  of  the  main,  or  of 
the  pipes  themselves,  whereby  leakage  is  prevented  ;  and  the  pipes  are 
not  liable  to  fracture  or  to  burn  down.  With  respect  to  freedom  from 
fracture  or  leakage  of  joints,  Mr.  Marten  pronounces  this  oven  to  be 
"  vei7  greatly  superior  to  any  others  ;"  and  he  states  from  his  own  per- 
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Section  of  flue,  flg.  75. 


Mr.  74.      Horizontal  Section  of  round  box  foot  oveu  on  the  line  K  F,  fig.  73. 
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sonal  .experience,  that 
out  of  nearly  400  of 
these  joints  which  had 
been  under  his  dailv 
inspection  at  his  own 
works,  and  some  of 
which  had  been  made 
upwards  of  five  years, 
not  one  had  failed  or  had 
to  be  remade.  But  in 
heating  power  this  oven 
is  not  superior  to  some 
other  kinds.  In  the 
oven  represented  in  the 
accompanying  engrav- 
ings there  are  several 
improvements  over  that 
ftrst  erected  by  Mr. 
Baldwin,  especially  the 
circumferential  arrange- 
ment of  the  flues  at  the 
top,  whereby  the  heat 
w  more  equably  and 
more  effectively " distri- 
buted. 

It  occurred  to  Mr. 
Marten  that  it  might  be 
desirable  to  fill  up  a 
certain  amount  of  the  va- 
cant central  space  of  the 
round  oven  with  a  cy- 
lindrical core  of  brick- 
work ;  and,  accordingly, 
at  his  suggestion,  such 
an  oven  was  erected  in 
1357  at  Messrs.  A  life- 
rs Iron- works  in  tho 
Forest  of  Dean.  This 
modification.  Mr.  Marten 
states,  was  found  to  be 
a  valuable  improve- 
ment,  "increasing  the 
heating  capacity  of  the 
round  oven  to  the  ex- 
tent of  one- third  with  a 
smaller  consumption  of 
"lei  ;M  in  affording  a 
greater  amount  of  re- 
verberating  surface ;  in 


Kig.  76.       Vertical  Section  of  runrx!  Nix-fool  oven  on  tl>e  line 

C  l»,  Mr.  76. 


Kig.  76.      Horizontal  Section  of  round  bux<4oot  oven  on  the  line 

(3  II.  tig.  75. 
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rendering  tho  temperature  more  uniform,  the  heated  core  forming,  as  it 
were,  a  reservoir  of  heat ;  and  in  causing  a  much  larger  amount  of  the 
products  of  combustion  to  come  into  contact  with  the  pipes.*  The  area 
of  fire  grate  in  this  oven  was  38  ft.  square,  and  the  area  of  direct 
heating  surface  of  the  pipes  850  ft.  square,  or  280  ft.  square  per  twyer 
for  3  twyers;  and  it  was  capable  uf  heating  the  blast  for  3  twyers  to 
800°  F. 

Mr.  Marten  informs  me  (June  2nd,  1803)  that,  since  the  publication 
of  his  paper,  he  hiis  constructed  an  oven  with  the  following  deviations 
from  the  round  oven  above  described.  The  semicircular  mains  are 
separated  completely  from  each  other  by  the  interposition  of  a  central 
core  of  brickwork,  which  divides  tho  oven  into  two  distinct  chambers, 
thus  forming  in  reality  two  ovens.  There  are  two  corresponding  fire- 
places, with  fireholes  on  tho  same  side. 

Hound  box-foot  oven. — An  oven  of  this  kind  has  been  erected  by 
Messrs.  Perry  and  Sons,  of  High  fields  Foundry,  near  Bilston,  South 
Staffordshire,  for  tho  Barber's  Field  Iron  Company,  Bilston.  I  am 
indebted  to  Mr.  Marten  for  the  drawings  from  which  the  accompanying 
engravings  of  this  oven  have  been  executed.  Fig.  73  is  a  vertical 
section  on  the  lino  A  B,  fig.  74.  Fig.  74  is  a  horizontal  section  on  the 
line  E  F,  fig.  73.  Fig.  75  is  a  vertical  section  on  the  line  C  D,  fig.  70. 
Fig.  70  is  a  horizontal  section  on  the  lino  G  H,  fig.  75.  It  consists,  as 
will  be  perceived,  of  a  single  circular  row  of  cylindrical  cast-iron 
pipes,  set  vertically  in  box-feet  arranged  in  a  circle.  The  pipes  are 
cast  together  in  pairs,  and  each  pipe  is  entirely  separate  from  ite 
fellow,  being  united  only  by  a  cross  pipe  at  tho  top,  and  a  junction 
piece  towards  the  lower  part,  Siamese  twins  fashion.  There  are  two 
fire  holes  opposite  each  other,  and  one  fireplace  which  communicates 
with  tho  heating  chamber  above  by  a  largo  central  circular  opening, 
and  four  openings  or  flues,  with  sliding  dampers,  communicating  with 
the  space  between  tho  exterior  of  the  pipes  and  the  interior  uf  the 
chamber,  fig.  74,  n,  a,  a,  a.  Immediately  above  each  damper  is  a  sight- 
hole,  fig.  74,  ft,  ft,  ft,  ft,  whereby  the  interior  of  the  oven  may  be  in- 
spected ;  and  there  are  also  similar  sight-holes  near  the  top,  fig.  75. 
ft',  ft'.  The  box-feet  arc  clamped  together  with  wrought-iron  links, 
embracing  snugs  on  tho  upper  contiguous  portions  of  the  box-feet :  see 
fig.  74.  This  oven  is  so  constructed  as  to  admit  of  being  fired  either 
with  coal  or  the  waste  gas  of  tho  blast-furnaces.  The  descriptions  of 
ovens,  which  have  been  previously  given,  and  the  illustrative  engrav- 
ings, render  further  explanation  superfluous. 

The  cold-blast  enters  at  one  box  foot  only,  one-half  passing  upwards 
through  the  left-hand  pipe,  and  the  other  half  through  the  right-hand 
pipe,  thus  being  split  into  two  equal  currents.  At  its  exit  at  the 
opposite  end  these  two  currents  Quito  and  escape  through  one  opening. 
The  working  of  this  oven  is  reported  to  be  very  satisfactory.  The 
repair  or  renewal  of  mains  on  the  box-foot  plan  is  more  readily 
effected  than  in  the  continuous  semicircular  main.   The  castings,  more- 
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over,  are  lighter  in  each  piece,  and  a  defective  portion  is  renewed 
at  very  little  cost.  Mr.  Marten  informs  me  thai  ovens  of  the  kind  in 
question  are  in  successful  operation  at  Messrs.  Schneider  and  Hannays 
Works,  Ulverstone. 

Mr.  Marten  thinks  it  advisable  that  thero  should  be  a  core  in  the 
central  hollow  space,  and  that  the  space  between  the  outside  of  the 
range  of  pipes  and  the  surrounding  wall  should  be  contracted.  On 
this  point  his  experience  leads  him  to  the  conclusion  that  to  obtain 
the  greatest  advantage  from  the  reverberator^'  principle,  the  inside 
casing  of  the  round  or  oval  ovens  should  not  be  more  than  f>  inches 
from  tho  back  of  the  upright  pipes ;  and  that  the  eentral  core  should 
be  at  the  same  distance  from  the  inner  side  of  the  pipes  for  a  length 
of  about  two-thirds  the  height  of  tho  pipes  from  the  top,  but  opening 
out  away  from  the  foot  of  the  pipes,  as  otherwise  they  would  soon  Ihj 
destroyed  by  the  intense  heat  there,  owing  to  tho  proximity  of  the  fire. 

Oval  oven. — Mr.  Josiah  Smith  inserted  a  straight  length  of  main 
between  the  contiguous  ends  of  each  of  the  semicircular  mains,  and  so 
was  enabled  to  increase  the  number  of  pairs  of  pipes  from  24  to  33  in 
each  oven-  This,  according  to  Mr.  Marten,  was  found  to  be  so  great 
an  improvement  on  the  ordinary  round  oven,  that  another  oval  oven 
was  erected,  in  which  tho  mains  were  further  elongated  so  as  to  receive 
36  pairs  of  pipes ;  the  area  of  fire-grate  was  also  proportionately  in- 
creased, and  a  middle  partition  wall  built  between  the  two  mains, 
whereby  the  oven  was  divided  into  two  distinct  compartments,  so  that 
one  of  these  could  be  cleaned  out  at  any  time  without  interfering  with 
the  other.7 

Subsequently,  at  tho  Psirkfield  Furnaces,  near  Wolverhampton,  an 
oven  on  the  same  principle  was  constructed,  with  tho  addition  of  a 
central  core  of  brickwork  increasing  regularly  upwards  in  diameter. 
The  area  of  fire-grate  was  56  ft.  square,  and  that  of  direct  heating 
surface  of  the  pipes  1.J50  ft.  square.  It  heated  the  blast  for  7  twyers 
to  800°  F.  Another  oven  of  this  kind  was  erected  in  18.*>H  at  the 
same  works  with  40  pairs  of  pipes,  in  which  the  area  of  fire-grate  was 
M  ft.  square,  and  that  of  direct  hoating  surface  of  tho  pipes  l,r»00  ft. 
square,  or  250  ft.  square  per  twyer  for  <»  twyers.  Such  an  oven  would 
be  capable  of  heating  tho  blast  for  10  twyers,  if  pushed  a  little  in 
the  firing.'*  These  ovens  required  good  workmanship  in  their  con- 
struction. 

In  order  to  cleanse  the  oven  without  stopping  the  blast,  small  cast- 
iron  box  frames  with  doors  were  inserted  in  the  brickwork  opposite 
the  top  flues  respectively.  With  the  same  object  small  box  frames  wero 
also  inserted  opposite  the  spaces  respectively  between  the  pipes  near 
the  socket- joints. 

Formerly  8  or  10  cwts.  of  slack  (Staffordshire  non-caking  coal  rich 
in  oxygen)  were  required  per  ton  of  pig-iron  to  heat  the  blast  to 
F. ;  whereas,  in  the  oval  oven,  5  cwts.,  or  even  4$  cwts.,  now  suffice 
per  ton  of  pig-iron  to  heat  the  blast  uniformly  to  800"  F. 


*  Op.  cit.  p.  8:*. 
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With  respect  to  the  large  oval  oven,  Mr.  Marten  wrote  to  me  as 
follows,  Juno  2nd,  1803  :— 11  We  aro  working  furnaces  now,  the  blast 
of  which  is  heated  only  with  one  large  oval  oven ;  but  the  result  of 
my  experience  is,  that  two  of  tho  small  oval  ovens  to  each  furnace  are 
better.  The  danger  of  the  large  oval  oven  is  lest  the  core,  which  over- 
hangs some  feet,  should  loosen  and  drop ;  and  besides,  where  there  are 
so  many  pipes  in  one  chamber,  there  is  greater  danger  of  their  being 
burnt  than  when  they  aro  distributed  through  more  chambers.  The  two 
small  oval  ovens  with  four  chambers  can  be  built  at  as  little  cost  as  one 
largo  oval  one.  There  is  also  this  advantage  in  working  with  two 
small  ovens  divided  into  small  separate  chambers :  in  the  event  of  any- 
thing being  wrong  with  the  oven,  one  chamber  can  be  taken  off,  which 
with  two  small  ovens  onlv  reduces  the  heating  surface  25%,  or  one 
chamber  out  of  four ;  whereas  if  dependence  is  placed  on  one  large 
oven  and  anything  is  wrong,  the  heating  surface  is  reduced  507o« 
whore  there  are  only  two  chambers." 

In  all  hot-blast  ovens,  especially  when  several  are  connected  together 
by  blast  mains,  it  is  essential  that  there  should  bo  efficient  stop-valves, 
one  at  the  cold  end  and  another  at  tho  hot  end  of  each  oven,  so  that 
any  particular  oven  mav  bo  conveniently  isolated  from  the  general 
arrangement.  Formerly  old-fashioned  disc  throttle-valves  were  em- 
ployed, which  acted  very  imperfectly,  and  which  used  occasionally  to 
stick  or  be  blown  out  of  shape,  and  so  became  leaky.  Slide  valves  are 
now  employed,  and  with  complete  success.  "  These  valves  also,"  Mr. 
Marten  remarks,  M  give  a  ready  and  simple  mode  of  testing  the  state  of 
repair  of  each  oven  from  time  to  time;  for  by  shutting  off  each  oven 
alternately  and  watching  its  effect  on  the  speed  of  the  engine,  the 
leakage  por  oven  can  be  observed  with  great  exactness.  In  large 
works,  without  such  a  means  of  detection,  leakages  to  the  extent  of 
600  or  1000  cubic  feet  of  blast  per  minuto  would  frequently  take  place 
for  months  without  any  certain  means  of  tracing  them."8  It  is,  more- 
over, essential  to  shut  off  communication  between  tho  hot-blast  mains 
and  tho  furnace,  when  the  blowing  engino  is  stopped,  in  order  to 
prevent  the  possibility  of  tho  efflux  of  the  gases  of  the  furnace  into  the 
hot-blast  apparatus,  and  which  would  subsequently  explode,  jarring 
both  the  pipes  and  their  joints. 

Theory  of  tjik  Hot-Blast. 

After  tho  positive,  oft-repeated,  and  generally  credited  statements, 
which  have  been  put  forth  concerning  tho  extraordinary  effect  of  the 
hot-blast,  in  diminishing  tho  consumption  of  fuel  in  the  smelting  of 
iron,  it  might  seem  superfluous  to  raise  any  question  as  to  the  fact,  li 
has  been  asserted  that  there  aro  more  false  facts, — a  somewhat  para- 
doxical expression, — than  false  theories  in  the  world.  'There  are,  no 
d«>ubt,  a  vast  number  of  both;  but  whether  this  numerical  relation 
between  them  be  correct,  I  will  not  venture  to  decide.    However  this 
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may  be,  the  great  economical  results  attributed  to  the  hot-blast  have 
recently  been  called  in  question  by  the  author  of  a  work,  which  in  its 
own  preface  is  pronounced  to  be  44  the  most  complete  and  practical 
treatise  on  the  metallurgy  of  iron  to  be  found  in  the  English  lan- 
guage :w — I  refer  to  that  of  the  late  Mr.  Trunin,  son  of  the  engineer  of 
the  Dowlais  Iron-works,  who,  as  previously  announced,  was  asphyxiated 
by  the  blast-furnace  gases.9  This  treatise  is  often  quoted,  espe- 
cially by  foreign  writers,  and  has,  moreover,  obtained  a  wide  circula- 
tion in  this  country,  as  may  be  inferred  from  its  having  reached  a 
second  edition.  On  this  account,  and  because,  I  believe,  it  contains 
much  fallacious  reasoning  with  not  a  few  pernicious  errors,  particularly 
with  reference  to  the  hot-blast  and  the  utilization  of  the  waste  gas  of 
the  blast-furnace,  I  shall  examine  some  of  Mr.  Truran's  doctrines  with 
more  detail  than  they  intrinsically  deserve. 

Mr.  Truran  considered  that  effects  have  been  solely  ascribed  to  tho 
hot-blast,  which  in  a  considerable  degree  are  due  to  other  causes ;  and 
that  consequently  there  has  beerr»confusion  between  tho  jxjst  hoc  and  tho 
propter  hoc,  an  error  even  now-a  days  by  no  means  of  rare  occurence. 
He  expressed  his  conviction  in  the  following  terms: — 4<The  saving  in 
fuel  and  increase  of  make  due  to  it  [hot- blast]  is  not  in  general  one- 
fourth  of  that  which  has  been  asserted  to  have  been  effected.  Some 
have  even  gone  so  far  as  to  state  that  by  the  mere  substitution  of 
heated  air  for  the  cold  air  formerly  used,  two-thirds  of  tho  coal  requisite 
for  smelting  a  ton  of  pig-iron  were  saved  at  the  Scotch  iron-works,  — 
among  others,  the  late  Mr.  Mushet.  Before  the  introduction  of  the 
hot-blast  tho  consumption  of  coal  at  tho  Clyde  Works  in  smelting  is 
stated  by  that  gentleman  to  average  7  tons  :i  cwts.  This  appears  to 
have  been  the  quantity  used  in  the  year  1797."'  An  extract  from  Mr. 
Mushet's  book  is  then  given  to  provo  that  such  was  the  fact.  For 
1  ton  of  pig-iron  the  materials  consumed  were, 

Ton*.  Cwl*.  Or*. 


Coal  for  coking   7  H  0  4 

Ironstone  raw    3  1  2  0 

Iron  ore   0  2  0  0 

Limestone   0  17  1  4 

Engine  conl,  including  coal  for  calcining    3  !♦>  0  0 


Then  follows  a  statement,  which  Mr.  Mushet  published  to  show  the 
diminished  consumption  of  fuel  at  tho  same  works  in  1839,  when  the 
hot-blast  was  in  operation.  At  that  time  the  materials  required  to 
make  1  ton  of  pig-iron  were, 

Tons,  Owl*  or*. 

Gwd   2     3  2 

Calcined  mine  [ironstone]    2     6  2 

Limestone   0    11  2 

"The  lapse  of  a  period  of  42  years,"  wrote  Mr.  Truran,  "showing 

'  "The    Iron    Manufacture  of  G rent  I  pp.  251.    The  work  is  well  illustrated 

Britain,  Theoretically  nn«l  Practically  Con-  '  with  S4  lithograph  plates,  from  drawings 

*uV-rcd."    By  W.  Trunin,  C.K.    2nd  erl.  I  by  Mr.  Trunin,  who  w:is  an  nhlo  mcchani- 

Ikvised  from  the  M.S.  of  the  late  Mr.  i  eal  draughtsman,  and  died  prematurely,  I 

Trunin,  hv  J.  Arthnr  Phillips  and  William  believe,  from  pulmonary  eon  sumption.  ' 

H.  Dorman,  C.E.    London,  18«2.     4to.  '  Op.  eit,  p.  142. 
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us  «i  reduction  of  5  tons  on  the  quantity  of  fuel  required  for  1  ton  of 
pig-iron.  This  saving  is  carried  4 at  once'  to  the  credit  of  the  hot- 
blast.  With  all  deference  to  the  acknowledged  authority  on  matters 
connected  with  iron-making  of  the  late  Mr.  Mushet,  we  must  confess 
that  in  our  opinion  the  saving  of  fuel  due  to  the  use  of  heated  air 
would  be  more  nearly  represented  by  5  cwts.  than  5  tons.  For  if 
we  are  to  attribute  the  whole  of  this  saving  to  the  hot  blast,  we 
must  also  maintain  that  in  the  42  years  between  1797  and  1839,  with 
the  exception  of  this  singlo  improvement,  the  iron-manufacture  re- 
mained stationary.  But  we  know  that  this  was  not  the  case,  for 
during  that  period  very  great  improvements  were  made  in  the  pre- 
paration of  the  fuel  and  ironstone,  as  also  in  the  furnaces  and  blowing 
engines." 

Now,  it  is  well  known  that  the  metallurgic  arte  have  remained 
stationary  during  long  periods,  and  this  is  specially  true  of  the 
smelting  and  manufacture  of  iron,  as  will  be  fully  established  in  the 
course  of  this  work.  Tho  assumption,  therefore,  which  Mr.  Truran 
regarded  as  involved  in  the  preceding  statements  of  Mr.  Mushet  goes 
for  nothing.  But,  supposing  otherwise,  no  assumption  of  this  kind  can 
countervail  a  well-grounded  positive  statement.  What  is  the  fact  ? 
I  have  already  answered  the  question  by  stating  on  evidence,  the 
accuracy  of  which  there  is  not  the  slightest  reason  to  doubt,  that  during 
tho  first  six  months  of  the  yoar  1829,  when  cold-blast  was  exclusively* 
used  at  the  Clyde  Iron-works,  the  coke  from  8  tons  \\  cwt.  of  coal  was 
required  to  produce  1  ton  of  pig-iron;  and  that  during  the  first  six 
months  of  tho  following  year,  by  the  use  of  blast  heated  only  to 
3U(T  F.,  all  other  conditions  being  similar,  tho  amount  required  to 
produce  1  ton  of  pig-iron  was  reduced  to  5  tons  3J-  cwts.  It  would  be 
superfluous  to  repeat  the  additional  evidence  afterwards  obtained  at 
the  same  works  in  favour  of  the  saving  of  fuel  effected  by  the  hot-blast. 
It  is  surprising  that  Mr.  Truran  should  have  so  completely  neglected 
or  ignored  such  positive  information  as  this  ;  and  equally  so  that  tho 
posthumous  edition  of  his  treatise  should  have  been  reprinted  without 
even  a  comment  on  the  subject. 

Mr.  Truran  appealed  to  tho  experience  of  the  Dowlais  Iron-works  in 
corroboration  of  his  views.  In  1791  the  consumption  of  materials  at 
these  works  to  produce  1  ton  of  pig-iron  is  stated  to  have  been, 


In  1831  the  consumption  of  materials  at  the  Dowlais  Works  in 
making  1  ton  of  foundry*  pig-iron  with  cold-blast  is  stated  to  have 
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Hence,  Mr.  Tniran  concluded  that  the  improvements  in  smelting  at 
the  Dowlais  Works  during  40  years  were  such,  that  while  still  using 
cold-blast,  there  had  been  a  reduction  of  $  of  the  quantity  of  coal 
needed  to  produce  1  ton  of  pig-iron ;  and  that,  consequently,  41  other 
causes  besides  the  use  of  a  heated  blast  have  shared  in  producing  this 
remarkable  saving  of  fuel." 

W  ithout  disputing  the  correctness  of  the  foregoing  data,  or  the  con- 
clusion that  owing  to  improvements  in  the  furnaces,  etc.,  at  Dowlais 
and  in  the  mode  of  working  them  considerable  saving  of  fuel  might 
have  been  effected,  still  it  by  no  means  follows  that  similar  progress 
should  have  been  made  in  Scotland.  Indeed,  as  we  have  seen,  there 
is  direct  positive  evidence  to  the  contrary.  Hut  one  very  important 
point  should  be  borne  in  mind,  namely,  that  at  the  Clyde  Iron-works 
the  experiments  which  first  established  the  value  of  the  hot  blast  were 
made  under  conditions  exactly  comparable  ;  whereas,  the  conditions  in 
1701  and  1831  at  the  Dowlais  Iron-works  must  have  been  widely  dissi- 
milar on  Mr.  Trunin's  own  showing. 

Mr.  Truran  seems  entirely  to  have  disregarded  the  great  difference 
in  the  quality  of  the  coal  used  at  the  Dowlais  and  Clyde  Iron-works 
respectively;  a  difference  which  has  been  fully  explained  in  the  First 
Part  of  this  work,  and  the  importance  of  which  will  be  immediately 
appreciated  wrhen  the  composition  of  these  two  kinds  of  coal  is  re- 
membered. 

It  might  surely  have  been  imagined  that  the  Scotch  ironmasters  . 
would  not  have  been  such  incompetent  observers  and  shallow  reasoners, 
as  to  have  been  so  grossly  misled  in  their  estimate  of  the  value  of  the 
hot-blast  in  saving  fuel,  as  Mr.  Truran  seems  to  have  believed.  The 
Messrs.  Haird  would  hardly  have  incurred  the  heavy  expenditure  of 
the  peat  Neilson  trial,  unless  they  had  been  thoroughly  convinced  by 
ample  experience  that  the  action  was  worth  defending.  With  regard 
to  presumptive  proof,  at  least,  in  favour  of  the  advantage  of  the  hot- 
blast,  it  is  impossible  to  conceive  any  thing  stronger  than  the  course 
which  they  pursued. 

In  Swedish  blast-furnaces,  working  with  charcoal  and  lako  and  bog 
iron-ores  on  hot-blast,  at  about  360°  C,  and  producing  very  grey  iron,  or, 
as  it  is  termed,  foundry  iron,  the  average  saVing  of  fuel  is  estimated  at 
33  7£,  compared  with  similar  furnaces  supplied  with  the  same  materials, 
and  working  on  cold-blast,  but  yielding  pig-iron  less  grey  and  of  better 
quality.*  In  furnaces  working  with  mountain  ores  on  hot-blast  at 
200*  C,  and  yielding  mottled  pig-iron,  the  estimated  saving  of  char- 
coal is  20%.  By  way  of  illustration  I  introduce  the  following  actual 
details  of  working  which  have  been  published  by  Mr.  Sandberg,  under 
the  authority  of  the  Hoard  of  Swedish  Ironmasters.  In  1858  hot-blast, 
at  about  350°  C,  was  first  applied  at  the  Storebro  furnace  in  Snmland, 
under  the  management  of  Mr.  Sandberg.  and  working  with  lake  and 
bog  ores  on  foundry  iron,  when,  for  a  given  weight  of  pig-iron,  the 
volume  of  charcoal  was  reduced  on  the  average  from  17*8  to  1 10, 
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which  is  about  33%*  At  about  the  same  period,  in  the  Ankarsrura 
furnace,  also  in  Smaland,  hot-blast  at  2003  C,  which  had  previously 
been  in  operation  during  several  months,  was  replaced  by  cold-blast, 
on  account  of  repairs  being  required  in  the  heating  apparatus,  or 
some  other  contingency.  Mottled  pig-iron  was  made  at  this  furnace 
from  mountain  ores.  After  this  change,  in  order  to  produce  the  same 
description  of  pig-iron,  a  reduction  of  20%  in  the  weight  of  the  ore, 
relatively  to  the  charge  of  fuel,  became  necessary,  or,  in  other  words, 
the  same  volume  of  charcoal  smelted  ±  less  ore. 

With  regard  to  make,  Mr.  Truran  admits  that  there  was  an  increase 
due  to  hot-blast,  44  but  not  more  than  10%."*  And  in  support  of  this 
he  compares  the  yields  of  various  hot  and  cold  blast  furnaces,  without, 
however,  presenting  such  details  as  are  absolutely  necessary  to  enable 
his  readers  to  form  their  own  judgment  on  the  subject.  The  make, 
in  cold  as  well  as  in  hot  blast  furnaces,  differs  greatly,  not  only  in 
furnaces  of  different  shape,  but  also  in  the  same  furnace  under  dif- 
ferent conditions  of  smelting,  such  as  relate  to  the  nature  of  the  ore, 
the  quality  of  tho  fuel,  and  the  amount  of  blast  injected  into  the  fur- 
nace in  a  given  time. 

In  Mr.  Trunin's  book  is  a  chapter  on  the  44  Economy  of  heated  air, 
etc.,"  containing  somewhat  remarkable  statements  and  singular  deduc- 
tions therefrom,  which,  after  attentive  and  repeated  perusal,  I  am  un- 
able clearly  to  comprehend.  This  may  be  due  to  myself,  and  not  to 
any  fault  of  tho  author.  I  will,  however,  give  one  or  two  extracts  to 
enable  the  reader  to  decide  for  himself  where  the  blame  lies. 

In  reference  to  certain  Scotch  furnaces,  in  which  black-band  iron- 
stone was  smelted  with  raw  coal  and  hot-blast,  the  following  statement 
is  made  :— 44  In  the  instanco  quoted,  where  the  largest  proportion  of 
air  to  carbon  obtains,  the  quantity  of  oxygen  is  barely  sufficient  to  form 
carbonic  oxide,  but  the  production  of  this  gas  in  the  zone  of  fusion  in- 
volves the  supposition  of  a  temperature  greatly  below  tho  melting- 
point  of  the  ore.  besides  which,  the  quantity  of  oxygen  received  by 
the  Scotch  furnaces  is  not  inoro  than  the  half  of  that  necessary  for  the 
production  of  this  gas,  and  is  altogether  insufficient  to  enter  into  com- 
bination with  the  carbon  in  any  known  proportions."4 

I  am  not  aware  that  the  production  of  carbonic  oxide  in  the  zone  of 
fusion  involves  any  such  supposition  as  that  announced.  If  the  state- 
ment in  the  last  sentence  of  the  preceding  extract  be  correct,  it  would 
be  interesting  to  know  what  becomes  of  the  large  amount  of  carbon 
which  escaped  oxidation  by  the  blast,  and  which,  it  seems  to  be  inti- 
mated, exceeds  the  amount  of  carbon  volatilized  from  the  coal  during 
its  conversion  into  coke,  with  the  addition  of  that  consumed  in  the  car- 
burization  of  the  iron. 

Mr.  Truran  laid  much  stress  on  the  evil  resulting  from  combustion 
of  a  portion  of  the  fuel  in  the  throat,  especially  of  coal-fed  furnaces 
with  narrow  throats;  and  stated,  moreover,  that  the  destruction  from 
this  cause  was  less  in  hot-blast  than  in  cold-blast  furnaces.    "  To  under- 
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stand  this  apparent  paradox,"  he  wrote,  44  it  must  be  remembered  that 
the  heat  maintained  in  the  throat  of  the  furnace  is  not  produced  from 
conduction  below,  but  is  the  result  of  a  partial  combustion  of  the  fuel 
which  is  governed  by  the  velocity  of  the  ascending  current,  and  that 

again  by  the  area  of  escape  and  the  volume  of  the  gas  Tho 

economy  of  fuel  with  the  heated  blast  is  doubtless  to  a  great  extent 
due  to  the  comparative  coolness  maintained  in  the  throat,  the  con- 
sumption of  fuel  being  less  in  that  region  than  in  a  cold-blast  furnace. 
If  then  we  could  lower  the  temperature  in  the  throat,  greater  economy 
of  fuel  would  be  ensured,  and  the  superiority  of  the  heated  blast  in 
this  respect  disappear.*'  s  In  support  of  this  opinion  it  is  asserted  that 
M  when  a  furnace  which  has  been  working  with  a  heated  blast,  and  the 
accompanying  reduced  quantity  of  coal,  is  suddenly  changed  to  a  cold- 
hlast  by  withdrawing  the  fires  from  the  stoves,  the  descent  of  the  mate- 
rials is  accelerated.  For  24  to  30  hours  after  the  substitution  of  the 
cold-blast,  the  furnace  makes  more  iron  with  the  original  burden,  and 
w  deterioration  is  to  be  seen  in  the  quality  of  the  produce.  [The  italies  arc 
mine.]  But  after  that  period  the  rate  of  descent  is  cheeked,  and  the 
quality  changes  ;  in  from  36  to  40  hours  the  furnace  will  have  returned 
to  its  original  rate  of  w  orking,  and  the  quality  of  the  iron  bo  deterio- 
rated to  white.  At  the  end  of  48  to  00  hours  the  furnace  will  have 
settled  down  to  the  usual  rate  of  working  with  a  cold-blunt,  and  the 
quality  have  finally  receded  to  that  produced  under  ordinary  circum- 
stances with  the  diminished  consumption  of  coal.  If  the  coal  is  in- 
creased sufficiently  to  keep  the  furnace  with  cold-blast  permanently  on 
the  quality  of  iron  it  was  making  before  the  alteration,  the  make  will 
he  diminished  in  the  ratio  that  tho  altered  quantity  of  ore  bears  to  the 
whole  of  the  materials  charged.  AVhen  the  make  with  a  hot-blast  has 
averaged  10'y  tons  a  week,  the  immediate  substitution  of  a  cold-blast  ** 
has  temporarily  increased  the  production  at  a  rate  equal  to  a  weekly 
make  of  115  or  IK?  tons;  but  when  the  increased  quantity  of  coal, 
added  as  a  compensation  for  the  withdrawal  of  tho  hot-blast,  lias  taken 
effect,  the  make  has  receded  to  90  tons  weekly."6 

With  regard  to  the  alleged  consumption  of  fuel  in  the  throat  of  tho 
blast-furnace,  it  is  absolutely  certain  that  no  combustion  can  take  place 
there,  except  by  the  aid  of  atmospheric  air  from  without  ;  for  all  the 
analyses,  previously  inserted,  of  the  gases  escaping  from  the  mouths  of 
blast-furnaces,  agree  in  one  particular — the  entire  abscnee  of  uncom- 
hined  oxygen.  And  from  observations,  also  previously  inserted,  on  the 
temperature  of  different  regions  of  the  blast-furnace,  it  may  be  safely 
concluded  that  in  the  throats  of  blast-furnaces  carbonic  acid  cannot  la; 
converted  into  carbonic  oxide  by  contact  with  carbon.  Further,  it  is 
difficult  to  conceive  how  the  solid  fuel  at  the  top  of  tho  blast-furnace 
should  undergo  combustion,  as  it  is  enveloped  in  an  ascending  current 
of  gas  which  contains  no  supporter  of  combustion.  The  assertion  of 
Mr.  Truran,  therefore,  concerning  the  consumption,  properly  so  willed, 
i.e.  by  oxidation,  of  coal  or  other  fuel  in  the  throat  of  tho  blast-furnace, 
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is,  to  say  the  least,  contradicted  by  strung  arguments.  Any  com- 
bustion which  may  take  place  there  must  result  from  the  action  of  the 
surrounding  atmospheric  air  upon  the  volatile  products  evolved  from 
the  mouth;  and,  if  this  be  admitted,  much  of  Mr.  Trunin's  reasoning 
necessarily  falls  to  the  ground. 

The  statement  concerning  the  accelerated  descent  of  materials,  and 
the  increase  of  make  corresponding  to  a  sudden  change  from  hot-blast 
to  cold-blast,  is  certainly  striking.  This  temporary  increase  of  make, 
we  are  informed,  is  known  to  many  furnace-managers,  but  has  never 
been  in  the  slightest  degree  alluded  to  by  any  writers  on  the  metal- 
lurgy of  iron.7  Mr.  Trunin  puts  the  question,  "  If  the  heating  of  the 
air  wero  the  real  cause  of  the  larger  make  and  greater  economy  of  fuel, 
how  is  it  that  the  make  is  augmented  and  the  economy  greatest  un 
substituting  a  cold-blast  under  the  circumstances  we  have  described 
[i.  e.  those  preceding]  ?  "  Mr.  IVuran  gave  an  answer  founded  on  cer- 
tain considerations  with  respect  to  the  consumption  of  fuel  in,  and  the 
temperature  of,  the  throat    It  is  certainly  not  satisfactory  to  me. 

Being  desirous  of  obtaining  additional  information  concerning  the 
alleged  increase  of  make  immediately  following  the  change  from  hot  to 
cold  blast,  I  sought  it  from  Mr.  Tarry,  who  has  had  such  extensive  oppor- 
tunities of  observing  the  working  of  blast-furnaces  at  the  Ebbw  Vale 
Iron-works,  and  has  applied  his  powers  of  accurate  observation  to  all 
that  concerns  the  smelting  and  manufacture  of  iron  with  great  success. 
Mr.  Parry  promptly  communicated  to  me  the  following  remarks  upon 
the  subject  :H — "  When  the  fires  are  withdrawn  from  the  heating-stoves 
of  a  blast-furnace,  for  the  purpose  of  using  a  cold-blast,  the  diameter  of 
the  blowpipes  is  not  immediately  reduced.  Hence  more  air  must  ne- 
cessarily pass  into  tho  furnace  in  a  given  time,  as  its  temperature  gra 
dually  falls  and  bulk  decreases,  and  tho  furnace  must  consequently 
drict  faster  and  produce  more  iron,  till  the  fresh  charges  introduced  at 
the  throat  reach  near  the  bottom.  The  whole  mass  of  minerals  from 
top  to  hearth  was,  when  the  fires  were  withdrawn,  at  tho  higher  tem- 
perature  of  the  hut-blast  furnace,  and  would  bear  for  a  time  an  extra 
driving;  but  not  so  when  the  furnace  became  filled  with  a  hot-blast 
burden  to  bo  blown  with  cold  air.  In  that  case  the  layer  of  fuel  at  the 
twyors  would  be  so  diminished  in  depth  that  the  reduced  ores  would 
come  under  the  influence  of  the  oxygen  of  the  blast,  and  bum  into  a 
black  scouring  cinder.  1  have  often  seen  stoves  let  out  for  repairs  for 
a  short  time  without  producing  any  material  effect  on  tho  working  of 
the  blast-furnace.  There  is  a  storehouse  of  extra  heat  above  which  is 
not  soon  exhausted;  but  when  that  is  gone  the  effects  are  ruinous, 
unless  the  burden  of  ore  and  the  diameter  of  the  blowpipes  be  reduced. 
A  case  occurred  some  years  ago  here  of  that  kind  in  a  lawsuit  with 
Neilson.  I  see  no  other  explanation  of  Trunin's  statement,  which  is 
no  doubt  correct,  and  just  what  any  one  would  expect  who  understands 
the  true  theory  of  hot  blast,  which  he  does  not  appear  to  have  done." 

Mr.  Trunin  wound  up  his  observations  on  the  u  Economy  of  Heated 
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Air,  etc.,"  with  "Additional  Remarks  on  the  Hot-Blast;"  and  in  these 
he  ventured  to  criticise  the  researches  of  Bunsen,  Scheerer,  Ebelmen, 
and  others,  on  the  composition  of  the  blast  furnace  gases.  He  gave  his 
opinion  in  a  somewhat  judicial  style  in  the  following  terms :— ,4  Alto- 
gether, we  are  of  opinion  that  the  labour  expended  by  chemists  in  this 
instance  has  been  misdirected,  and  the  collection  and  combustion  of  the 
gases  is  but  a  clumsy  expedient  for  obtaining  some  serv  ice  from  the 
carbon  charged  in  excess  of  the  absolute  requirements  of  the  furnace. 
As  a  proof  that  chemists,  in  their  researches  into  the  nature  of  the 
waste  gases,  have  not  directed  their  attention  to  the  anises  which  con- 
duce to  the  presence  of  carbonic  oxide,  neither  Messrs.  Bunsen  nor 
Playfair,  nor  the  Continental  chemists,  have  given  the  quantity  of 
atmospheric  air  delivered  into  the  furnaces  under  experiment."* 

The  nonsense  contained  in  these  extract*  is  unworthy  of  criticism, 
■ad  will  be  obvious  to  every  one  who  has  an  elementary  knowledge  of 
the  chemistry  of  combustion,  and  has  studied  what  has  been  written  on 
the  utilization  of  the  waste  gas.  It  is  evident  that  Mr.  Truran  was 
very  imperfectly  informed  on  this  part  of  bii  subject.  Some  persons 
may  he  inclined  to  accuse  me  of  employing  language  too  severe,  espe- 
cially in  reference  to  the  opinions  of  a  dead  man.  It  may  be  so  ;  but 
I  prefer  to  use  plain  words  which  express  my  convictions  to  circum- 
locution which  would  not.  Even  the  editors  of  Mr.  Truran's  treatise 
eoufess  that  4i  with  some  of  his  observations  of  a  theoretical  nature  " 
they  cannot  "  entirely  agree."  But  this  extremely  mild  and  qualified 
expression  of  dissent  will  not  go  far  towards  counteracting  the  mis- 
chievous effect  of  Mr.  Truran's  fallacious  reasoning  on  several  prac- 
tical questions  of  great  importance. 

We  have  now  to  consider  the  cause  of  the  remarkable  saving  of  fuel 
effected  by  the  hot-blast.  From  the  decisive  comparative  results  with 
cold  and  hot  blast  at  the  Clyde  furnaces,  under  similar  conditions,  and 
from  the  innumerable  results  which  have  sinco  been  obtained  by  com- 
petent and  trustworthy  observers  in  various  localities,  it  may  be  cer- 
tainly concluded  that,  caterii  paritms,  much  less  fuel  is  required  to  pro- 
duce a  given  weight  of  pig  iron,  even  when  the  blast  is  only  moderately 
heated,  than  when  it  is  not  heated  at  all.  Now,  as  under  both  condi- 
tions the  fuel  is  wholly  consumed,  and  as  the  gas  also  which  escapes 
from  the  furnace-mouth  has  substantially  the  same  composition,  it 
follows  that  the  amount  of  heat  generated  in  a  furnace  working  with 
cold-blast  is  enormously  greater  for  a  given  weight  of  pig-iron  than  in 
one  working  with  hot-blast,  the  conditions  with  respect  to  quality  of 
ore  and  fuel,  dimensions  of  the  furnace,  etc.,  being  supposed  to  be  the 
same  in  both  cases.  In  this  consideration  it  is  of  course  to  be  under- 
stood that  account  is  taken  of  the  fuel  consumed  in  heating  the  blast 
and  raising  steam  for  the  blowing  engine.  It  is  therefore  plain  that 
mere  quantity  of  heat,  i.  e.  the  number  of  units  of  heat  evolved,  can 
have  little  to  do  with  the  matter.  This  being  admitted,  the  inevitable 
conclusion  is  that  calvrijic  intensity  must  be  concerned,  and  that  the  tem- 


■  Op.  cit.  p.  172. 
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peraturo  of  what  may  be  designated  the  most  active  part  of  the  furnace 
must  be  higher  in  the  case  of  hot-blast  than  in  the  case  of  cold-blast. 
This,  indeed,  is  proved  to  bo  the  case,  at  least  in  the  vicinity  of  the 
twyers :  for  in  a  hot-blast  furnace  water-twyers  are  absolutely  essential, 
as  other  twyers,  which  may  be  employed  in  a  cold  blast  furnace,  would 
be  soon  burned  away.  Besides,  the  "eye "  or  spot  of  light  seen  through 
the  twycr  of  a  hot-blast  furnace  is  intensely  bright,  compared  with  that 
in  a  cold-blast  furnace ;  and,  moreover,  the  slag  prolongation  of  the 
twyerin  the  former,  or  ** nose,"  is  exceptional,  while  there  is  generally 
one  in  the  latter,  in  the  one  case  the  temperature  being  sufficient  to  fuse 
the  «lag,  and  in  the  other  not.  Let  us  suppose,  for  the  sake  of  argu- 
ment, that  a  metal  requires  exactly  1000°  C.  for  its  fusion  ;  it  might  be 
subjected  to  a  temperature  of  99*T  C.  for  ever  without  melting.  Just 
so  may  it  be  in  the  blast-furnace  with  respect  to  the  carburization  of 
the  reduced  iron  and  certain  other  accompanying  chemical  actions, 
which,  moreover,  may  take  place  with  slowness  at  one  temperature 
and  with  rapidity  at  another  slightly  more  elevated.  In  order  to  pro- 
duce these  actions  in  a  furnace  on  cold-blast,  it  is  requisite  to  consume 
a  much  larger  quantity  of  coal  than  in  a  furnace  on  hot-blast.  A  few 
degrees  of  temperature  more  or  less  may  make  all  the  difference. 

But  this  can  hardly  be  regarded  as  a  scientific  explanation  of  the 
greater  efficacy  of  hot-blast  as  compared  with  cold-blast ;  it  is  rather  a 
statement  of  fact  than  a  theory.  It  remains  therefore  to  search  for  a 
more  proximate  cause. 

Tho  air  of  cold-blast  must  expand  immensely  on  passing  from  the 
twyer  into  the  furnace,  and  thereby  causo  the  abstraction  of  a  large 
amount  of  otherwise  available  heat.'  It  should  be  borne  in  mind  that 
in  a  furnace  on  cold-blast  there  is  generally  a  nose  or  tube-like  pro- 
longation of  solidified  slag  from  the  end  of  the  twyer,  sometimes 
extending  even  across  the  upper  part  of  the  hearth  ;  and,  when  there 
are  two  or  more  twyers,  the  noses  may  meet,  and  as  it  were,  anastomose 
in  an  irreinilar  manner."  The  air  in  traversing  these  noses,  which  may 
be  regarded  as  a  sort  of  hot-blast  apparatus  in  the  furnace  itself,  is 
prevented  from  acting  on  the  incandescent  fuel  in  a  given  limited  zone, 
where  the  heat  should  be  as  concentrated  as  possible,  so  as  to  pro- 
duce tho  maximum  temperature  required ;  but,  on  the  contrary,  it  is 


1  The  following  table,  allowing  the  di- 
latation by  boat  of  air  and  some  other 
gases,  may  be  useful.  Rcgnnult,  Court* 
tit-  Physique,  Junin,  %  \>.  07. 

Dilatation  between  0°  and  100°  C. 

Under  Under 

•  oiiMunt  constant 
volume.  profMiiv. 

Hydrogen              O-iliiii"    0*3661  j 

Air                          0-3005    0-3070 

Nitrogen    o  3008 

Curlxmic  oxide          0'9667    0-3069 

Onfannicncid             0  3088    0  3710 

Sulphurous  acid  ...  0*3845    o  3i>03 

Cvanogon                 0-3829    0  3877 

*'  Mutdiot  t.tutvtf,  thai  nt  tin  Clydnch 


Iron-work*,  in  South  Wales,  a  vitreous  tube 
extended  from  the  end  of  one  of  the  twyers 
across  the  hearth  to  the  o|»|nsito  wall,  and 
from  thenee  ascended  obliquely  toward* 
the  back  wall,  wheie  the  blast  then 
e«oni>ed.  No  light  was  seen  nt  the  twyers 
fur  many  days,  and  at  last  the  solid  mat* 
off  masonry  was  penetrated  by  the  action 
of  the  blast,  so  as  to  bring  u  body  of  flame 
to  the  outer  surface,  which  in  a  very  short 
time  w<»uld  have  destroyed  the  building. 
After  making  every  effort  to  remiih  •  th.- 
evil,  the  furnace  was  stopped,  and  the 
whole  of  the  interior  taken  out.  I*apeix 
on  Iron  and  Steel,  p.  348. 
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distributed  over  a  larger  space,  with  a  proportionate  diminution  of 
temperature  in  the  vicinity  of  the  twyers. 

The  air  of  hot-blast  enters  the  furnace  already  bighly  expanded,  and 
in  so  far  the  loss  of  the  heat  required  for  this  degree  of  expansion  is 
avoided.  Moreover,  immediately  on  leaving  the  twyer,  the  blast,  owing 
to  the  absence  of  noses,  comes  in  direct  contact  with  the  incandescent 
fuel,  and  produces  great  elevation  of  temperature. 

In  the  cold-blast  furnace  the  space  between  the  blast-pipe  and  the 
twyer  is  not  stopped  up,  and  there  is,  consequently,  much  regurgitation 
of  the  air  injected;  whereas,  in  the  bot-blast  furnace  the  space  above 
mentioned  is  closed,  and  the  whole  of  the  air  injected  becomes 
effective.  But  escape  of  air  implies  loss  of  fuel,  in  as  much  as  a 
corresponding  amount  of  steam  power  has  been  expended  in  vain.  At 
the  Cy  fart  ha  furnaces  of  Messrs.  Crawshay,  working  on  cold-blast,  I 
was  much  struck  with  the  amount  of  air  which  escaped  backwards  from 
the  twyer. 

For  a  given  volume,  cold-blast  of  course  contains  a  much  greater 
vtujkt  of  oxygen  than  hot-blast,  and  it  might  therefore  have  been 
expected  that  the  additional  heat  capable  of  being  evolved  by  cold- 
blast  would  have  far  more  than  compensated  for  the  sensible  heat  of 
hot-blast.  W  ith  respect  to  quantity  of  heat  it  would  be  easy  to  deduce 
from  the  principles  laid  down  in  the  First  Part  of  this  work,  that 
this  must  certainly  be  the  case.  On  the  other  hand,  for  a  given  uxiyld 
of  blast  the  reverse  would  occur. 

But,  supposing  that  oxygen  when  heated  combines  with  incandes- 
cent carbon  more  rapidly  than  when  cold  ;  or,  in  other  words,  that 
combustion  is  more  quickly  effected  by  hot-blast  than  cold-blast ;  then, 
it  is  evident  that  there  must  be  a  proportionate  increase  of  tempera- 
ture, for,  cccteris  paribus,  temperature  will  bo  in  the  direct  ratio  of 
rapidity  of  combustion.3  Now,  observation  seems  clearly  to  have 
established  the  correctness  of  the  supposition  in  question. 

My  friend  Mr.  Sandberg  has  communicated  to  me  the  following 
striking  fact,  which  may  be  adduced  in  illustration.  In  the  Swedish 
gas-welding  or  re-heating  furnace  (described  in  tho  sequel  p.  717),  if 
the  current  of  gas  from  the  generator  be  burned  by  cold-blast  injected 
through  the  openings  /  /,  etc.,  a  blue  flame  will  extend  quite  to  the 
stack  end  of  the  furnace,  and  the  temperature  will  not  suflico  to  raiso 
the  iron  to  a  welding  heat.  Whereas,  if  hot-blast  be  substituted  for 
cold-blast,  the  flame  will  not  extend  sensibly  beyond  the  bridge  //,  to 
the  left  of,  and  facing  the  fire-bridge  m,  and  the  temperature  in  the 
space  between  these  two  bridges  will  be  so  high  as  to  melt  even 
wrought-iron  with  comparative  facility.  It  would  be  difficult  to  con- 
ceive stronger  evidence  than  this  in  confirmation  of  the  statement  that 
combustion  is  quicker  with  hot  than  with  cold-blast. 

We  may,  then,  conclude  with  respect  both  to  solid  and  gaseous  fuel, 
that  hot-blast  will  occasion  more  active  combustion,  and,  consequently, 
a  higher  temperature  than  cold-blast,  at  least  up  to  the  limits  of  tem- 
perature to  which  the  blast  is  usually  heated. 

1  VfcL  Metallurgy,  First  Part,  p.  51. 
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Accepting  the  foregoing  conclusion  as  established,  we  should  be 
disposed  to  infer  that  the  efficacy  of  hot-blast  would  be  most  manifest 
in  the  case  of  fuel  comparatively  difficult  of  combustion,  such  as  coke; 
and,  accordingly,  if  I  mistake  not,  this  is  the  fact,  the  saving  of  fuel  in 
the  case  of  charcoal  being  least,  and  charcoal  of  all  fuels  employed  in 
the  blast-furnace  being  the  most  readily  combustible. 

To  the  question,  why  should  hot  blast  cause  quicker  combustion 
than  cold-blast,  I  can  give  no  satisfactory  answer,  any  more  than  I  can 
to  the  question,  why  should  certain  bodies  dissolve  in  much  larger 
proportion  in  hot  than  in  cold  water.  At  present  we  must  be  content 
with  the  simple  enunciation  of  both  these  facts,  although  we  may 
reasonably  expect  that  hereafter  something  like  a  solution  of  them  may 
bo  arrived  at. 

Mr.  Siemens,  the  inventor  of  the  so-called  regenerative  furnaces, 
than  which,  in  my  judgment,  nothing  can  be  more  philosophical  in 
principle,  proposed  to  employ  blast  at  a  much  higher  temperature  than 
hitherto,  considerably  exceeding  even  a  red  heat;  and  the  proposal 
has  been  carried  into  practice  by  my  friend  Mr.  I.  I.owthian  Bell,  at 
the  Clarence  Iron-works,  near  Middlesboro'-on-Tees.  No  advantage, 
however,  was  derived  from  thus  heating  the  blast.  Great  inoonve- 
nienee  is  reported  to  have  been  experienced  from  the  accumulation  of 
dust  in  the  regenerative  chambers,  and  the  Siemens'  hot-blast  stoves 
havo  been  abandoned  at  those  works.* 

Water  Twykrs. 

The  water  twyer,  as  previously  stated,  is  essential  where  hot-blast 
is  applied  At  the  Neilson  trial  the  time  of  tho  invention  of  this 
twyer  was  the  subject  of  much  contixiversy.  It  was  deposed  that  it 
had  been  practically  used  long  anterior  to  the  hot-blast ;  but  the  inven- 
tion of  it  is  claimed  for  Mr.  Condie.  Mr.  John  Campbell,  jun.,  has 
supplied  me  with  the  following  statement  of  his  lather  on  the  subject, 
who  was  an  actor  in  the  whole  proceedings  connected  with  the  early 
history  of  the  hot-blast. s  41  Condie  was  engaged  at  Calder  by  Mr. 
Dixon  to  make  experiments,  but  Mr.  Alexander  Christie,  the  manager, 
being  at  that  time  hostile  to  tho  hot-blast,  the  experiments  did  not  get 
fair  play,  and  Mr.  l>ixon  in  consequence  sent  Condie  to  N  elsontown  as 
manager,  w  ith  instructions  to  experiment,  and  it  was  there  he  invented 
the  water  twyer.  Mr.  Dixon  afterwards  discovered  that,  instead  of 
cuke,  raw  coal  could  be  used,  at  of  course  a  greatly  reduced  cost,  and 
proposed  taking  a  patent  for  it ;  but  the  patentees  of  the  hot-blast 
proposed  instead  to  give  him  two  furnaces  at  Calder  free  of  licence 


*  Kinre  tho  above  was  in  typo,  I  have  of  iron  made,  ami  an  increased  inako 

been  iu formed  by  Mr.  Cowp»  r  that  hot-  from  the  Mine  furnace  of  more  than  one- 

blast  stoves  on  his  method  ot  construction  third.    The  blast  is  heated  considerably 

have  been  in  suee»  sstul  operation  for  up-  above  redness. 

wards  of  two  years  at  the  works  of  Messrs.       4  Dated  from  the  Calder  and  (invwn 

Cochrane  and  Co.,  at  Ormesby,  near  Mid-  Iron  Wharf,  Blaekfrians  London,  Dec.  l-» 

dhsUro'-on-Tces;  and  that  .the  result  has  1SG1. 
been  a  saving  of  5  cwts.  of  i-oke  per  ton 
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duty,  and  one-third  of  anything  they  received  above  Is.  per  ton.  An 
agreement  was  drawn  np  to  this  effect ;  but  as  the  patentees  afterwards 
fixed  the  licence  duty  at  Is.  per  ton,  the  agreement  was  never  signed." 
Mr.  Dixon  was,  however,  allowed  the  privilege  of  the  two  furnaces  to 
the  end,  for  his  great  expense  in  testing  and  bringing  the  patent  to  a 
useful  purpose.  Condie  never  received  a  sixpence  for  the  water 
twyer,  without  which  the  patent  [for  the  hot-blast]  was  worthless." 
Mr.  Campbell,  jun.,  informs  me  that  14  these  details  never  appeared  in 
print,  as  the  late  Mr.  Dixon  studiously  avoided  any  publicity." 

The  case  being  as  thus  represented  on  authority,  it  will,  I  think,  lx> 
admitted  that  Mr.  Condie  was,  to  say  the  least,  ungenerously  treated. 
But  how  often  have  similar  cases  occurred !  Capitalists  have  fre- 
quently availed  themselves  of  the  brains  of  poor  inventors,  without 
bestowing  an  adequate  reward,  if,  perchance,  they  have  bestowed  any. 
I  have  heard  one  of  these  gentlemen,  himself  engaged,  as  moneyed 
partner,  in  large  metallurgical  operations,  coolly  declare  that  brains  are 
more  abundant  in  the  world  than  capital,  and  ought,  therefore,  to  be 
had  eheap.  This  is  rather  too  bad.  Wealthy  men  have  been  known  to 
reward  the  honest  finder  and  restorer  of  valuable  treasure  which  they 
had  lost  with  a  shilling,  or,  perhaps,  half-a-crown  for  his  trouble.  The 
reader  will  be  at  no  loss  to  suggest  a  parallel  to  such  liberality. 

The  twyer  which  Condie  employed  consisted  of  a  coil  of  wrought- 
iron  tube  imbedded  in  the  walls  of  a  short  hollow  conical  pipe  of  cast- 
iron.  It  is  made  by  pouring  the  molten  metal  round  the  coil  in  a 
suitable  mould,  just  like  the  water-tymp  before  described.  Both  ends 
of  the  coil  protrude  from  the  broad  base  of  the  cone,  one  at  each  side. 
Water  enters  at  one  of  theso  protruding  pipes,  passes  direct  to  the 
narrow  end  of  the  twyer  through  a  straight  length,  then  circulates  back 
through  the  coil,  and  escapes  from  the  opposite  protruding  pipe.  This 
is  now  commonly  known  as  the  Scotch  twyer. 

It  has  been  proposed  of  late  to  discard  the  use  of  cast-iron,  and  to 
employ  the  wrought  coil  alone  as  a  twyer;  and  a  patent  has  been 
Becured  for  this  invention.  Twyers  of  this  kind  are  manufactured  by 
Messrs.  Knowles  and  Uuxton,  Chesterfield.  They  have  been  tried  at 
the  Ebbw  Vale  Iron-works,  and  not  approved  of.  Mr.  Levick  has  tried 
at  the  Blaina  Iron-works  another  modification,  in  which  only  alnuit 
half  the  coil  towards  the  narrow  end  is  surrounded  by  cast-iron. 

The  wrought-iron,  or  Staffordshire  twyer,  has  been  already  described. 
In  South  Wales  these  twyers  are  extensively  used.  As  will  hereafter 
be  shown,  the  Staffordshire  twyer  is  employed  at  the  tin-plate  works  in 
South  Wales/ but  the  axes  of  the  cone  do  not  coincide.  Several 
patents  have  been  taken  out  for  improvements  in  twyers,  but,  as  far  as 
I  have  been  able  to  ascertain,  none  have  been  proved  to  have  any 
advantage  over  the  old  twyers,  and  some  appear  rather  absurd  than 
otherwise. 

In  old  books  the  twyer  is  called  tue-iron,  tuiron,  and  tuarn.a 


*  Vid.  The  Natural  History  of  Staffordshire.  By  Kobert  Plot,  I*X.D.  Oxford.  Ui8«f 
I».  128. 
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THE  GASES  OF  IRON-SMELTING  BLAST-FURNACES. 

It  is  evident  that  a  knowledge  of  the  composition  of  the  ascending 
gaseous  current  in  the  blast-furnace  at  every  stage  from  the  twyers  to 
the  mouth  will  tend  to  explain  the  chemical  actions  which  succes- 
sively take  place ;  and,  accordingly,  several  experimental  investiga- 
tions of  this  nature  have  been  undertaken,  namely,  by  Bud  sen  in 
Germany,  by  Kbelmen  in  France,  by  Seheerer  and  Langberg  in  Nor- 
way, by  Bunsen  and  Playfair  in  England,  and  by  Tanner  and  Richter 
in  Austria.  The  results  have  led  to  the  division  of  the  furnace  into 
zones  of  specific  action,  and  these  in  some  metallurgical  treatises  are 
defined  with  a  degree  of  precision  more  imaginary  than  real.  Illustra- 
tive engravings  of  the  interior  of  furnaces  in  operation  are  presented, 
in  which  horizontal  lavers  of  fuel  and  ore  are  shown  in  alternation 
from  top  to  bottom,  which,  on  the  score  of  regularity  of  stratification, 
would  surprise  even  a  geologist,  and  which  are  only  calculated  to 
mislead. 

In  treating  this  subject,  the  data  obtained  by  the  observers  above 
mentioned  will  first  be  presented  in  a  condensed  form,  but  not  in 
chronological  order,  and  then  will  follow  deductions  therefrom. 

Tabular  Statkmext  of  the  Composition  of  the  Gases  of 
Iron-Sm elti no  B last- Fu  r n  aces. 

In  the  horizontal  column  at  the  foot  of  each  of  the  following  fables 
the  numbers  indicate  the  proportion  by  volume  of  oxygen  above  or 
below  26*26,  which  is  the  proportion  of  oxygen  by  volume  associated 
with  100  parts  by  volume  in  atmospheric  air.  \\  hen  there  is  a  diminu- 
tion of  the  oxygen  the  sign  -  will  be  prefixed. 

TABLE  1. 7— Composition  by  volvme  of  the  oases  of  the  fprxack  at 
Veckeuhagex,  Hessex  Cassel.  Bunten. 


Height  above  Uio  Iwyer. 


Component  Rosea 
per  cent,  by  volume. 

17*  ft. 

16]  ft. 

14}  a 

134  ft. 

11$  ft 

8?  ft 

6}  ft. 

Depth  below  the  month. 

3  ft. 

4  ft.  5  in. 

6  ft. 

7ft.  6  in. 

9  ft. 

12  ft 

15  ft 

I. 

II. 

III. 

IV. 

V. 

TT" 

VII. 

02-34 

62*26 

66  29 

(52  47 

03-80 

'  61-45 

64-58 

Carbonic  acid  ... 

8-77 

1114 

3-32 

3-44 

3*60 

7-57 

5  S7 

Carbonic  oxide... 

24  •  20 

22  24 

25  77 

30  OS 

29-27 

26  09 

26*51 

Marnh-£n8  CH2; 

3-30" 

3  10 

4-04 

2  24 

107 

3-84 

1  88 

1-33 

1-27 

0-58 

1-77 

217 

015 

1*66 

I     7*22      11-10  I  -2  02  i     3-32  1     2-27  1  8- 


01 


:;•:>»■ 


|  Brit.  As*oe.  Kop.  IS46,  p.  H.%  Bunsen  states  that  hi  his  original  memoir  in  Poggend.  rfTs  Awwlen. 
imuibJSS0"  a,nUml  wllhrtUl  <"*coPlior».  «Tr«neomly  calculated;  and  these  an-  the  ooRfdrf 
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TABLE  II  .»—  Composition  by  voume  of  the  gases  of  the  fi  kxa.  e  at 
Baeih  m,  Norway.    Srheerer  and  hmgberg. 


Height  above  the  twyer. 


i  omponem  ga»os 

per  cunt,  by  volume. 

2311. 

20  J  ft. 

18  ft. 

15*  ft. 

■ 

13  ft. 

10  ft. 

L 

II. 

III. 

nr. 

V. 

VI. 

04-43 

02  05 

03-20 

04-28 

66*12 

64-97 

Carbon ic  acid  . . . 

22  20 

IS  21 

12-45 

4-27 

8-50 

5*68 

Carbonic  oxide... 

804 

15*33 

18-57 

29- 17 

20  28 

20  38 

Marsh'gaa  

:t-s7 

1-28 

1-27 

1*88 

118 

000 

1-40 

2  53 

4-51 

i*os 

3  1)2 

2  90 

1443 

15  03 

8-12 

3-00 

1-98 

2-80 

des  Mines,  4.  s.  6.  p.  3.    1814.   Danish  feet?   If  so,  the  same  as  the  Prussian. 


TABLE  III.,  A.'— Composition*  by  voume  of  the  oases  of  the  firxace  at 

Cl.ERVAL,  FRANCE.     EMinen,  A.D.  1S41. 


Height  above  the  twyer*  in  Kngllsh  feet. 


25|  22* 

13i  9J 

8 

• 

Component  f"vos 
per  cent,  by  volume. 

Depth  in  metres  W» 

w  the  mouth,  as  Mated  by  Khelttien. 

Nitrogen   

Carbonic  acid  . 
Carbonic  oxide 
Hydrogen  


At  the 

month. 

lm  33 

2-  67 

4m  00 

5»  33 

5-  67 

0»,  44 

above  the 
twyer. 

I 

II. 

III. 

IV. 

v. 

VI. 

VII. 

57  •  79 

57-80 

58-15 

59- 14 

00-54 

03  07 

50-08 

12-88 

13  90 

18*76 

8*80 

2  23 

0-00 

0  31 

83*51 

22-24 

22  05 

28-18 

33-04 

35  01 

41-59 

5-82 

0  00 

5-44 

3  82 

3-59 

1-92 

1-42 

1809 

17-13 

10-87 

12  55 

5  20 

1-49 

11-30 

»  Trav.  Scient.  2.  p.  .114. 


TABLE  III  .  B10- Composition  by  volime  of  the  gases  of  the  furnace  at 

Cleuval.    EM  men.  A.D.  1848. 


p*r  rent,  by 


Itepth  In  English  feet  below  the  mouth. 


19] 


l>epth  In  metres  below  the  mouth,  as  stated  by  Kbelmen. 


1 

3 

8™  55 

At  the 
tyinp. 

L 

II. 

HI. 

frvT 

V. 

VI. 

VII. 

VIII. 

57  22 

58-50 

00-92 

00  89 

03  04 

68*06 

01-22 

58- 17 

Carlton  ic  acid  ... 

12*01 

11-95 

4- 14 

4-23 

0-49 

0«07 

0-00 

0  93 

Carbonic  oxide... 

24-05 

23-85 

31-50 

31-34 

35-05 

35-47 

37  •  55 

39  80 

Marsli-gnt»  

0-93 

1-33 

0-34 

0  77 

0-30 

0  31 

0  10 

0-25 

Hydrogen  

5-19 

4-31 

3  04 

2*77 

1*00 

1-09 

1  13 

0  79 

10-20 

14-50 

6-43 

6-42 

231 

1-97 

4-40 

900 

M  Trav.  Sclent.  2.  p.  420. 
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TABLE  IV.1— Composition  by  volume  of  the  oases  or  the  furnace  at 

Aldincoubt,  Fkance.  EbtimfH. 


Component  gases 
per  cent. 

Depth  tn  English  feet  below  the  moulh. 

26^ 

1 

lit          14f      |      18      |     21J  | 

At  the 
month. 

Ifcpth  In  metres  below  the  mouth,  oh  suited  by  Kbelmen. 

3™  S3       41"  33 

5™  50 

6-  67 

8"'  04 

Carbonic  ucid  ... 
Carbonic  oxide... 

I. 

95-62 
12-59 
25-24 

6-55 

II. 

54-30 
14-40 
28-62 
7-53 

III. 

50-07 
9-55 

28-82 
5-56 

IV. 
57-84 

7-54 
30  03 

4  59 

V. 
57-87 

3-  81 
31-28 

4-  04 

VI. 
01  01 

0-  21 
30  :;«» 

1-  79 

19*06 

22-03 

1047         12-73    |  0-04 

300 

»  Trav.  Sclent,  p.  315. 


TABLE  V.   Composition  both  by  volume  and  weight  of  the  oases  of  the 
Wkbna  fi  kn  ace  at  Eisenerz,  Styria.    Twiner  and  Ru-hOr* 


By  Volume. 

Depth  below  (he  mouth  In  Austrian  feet.' 

u 

17  23 

27 

34 

Carbonic  oxide  ... 

I. 

70-50 
10-30 
13  11 

II. 

71  30 
17  80 
10-89 

III. 

08-81 
9-00 
21-59 

IV. 

00-00 
2-08 
30-00 

V. 
0C.-34 
11-00 
22-00 

0-28 

6-29  3-37 

0-70 

7-85 

By  Weight 

Carbonic  oxide  ... 

la. 
03-50 
23-50 
12-94 

Ha. 
00-52 
24-80 
14-02 

lUa. 
04-90 
14-20 
20-84 

IVa. 
65*65 

4-15 
30-20 

Va. 
02-23 
17-07 
20-70 

5  Tunner's  .Iiibrbuch.  9.  p.  2*1.  I860. 
3  1  have  not  considered  it  necessary  to  reduce  these  to  Knglish  feet,  of  which  103- 71  =  100  AUbtrian  feet. 


TABLE  VI.— Composition  both  by  volume  and  weight  of  the  gas  11  feet 

BELOW  THE  MOUTH  OF  THE  KaISER-FrANZ  FURNACE,  ElSENERZ,  STYRIA. 


By  Volume. 

By  Weight. 

09-08 

64  27 

Carbonic  ocid  

17  09 

Ciirlwinic  acid  

21-02 

Carbonic  oxide  ... 

13  23 

•Carbonic  oxide  ... 

11-11 

7-75 
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TABLE  VII.—  Composition  by  voi.rME  of  the  oases  from  toe  ft-unace  at 
Seraixo,  Beloiim.    Ebdmen,  A.D.  1848. 


Component  gasen  per 
cent,  by  volume. 


IVpth  In  Y.<  L-li-li  feet  below  the  mouth. 


CnrUmio  aoid 
Carbonic  oxi< 
Murxh-pis. 


1 

• 

• 

*: 

m 

45 

Depth  In  metr 

cs  below 

the  mouth 

state.!  by 

0»  304 

1«  220  2"  743 

8- 

048 

3™  667 

13-  716 

I.    ,  It 

nr. 

IV. 

V. 

VI. 

VII. 

VIII. 

57  00  50-04 

59  CA 

02-40 

01-07 

01  15 

01  34 

54  '68 

11-39  11*89 

9  8.5 

1*54 

108 

1-13 

0-10 

28*61  28-93 

28*06 

33  88 

85-20 

35  35 

30-30 

45  05 

0-20 

1-48 

1  43 

0-33 

0-2!> 

0  26 

007 

2-74  3-04 

0-97 

0  09 

1-72 

j 

2-08 

2  01 

0-25 

18  70  ,19  38 

13-77 

3-48 

4  03 

4-48 

349 

14*96 

TABLE  VIII.— Composition  BY  voiame  of  the  oases  of  THE  ITItNACE  AT 
Alkueton,  England.    By  Bumm  and  Play/air. 


Component  Ra.*^»  per 
cent,  by  volume. 


JVpth  In  English  feet  below  the  mouth. 


Obrbaok  oxide 

Hydrogen  . 
OK'tiant  pua 
Cyanogen 


•  •   


1  5 

8 

11 

14 

17 

23 

24 

84 

I. 

rx 

III. 

IV. 

V. 

VL 

VII. 

VIII. 

IX. 

55-35 

54-77 

52-57 

50-95 

55-49 

00-40 

58-28 

50  to 

58-05 

7-77 

9-42 

9-41 

910 

12-43 

10  83 

8  19 

10-08 

0-00 

25-97 

20-24 

23  10 

19-32 

18-77 

19-48 

20-97 

25-19 

37-43 

3-75 

8-23 

4  58 

6- 04 

4*31 

4-40 

1  04 

2-33 

0*00 

6-73 

6-49 

9-33 

12-42 

7-02 

4-83 

4-92 

5-05 

3-18 

0-43 

0-85 

0  95 

1-57 

1-38 

000 

0  00 

0  00 

000 

0-00 

0-00 

0-00 

0*00 

0*00 

000 

traro 

trace 

1*34 

11-23 

9-41 

1307 

10-50 

1304 

7-70 

10-92 

13-08 

5-97 

Supplementary  Details  h elating  to  the  foregoing  Tables. 


Table  I.4 — The  dimensions  of  the  furnace  are  not  given.  Char- 
coal was  the  fuel,  and  it  was  reported  to  contain  l'7n/0  of  ash 
and  570  of  moisture.  The  gas  was  collected  on  the  28th  September 
from  2  a.m.  to  11  p.m.  The  diameter  of  the  nozzle  of  the  blast-pipe 
was  20  5  Taris  lines  (about  2i  in.  English).  During  the  collection  of 
the  gas,  the  pressure  of  the  blast  ranged  from  16-1  in.  to  17*2  in.  (nearly 
the  same  as  English)  of  water,  and  from  243°  C.  to  313°  C.  The 
weight  of  air  injected  per  minute  was  computed  at  10k432.  The 
average  monthly  consumption  of  charcoal  per  minute  was  lk705,  with 
an  average  production  per  minute  of  lk0218  of  pig-iron,  and  an  evolu- 
tion from  the  ore  of  0k  3938  of  oxygen,  which  passed  off  in  combination 


PoggendorrTs  Annul.  4*1.  p.  192, 1839. 

2v 
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with  carbon.  Tho  foreign  matters  melted  per  minute  amounted 
to  4"  03 14. 

Table  II.5 — The  furnace  was  regularly  conical  from  the  mouth  to 
4  ft.  above  the  top  of  the  boshes,  where  it  was  nearly  cylindrical. 

From  the  top  of  the  boshes  to  the  top  of  the  hearth 
it  was  inversely  conical.  The  dimensions  of  the 
furnace  were  as  follow  :— Width  at  the  mouth  4  ft. 
0  in.,  at  the  top  of  the  boshes  7  ft.  3  in.,  of  tho 
hearth  1  ft.  1 1  in.,  height  from  tho  mouth  to  the  top 
of  the  boshes  18  ft.,  from  this  point  to  the  hearth 
bottom  10  ft,  total  height  28  ft.0  The  hearth  in 
the  engraving  to  scale  is  represented  as  very 
shallow,  and  not  more  than  about  6  in.  in  depth. 
The  diameter  of  the  nozzle  of  the  blast-pipe  was 
2f  in.  Kheinland  (about  2f |  in.  English).  During 
the  collection  of  tho  gas  the  mean  pressure  of  the 
blast  was  equal  to  a  column  of  mercury  of  14  lines 
Kheinland  (about  lj-  in.  English),  and  the  tem- 
perature ranged  from  200'  C.  to  230^  C.  Hie 
charge  consisted  of  a  mixturo  of  specular  iron  ore 
and  magnetic  oxide,  yielding  on  the  average  from 
40%  to  42%  of  iron.  The  ores  were  partly  calciferons 
and  partly  siliceous,  so  that  by  mixing  them  in 
suitable  proportions  a  good  slag  was  formed  without 
the  addition  of  flux.  Fir  charcoal  was  used.  Grey 
iron  was  produced,  of  which  the  average  weekly 
yield  was  140  Skeppunds  (1  Skeppund  Norwegian  =  :U  cwts.,  which 
would  give  about  22  tons  as  tho  weekly  make.  1  Skeppund  Swedish 
=  .VI92  to  the  ton  English  in  the  sale  of  pig-iron  and  iron  ores). 

Table  III.,  A.— The  dimensions  of  the  furnace  were  as  follow:— 
Width  at  tho  mouth  0m07  (2  ft.  2-38  in.),  at  the  top  of  the  boshes  2"16 
(7  ft.  1-04  in.),  at  the  bottom  of  the  boshes  0mG2  (2  ft  0-41  in.),  at  the 
twyer  0'"44  (1  ft.  5 -33  in.).  Height  from  the  mouth  to  the  top  of  the 
boshes  5raG7  (18  ft.  7*23  in.),  of  the  boshes  2ra12(Gft.  1 1-47  in.),  from 
tho  top  of  the  boshes  to  tho  hearth  3n,00  (0  ft.  101 1  in.).  The  heights 
above  the  twyer  in  English  feet  are  those  in  Runsen  and  Playfair's 
table ;  but  I  am  not  quite  sure  that  they  are  estimated  exactly  accord- 
ing  to  tho  dimensions  given  by  Ebelmcn.  In  No.  II.  column,  for 
example,  the  height  is  25£  ft.,  which  is  tho  vertical  height  from  the 
mouth  to  the  top  of  tho  hearth  at  the  point  of  junction  with  the  bottom 
or  narrow  part  of  the  boshes.  But  between  this  point  and  the  twyer 
is  the  "  ouvrage,"  of  which  the  height  in  this  furnace  was  0W44  (1  ft. 
5-33  in.).  Tho  distance  from  the  bottom  of  the  "  ouvrage "  to  the 
month  8™  23  (27  ft.).  The  furnace  was  worked  with  hot-blast  ranging 
in  temperature  from  175°  C.  to  190°  0.    The  diameter  of  the  nozzle  of 


i  

Flu.  77.  Raenim,  Norway. 
Sclwerer.  Chare*!.  775 
cubic  a.  solid  coiin-nt. 


6  PoggendorfTs  Annal.  GO.  p.  489. 
184^. 

*  I  have  not  oontidered  it  necessary  to 


give  the  dimensions  in  English  feet,  as 
they  are  so  nearly  the  same. 
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the  blast  pipe  was  Om 065  (2-56  in. V  The  pressure  of  the  blast  was 
very  feeble,  ami  varied  from  0-015  (0-59  in.)  to  0m 01 8  (0*70  in.)  of 
mercury.  During  the  collection  of  the  gases  the  charge  consisted  of 
<r*500  of  charcoal  (  =  1 15  kil.),  of  limestone  0""  020  (  =  29  kil.),  and  of 
ore  (T*  1(50  (  =  287  kil.)  to  (T*  1 70  (  =  :;05  kil.).  The  average  yield  of 
pig-iron  per  charge  was  78k  10.  For  1  part  of  pig-iron  148  of  charcoal 
and  3*81  of  ore  were  required,  all  estimated  by  weight.  During  Sep- 
tember, 1841,  the  furnace  at  Clerval  produced  01,1 70  kil.  of  pig-iron, 
i  e.  about  01  tons  per  week.  The  pig-iron  was  almost  constantly  grey. 
The  gases  were  collected  by  means  of  cast-iron  pipes  0m  10  (3*94  in.)  in 
diameter.  Tapping  occurred  every  twentieth  charge.  The  ap- 
proximate composition  of  the  charge  of  ore  and  limestone  was  as 


follows  :— 

Water    12'. 5 

Carl>onate  of  linn*    21*0 

Stsquioxide  of  iron   39*2 

Oxide  of  manganese    0  7 

Silica.   20  0 

Aluminn    0  0 

100*0 

Metallic  iron  per  cent   27  4 


Or.  the  composition  may  be  thus  represented  : 
Metallic  iron   

~M  1  '°      (Carbonic  acid   

j  Silica  

Fixed  matter    j  Alumina  

=  39-l70  Lime   

f  Oxide  of  manganese. 

100  0 


.    27  2 
12  0 
12  5 
.     9  2 
.  20-0 
.  00 
U-8 
0-7 


The  charcoal  contained  8  /0  of  moisture,  and  was  analysed  after 
desiccation  at  about  150'  C.  It  lost  13*06%  in  weight  by  exposure  to 
a  white  heat. 

The  composition  of  the  charcoal  and  of  the  volatilo  matter  thus 
evolved  is  as  follows 

Carbon.  Volatile  Matter. 

Carbon    87*08    3*80    28  7 

Hvdrogen    2-83    2*88    21  0 

Oxygen    6*43    0*43    40  7 

Ashen   806 

100  00  13  00  100  0 


The  gas  from  the  top  of  the  boshes  was  collected  through  a  cast-iron 
tube  passing  through  the  wall  of  the  furnace  ;  the  gas  had  a  nauseous 
"dour  somewhat  like  that  of  arsenic.  The  gases  taken  from  the  lower 
parts  of  the  furnaces  both  of  Clerval  and  Audincourt  had  constantly  this 
"dour.  The  gas  on  ignition  produced  a  blue  flame,  with  red  edges,  of 
great  intensity. 

Table  III.,  B.— The  accuracy  of  Ebelmen's  analysis  of  the  gases  from 

2  f  2 
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the  furnace  at  (Terval  having  been  questioned,  he  entered  upon  ano- 
ther investigation  at  the  same  Iron-works  in  October,  1848.  The 
furnace,  however,  had  been  considerably  altered  in  dimensions,  and  it 
was  worked  with  cold-blast.  \\  idth  at  the  mouth  0"56  (1  ft.  10  05  in.), 
at  the  top  of  the  boshes  2a,50  (8  ft.  2-43  in.).  Height  from  the  mouth 
to  the  top  of  tho  boshes  GmC7  (21  ft.  10*60  in.),  of  the  boshes  2"03 
^Gft.  7  02  in.),  of  the  "  ouvragc  "  0-40  (1  ft.  3-76  in.),  of  the  hearth 
0M40  (1  ft.  3-7oin.),  total  height  of  tho  furnace  10m00  (32ft  <c70in.). 
At  the  junction  of  the  upper  part  with  the  boshes  the  furnace  was 
cylindrical  to  the  height  of  Ml  (1ft.  7*00  in.).  The  diameter  of  the 
nozzle  of  the  blast  pipe  was  0m063  (2*48  in.),  and  the  twyer  was  0n,0t.> 
(3*54  ID.)  in  width  by  0m10  (3-04  in.)  in  height.  The  pressure  of  the 
blast  was  equal  to  o'"033  (1-30  in.)  of  mercury.  The  charge  consisted 
of  0-*o00  (  =  1 1  .r>  kil  )  of  wood  charcoal  j  of  0"*  H*»5  (  =  295  kil.)  of  ore 
(similar  to  that  used  in  1841);  and  of  0"*010  (  =  15  kil.)  of  lime- 
stone.  Of  these  charges  32  were  worked  otf  every  24  hours.  Tap- 
ping took  place  after  every  20  charges,  and  produced  1800  kil. 
of  dark  grey  pig-iron,  so  that  the  daily  yield  was  about  2800  or 
2900  kil.  of  pig-iron.  Tho  gases  were  utilized  and  taken  off  from 
an  annular  space  at  the  top  of  the  furnace  round  a  cylinder  of 
cast-iron  which  received  the  charge.  The  analyses  of  the  gases  were 
in  this  caso  made  in  Regnault  and  Reiset's  eudiometer.  In  Xo.  J. 
column  the  gas  operated  upon  was  obtained  from  tho  pipe,  which  con- 
veyed the  waste  gas  away  as  above  described.  The  gas  of  which  the 
composition  is  given  under  the  columns  V.,  VI.,  VII.,  was  obtained  from 
openings  through  tho  walls  of  the  furnace.  In  tho  case  of  Xo.  VII. 
the  orifice  was  lm05  (3  ft.  5*34  in.)  above  the  twyer;  it  escaped  with 
force,  and  burned  in  the  air  with  a  white  flame  and  thick  smoke  of 
oxide  of  zinc.  Ebelmen  sought  for  cyanogen  in  the  gases  from  Xos.V. 
to  VIII.,  but  failed  to  detect  its  presence. 

Table  IV. — Tho  investigation  was  made  in  October,  1841.  The  di- 
mensions of  the  furnace  were  as  follow  : — Width  at  the  mouth  O™  0G  (2  ft. 
1-98  in  .),  at  the  top  of  the  boshes  2m  33  (7  ft.  7-73  in.),  at  the  "ouvragc" 
0m45  (1  ft.  5-72  in.).  Height  from  tho  mouth  to  the  top  of  the  boshes 
8-07  (28  ft.  5-34  in.),  total  height  11"  00  (30  ft.  1-07  in.).  The  blast 
was  heated  to  250°  C.  The  pressure  varied  from  0m070  (2'70in.)  to 
0m074  (2  02  in.)  of  mercury.  Tho  charge  consisted  of  02  kil.  of  char- 
coal, 1 1 5  kil.  of  wood  (cut  into  pieces  0m  1 5  (  =  5  01  in.)  in  length,  and 
not  previously  prepared  in  any  manner),  18  kil.  of  braize,  33  kil.  of 
limestone,  77  kil.  of  forge  cinders  broken  up,  and  258  kil.  of  ore.  The 
average  yield  per  chargo  was  114k2  of  pig-iron. 

The  charge  without  fuel  was  approximately  composed  as  follows:— 


Water    9-7 

Carbonate  of  lime    22*0 

S«'.squioxiil«' of  iron    26*5 

Protoxiilo  of  iron   15*5 

Oxide  of  manganese   0*9 

Silica    20*0 

Alumina    5'4 


100-0 
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Or,  the  composition  may  bo  thus  represented : 

Metallic  iron    30-4 

Oxvgen    llMJ 

Water   l»-7 

CnrUmic  ueid   9*7 

Silica   20-0 

Fixed  nmttcr     I  Alumina    5  4 

=  38-6%       \Lime    12*3 

I  Protoxide  of  inaiigjintuo  0  •  *J 

100  0 

ITie  temperature  was  very  low  in  all  the  upper  part  of  the  furnace, 
so  much  so  that  Kbelmen  found  by  direct  experiment  that  pieces  of 
wood,  which  had  remained  at  the  depth  of  3  metres  (I)  ft.  10*11  in.) 
during  li  hour,  on  being  token  out  of  the  furnace  had  precisely  the 
same  appearance  as  when  they  were  put  in.  Wood  which  had  re- 
mained during  3J  hours  at  the  depth  of  4  metres  (13  ft.  1*48  in.)  was 
completely  carbonized,  the  ore  had  become  magnetic  and  lost  the  whole 
of  its  combined  water.  The  gas  was  collected  in  the  same  manner  as 
at  ('lerval,  except  that  in  No.  VI.  column,  which  was  procured  from 
an  opening  through  the  walls  of  the  furnace.  The  gas  No.  II.  con- 
tained a  large  amount  of  the  products  of  the  distillation  of  wood.  In 
collecting  the  gas  No.  III.  neither  water  nor  tar  was  deposited  in  the 
glass  tubes.  The  gas  No.  VIII.  burned  with  a  white  flame,  and  had 
the  same  nauseous  odour  as  the  gas  from  the  boshes  of  the  furnace 
at  Clerval ;  the  gas  taken  at  higher  elevations  burned  with  a  blue 
flame. 

Table  V.— The  furnace  was  working  on  white  iron  ;  it  was  circular 
in  section  in  every  part,  and  its  dimensions  were  as  follow  : — Width  at 
the  mouth,  2\  ft.  (Vienna  feet.  1  have  not  given  these  dimensions  in 
English  feet,  as  the  differences  in  a  large  furnace  of  this  kind  are  not. 
material);  at  the  top  of  the  boshes,  8  ft.;  at  the  hearth-bottom, 
H  ft.  The  interior  of  the  furnace  is  conical  to  1  -ft.  above  the  top 
of  the  boshes,  when  it  becomes  cylindrical ;  and  from  the  top  of 
the  boshes,  i.e.  the  bottom  of  the  cylindrical  portion  to  the  hearth, 
its  form  is  that  of  a  regular  inverted  cone,  so  that  there  is  no  line 
of  demarcation  between  the  boshes  and  the  hearth.  Height  from 
the  mouth  to  the  top  of  the  boshes,  2'>A  ft.;  from  the  top  of  the 
boshes  to  the  twyers,  8  ft.  10  in.  ;  and  from  the  twyers  to  the  hearth- 
bottom,  1  ft.  8  in.  :  total  height,  30  ft.  There  were  three  twyers, 
1  ft.  8  in.  above  the  hearth-bottom,  one  on  each  side,  with  a  blast-pipe 
2/Vin.  in  diameter;  and  one  at  the  back,  with  a  blast-pipe  1  ,*T in.  in 
diameter.  The  temperature  of  the  blast  was  200°  C,  and  the  pressure 
varied  from  1  fain,  to  1  ,L£  in.  of  mercury.  An  iron  cylinder  (i  ft.  <>  in. 
in  depth  was  inserted  in  the  mouth,  and  from  the  space  included 
between  the  outside  of  this  cylinder  and  the  corresponding  part  of  tho 
internal  walls  of  the  furnaces  tho  waste  gases  were  taken  off  through 
an  iron  tube  1  ft.  4  in.  in  diameter.  The  fuel  was  "soft"  (i.e.  light) 
charcoal;  the  iron-producing  material  was  calcined  spathic  ore  and 
cast-iron  scrap,  and  the  flux  was  "  grauwacke-schist."    Tho  charge 
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consisted  of  19£  ( 1  e.  f.  =  1  '1 1 5  English)  cubic  feet  of  charcoal,  383  lbs. 
of  ore,  8  lbs.  of  scrap,  and  20  of  flux.  The  yield  of  the  calcined  ore 
was  f>0°/o.  There  were  143  charges  per  day  of  24  bourn,  producing 
on  the  average  280  centners  (1  centner  =  100  lbs.,  or  123-46  lbs.  avoir- 
dupois. 1  lb.  =  1*2352  lb.  avoirdupois)  of  white  pig-iron  of  a  radiated 
structure  (weissstrahlig),  t>.  for  100  lbs.  of  pig-iron  70  lbs.  of  charcoal, 
or  by  measure  9-9  cubic  feet  The  gas  was  collected  by  means  of 
wrought  iron  tubes  1  in.  in  external,  and  Jin.  in  internal,  diameter. 
The  pressure  of  the  gas  on  escaping  from  the  top  of  the  furnace  was 
about  half  that  of  the  blast,  and  when  the  latter  varied,  there  was  also 
a  corresponding  variation  in  the  former.  Numerous  observations  were 
made  upon  the  variations  in  the  pressure  of  the  gas  escaping  at  the 
mouth  consequent  on  the  formation  of  slag  44  noses,"  on  the  twyers 
and  other  conditions,  and  also  upon  the  temperature  of  the  furnace  from 
top  to  bottom  ;  pyrometric  alloys  of  lead  and  silver,  silver  and  gold, 
and  silver  and  platinum,  being  used  for  this  purpose.  Tanner  remarks 
that  the  eudiometer  employed  in  these  analyses  was  not  sufficiently 
finely  divided  to  admit  of  the  measurement  of  the  small  volumes  of 
hydrogen  and  marsh-gas.  But,  as  in  the  analyses  of  preceding 
observers,  the  united  volumes  of  these  two  gases  amounted  to  not  less 
than  5  %  or  6  %  of  the  whole,  their  proportion  can  scarcely  be  desig- 
nated as  small. 

Table  VI.— The  gas  was  obtained  from  a  furnace  working  on  grey 
iron  at  the  villago  of  St.  Stephen.  Width  at  the  mouth,  2  ft.  8  in. ; 
at  the  top  of  the  boshes,  9  ft.  6  in. ;  and  at  the  bottom  of  the  hearth, 
3ft.  Gin.  Height  from  the  mouth  to  the  top  of  the  boshes,  30 ft. ; 
from  the  bottom  of  the  boshes  to  the  twyers,  8  ft. ;  and  from  the  twyers 
to  the  hearth  bottom,  2  ft.:  total  height,  40  ft.  Tho  form  of  *  the 
interior  was  similar  to  that  of  tho  last  furnace,  except  that  the  cylin- 
drical portion  forming  the  upper  part  of  the  boshes  was  4  ft.  high. 
There  were  two  twyers,  one  opposite  the  other.  At  the  time  of  col- 
lecting the  gas  the  temperature  was  200°  C,  and  the  pressure  ranged 
from  ,\in.  to  1  in.  of  mercury.  The  waste-gases  were  utilized,  and 
taken  off  at  the  top.  Tho  charge  consisted  of  15|  cubic  feet  of  light 
charcoal,  from  310  lbs.  to  320  lbs.  of  ore,  consisting  half  of  roasted 
spathic  oro  and  half  of  argillaceous  ore,  and  15  lbs.  of  limestone.  The 
yield  of  tho  ore  ranged  from  35  %  to  36*  %.  There  were  on  the  average 
74  charges  per  day  of  24  hours.  For  100  lbs.  of  grey  iron,  14  cubic 
feet,  or  from  95  lbs.  to  100  lbs.  of  charcoal  were  consumed. 

Tablk  VII. — The  gas  was  collected  in  September,  1848,  from  No.  ('» 
furnace,  working  with  coko,  at  the  Seraing  Iron-works,  near  Li<?ge,  in 
Belgium.  The  dimensions  of  the  furnace  were  as  follow:  Width  at 
tho  mouth,  2m74  (8  ft  11-88  in.);  at  the  top  of  tho  boshes,  4m57  (14ft. 
11-93  in.) ;  at  the  top  of  the  44  ouvrage,"  lm09  (3  ft.  0-94  in.) ;  between 
the  twyers,  0m\)\  (2  ft.  11 '82  in.).  Height  from  the  mouth  to  the  top 
of  the  boshes,  8"  13  (20ft.  8-08  in.)  ;  of  the  boshes,  4m52  (14  ft.  9-90  in.); 
of  the  "ouvrage,"  lm32  (4  ft.  3-97  in.);  of  the  hearth,  0m81  (2ft 
7-89  in.):  total  height  of  the  furnace,  15m24  (48ft.).  There  were 
two  twyers.    The  quantity  of  air  blown  into  the  furnace  per  minute 
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was  122  cubic  metres,  at  a  pressure  of  0m05  (1*97  in.)  of  mercury. 
The  temperature  of  the  blast  was  1 00"  C.  The  charge  consisted  of  raw 
ore  *!50  kil.,  of  mill-furnace  cinders  050  kil.,  of  limestone  450  kil.,  and 
of  coke  2  cubic  metres  =  800  kil.  Tapping  occurred  every  12  hours, 
and  produced  8  ">00  kil.  of  white  slightly  crystalline  pig-iron,  suitablo 
for  puddling  without  further  treatment.  The  yield  of  the  ores  was 
42  7_,  with  a  consumption  of  1*5  by  weight  of  coke  for  1  of  pig-iron, 
l  «*.  133  of  carbon  for  100  of  pig-iron.  W  hen  the  furnace  was  «  n  grey 
foundry  iron,  the  consumption  of  coke  amounted  to  1*8  or  2  for  1  of 
pig-iron.  The  gas  No.  VIII.  was  procured  from  an  opening  through 
the  walls  of  the  furnace ;  in  every  other  case  it  was  collected  by 
means  of  wrought  iron  pipes,  0m0.3  (1*18  in.)  in  diameter.  The  gas 
No.  III.  ignited  spontaneously  in  the  air.  The  gas  No.  VIII.,  from 
about  0mo'l  (2  ft.  0-01  in.)  above  the  twyers,  was  accompanied  with 
copious  white  smoke,  which,  according  to  Valerius,  contained  cyanide 
of  potassium.  Ebelmen  was  unable  to  detect  in  this  gas  either  carbonic 
acid,  sulphuretted  hydrogen,  or  cyanogen. 

The  coke  contained  on  the  average  91%  of  carbon,  3  °/0  of  water 
and  volatile  products,  and  6%  °f  ^>^N-  The  composition  of  the  charge 
may,  according  to  Ebelmen,  be  thus  represented: — 

kil.  kil. 
Coke   800  corresponding  to  pure  carlxm   728 

HS£rt™!:::::::::  SJ&S: :::::::::::::::  .2 

{Oxygen  of  protoxide 
of  iron   78 
Oxygen    of   M  *pii- 
oxi«le  of  iron    117 

Or,  Total  carbon   7X2 

jof  the  liin«  ntone    14»i  j 

Oxygen.; of  the  cinders    78  >  an 

(of  the  ore   117)  '  , 

Ebelmen  remarks  that  M  if  the  analyses  of  the  gase*  of  tlio  mouth 
well  represented  the  mean  composition  at  the  exit  from  tTto  furnace, 
the  weights  of  the  oxygen  and  carbon  given  above  ought  to  be  in  the 
same  relation  as  the  carbon  and  oxygen  of  the  gases,  on  deducting  from 
this  latter  the  proportion  corresponding  to  the  nitrogen  contained  in 
the  gas.  Now,  the  number  which  represents  the  oxygen  at  the  mouth 
is  equal  to  45*0  ;  and  on  deducting  from  this  2<V.'i,  which  corresponds  to 
the  nitrogen,  18*7,  the  relations  between  the  oxygen  and  carbon  aro 
18-7  to  35'2  in  volume,  and  18*7  to  20*4.  Tho  relation  here  is  about 
3  to  4t  whilst  it  ought  to  bo  below  A  after  the  number  given  above." 
Kbelmen,  therefore,  concluded  that  tho  analyses  of  the  gases  from  tho 
mouth  do  not  represent  the  mean  composition  of  tho  gaseous  current 
at  its  exit.  The  gas  operated  on  was  taken  oft*  from  a  very  small 
portion  of  the  horizontal  section  of  the  furnace — only  0*0001  of  the 
area  of  the  mouth ;  the  velocity  of  the  current  is  not  the  same  in  every 
jwrt,  being  greatest  along  the  sides,  and  rapid  chemical  actions  more- 
over occur  there :  these  considerations  in  Ebelmen's  judgment  suffice 
to  explain  the  discordance  in  question.  The  sectional  area  of  tho  tubes 
employed  by  him  at  (Terval  and  Audincoiirt  was  equal  to  J0  of  that 
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of  the  mouth,  and  the  current  escaped  with  great  velocity,  so  that  the 
analysis  of  the  gases  of  this  current  should  accurately  give  the  mean 
composition  of  the  corresponding  gaseous  section. 

Tablk  VIII. — Bunsen  and  Plaijfairs  experiments.7 — They  were  made  at 
Mr.  Cakes'  Iron-works,  Alfreton,  Derbyshire.  Fig.  78  is  a  vertical 
section  of  the  interior  of  the  furnace.  The  diameter  of  the  blast -pipe 
was  2h  in.  The  pressure  of  the  blast  was  equal  to  a  column  of  mercury 
of  6*75  in.,  and  the  temperature  was  3;*0°  0.  (626°  F.>  The  fuel  was 
raw  coal,  yielding  about  G7f  %  of  coke.  The  ore  consisted  of  calcined 
argillaceous  ironstone  and  the  flux  of  limestone.  The  limestone  was 
broken  in  pieces  about  as  largo  as  the  fist,  but  the  coal  and  ironstone 
wore  thrown  in  in  lumps,  not  unfrcquently  exceeding  20  lbs.  in  weight 
The  composition  of  the  coal,  calcined  ore,  and  limestone,  was  as 
follows : — 

Coal. 

Carbon    74-98 

Hydrogen   4  ■  73 

Oxygon   10-01 

Nitrogen    0-18 

Water    7  40 

Silicates    2-01 

Potash    0  07 


100-07 


Silica    25-77 

Sesquioxide  of  iron  M  00  •  24 

Alumina   0  58 

Lime    :$-5l 

Magnesia    3*19 

Potash    0-74 


100-03 


54-4 

0*6 

0-8 

Moisture  and  loss  .. 

IS 

1000 

In  producing  140  lbs.  of  pig-iron,  were  required  390  lbs.  of  coal, 
420  lbs.  of  calcined  ore,  and  170  lbs.  of  limestone.  The  quantity  of 
ore  smelted  overy  24  hours  was  33,600  lbs.,  and  the  coal  consumed 
31,200  lbs. 

The  apparatus  for  collecting  the  gases  consisted  of  a  system  of 
wrought  iron  tubes,  26  ft.  long  and  1  in.  in  diameter.  It  was  formed 
of  pieces  5  ft.  long,  screwed  together  so  as  to  be  air-tight.  It  was 
suspended  vertically  by  a  chain  passing  over  a  block  fixed  to  a  stout 
wooden  upright,  and  fastened  by  chains  round  the  furnace.  It  was 
necessary  to  play  water  upon  this  support  occasionally,  to  keep  it  from 
burning.  A  leaden  pipe  was  inserted  into  the  top  of  the  tube  in  order 
to  conduct  the  gases.  The  tube  was  allowed  gradually  to  descend 
along  with  the  contents  of  the  furnace,  and  its  depth  was  indicated  by 
white  marks  at  the  distance  of  1  ft.  It  sank  at  the  rate  of  3  ft.  in  an 
hour  during  the  first  part  of  the  experiment,  but  more  slowly  after- 
wards. The  gases  were  collected  in  glass  tubes,  4  in.  long  and  I  iu. 
wide,  which  wore  drawn  out  at  both  ends  and  connected  with  each 
other,  as  well  as  with  the  lead  tube,  by  caoutchouc  joints.  Owing  to 
the  pressure  of  the  gas,  which  often  amounted  to  several  inches  of 
water,  the  tubes  could  not  be  hermetically  sealed  while  in  connection 
with  the  lead  pipe,  and  it  was,  therefore,  necessary  to  heat  them  so  as 
to  expand  the  gas  to  a  certain  extent,  then  to  tie  the  caoutchouc 


*  Report  to  tile  British  Association,  at 
Cambridge,  on  tlio  Gases  evolved  from 
Iron  Furnaces,  with  reference  to  the 
Theory  of  the  Smelting  of  Iron.  1S45. 


pp.  142-180. 

3  It  is  stated  that  the  protoxide  U  cxm- 
vcrtecl  into  at  squioxide  of  iron  by  calcina- 
tion; but  this  is  only  in  part  correct. 
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joints,  and  not  to  seal  the  tubes  hermetically  until  they  had  become 
sufficiently  cool  to  prevent  any  small  explosion  during  the  melting  of 
the  glass.  Gas  was  collected  in  all  regions  below 
and  above  what  is  termed  the  zone  of  fusion,  where 
the  temperature  was  so  high  as  either  to  soften  or 
melt  the  tubes  completely.  But  below  this  zone, 
where  a  still  higher  temperature  prevails,  gas  was 
collected  by  boring  through  the  front  above  the 
tymp  and  inserting  an  iron  tube. 

L  The  gas  had  a  peculiar  odour,  different  from 
that  of  coal-gas,  but  very  similar  to  that  of  acrolein  ; 
it  hurned  with  a  yellowish  red  flame,  and  was  not 
accompanied  with  brown  vapours  of  tar.  II.  The 
blast  had  been  interrupted  during  an  entire  hour 
previous  to  the  experiment,  but  the  gas  was  not 
collected  until  the  furnace  had  been  for  some  time 
in  tranquil  action.  The  flame  and  odour  were  ex- 
actly the  same  as  in  Exp.  I.  Number  of  charges,  1 4. 
III.  The  gas  was  accompanied  by  vapour  of  tar,  and 
had  the  odour  of  coal-  gas.  The  flame  was  clear 
yellow,  and  higbly  luminous.  Number  of  charges, 
23,  IV.  The  odour  of  the  gas  was  ammoniacal  and 
tar-like ;  vapours  of  tar  were  visible  ;  the  flame 
was  yellow,  but  only  feebly  luminous.  Number  of  ! 
charges,  26.  V.  The  gas  had  a  peculiar,  tar-liko 
odour ;  there  were  no  vapours  of  tar ;  and  tho  flame 
was  yellow  and  slightly  luminous.  Number  of  ami  pi»yr*ir.  imo  cnbfe 
charges,  32.  VI.  The  gas  had  an  ammoniacal  odour,  ft'  come"'- 
and  burned  with  a  pale  blue  flame.  There  were  no  vapours  of  tar. 
Number  of  charges,  38.  VII.  The  gas  had  a  slight,  yet  decided,  odour 
of  cyanogen,  and  burned  with  a  pale  blue  flame  14  of  no  illuminating 
power."  There  were  no  vapours  of  tar.  Number  of  charges,  42. 
VIII.  The  gas  had  the  same  character,  and  tho  number  of  the  charges 
was  the  same  as  in  Exp.  VII.  IX.  This  gas  was  collected  (J  ft.  above 
the  hearth-bottom,  and  2  ft.  0  in.  above  the  twyer :  the  presence  of 
cyanogen  was  detected  by  its  odour,  and  by  the  purple  colour  of  the 
flame.  On  the  assumption  that  marsh  gas  was  present  instead  of 
cyanogen,  the  composition  of  tho  gas,  deduced  from  the  analytical  data, 
would  have  been  as  follows  :  — 

Nitrogen   59*39 

Carbonic  oxide   38  83 

Mni-feh-gwi   1  71> 

Hydrogen    0  49 


100-00 


But  it  is  contended  that  marsh-gas  could  not  possibly  exist  in  this  part 
of  the  furnace,  because  it  is  alleged  that  this  gas  can  only  proceed  from 
the  dry  distillation  of  tho  coal,  and  that  carbonization  must  bo  com- 
pletely effected  at  a  higher  elevation.  Yet  only  about  10  ft.  above 
the  bottom,  or  24  ft.  below,  the  mouth  of  the  furnace,  not  less  than 
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2*33  %  of  marsh-gas  was  found ;  and  this  is  regarded  as  a  proof  that 
the  coking  of  the  coal  continues  oven  to  this  depth.  The  conclusion 
as  to  the  impossibility  of  tho  existence  of  marsh-gas  so  low  down  as 
2  ft.  9  in.  above  tho  twyer  maybe  extremely  probable,  but  it  is  cer- 
tainly* not  established  beyond  question.  It  should  be  stated  that 
Bunsen  ascertained  that  marsh-gas  can  neither  be  formed  by  the 
direct  combination  of  hydrogen  with  carbon,  nor  by  the  action  of  the 
vapour  of  water  on  incandescent  carbon. 

It  is  concluded  that  tho  distillation  of  the  coal  was  most  active  at 
the  depth  of  14  ft.,  because  in  the  gas  from  this  part  of  the  furnace  tho 
olefiant  gas,  marsh-gas,  and  hydrogen  were  at  a  maximum,  and  theso 
gases  are  only  evolved  from  coal  under  the  influence  of  a  high  tem- 
perature. Bunsen  and  Playfair  observe  that  the  presence  of  tarry 
vapours  at  the  depth  of  14  ft.,  and  even  17  ft.,  and  their  absence  from 
the  upper  part  of  the  furnace,  prove  that  they  suffer  decomposition  in 
traversing  the  superincumbent  red-hot  coal.  The  water  also  contained 
in  these  vapours  must  be  decomposed  in  like  manner ;  and  this  fact  is 
urged  in  explanation  of  the  irregularity  in  tho  proportions  between  the 
carbonic  acid  and  tho  carbonic  oxide. 

Ebelmen  has  commented  as  follows  upon  the  preceding  observations 
respecting  the  disengagement  of  tarry  vapours  at  a  considerable  depth 
in  the  furnace  :  14  It  appears  to  me  impossible  to  admit,  with  3IM. 
Bunsen  and  Playfair,  that  if  tar  is  only  found  in  the  gases  collected 
between  the  depths  of  4m  267  and  5™  179,  it  is  necessary  to  attribute  it 
to  the  decomposition  suflfored  by  the  vapours  of  this  tar  in  traversing 
tlie  upfter  incandescent  layers  of  coal.  If,  indeed,  there  exist  above  the 
depth  of  4m  267  an  incandescent  zone,  it  would  be  unintelligible  how 
the  coal  should  reach  this  depth  of  4"267  without  having  lost  at  least  a 
largo  portion  of  its  tar,  and  how  it  can  traverse  this  zone,  where  the 
decomposition  of  tar  occurs,  in  order  to  arrive  at  a  greater  depth  where 
the  tar  is  only  disengaged.  "What  is  infinitely  probable  is,  that  tho 
distillation  of  tho  coal  really  only  commences  at  the  depth  of  4*"  267, 
and  the  cold  ore  and  fuel,  which  occupy  the  upper  part  of  the  shaft 
[la  cuvefi.e.  the  part  above  the  boshes],  act  as  apparatus  for  condensing 
tho  vapours  of  tar."'  Bunsen  and  Playfair  state  that  at  the  depth  of 
11  ft.,  which  is  sensibly  less  than  4m267,  the  gas  was  accompanied  by 
vapour  of  tar. 

With  regard  to  Ebelmen's  supposition  concerning  the  condensation 
of  tar  on  the  cold  materials  near  the  month,  from  what  I  have  seen  of 
blast-furnaces  in  operation,  1  should  think  it  difficult  for  tar  to  remain 
long  in  that  position  in  any  but  a  vaporous  state ;  and  equally  difficult 
to  conceive  that  tar  would  only  begin  to  be  formed  at  the  depth  of 
4m267.  The  point,  however,  raised  by  Ebelmen  is  a  fair  one  ;  but  it 
seems  to  be  met  by  the  fact  to  which  Bunsen  and  Playfair  direct 
attention,  namely,  that  the  coal  was  thrown  in  in  large  lumps,  and 
that  while  the  external  portion  was  coked  the  interior  might  have  been 
only  slightly  altered. 


9  Trav.  S  i.  nt.  2,  p.  410. 
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Observations  on  the  foregoing  Analytical  Results. 

Let  us  suppose  that  the  solid  materials  introduced  into  the  blast- 
furnace consist  of  pure  oxide  of  iron  and  pure  carbon,  and  that  com- 
bustion is  supported  by  dry  atmospheric  air  ;  then  it  is  evident  that  in 
the  ascending  gaseous  current  the  relation  between  the  nitrogen  ami 
the  oxygen,  in  whatever  state  of  combination  the  latter  may  be,  will 
indicate  precisely  the  degree  of  reduction  effected.  If  no  oxide  of 
iron  were  present,  that  relation  would  be  the  same  from  the  twyers  to 
the  mouth.  But  in  the  case  supposed  oxide  of  iron  is  present,  and  the 
proportion  of  oxygen,  consequently,  in  relation  to  the  nitrogen  will 
increase  from  that  part  of  the  furnace  in  which  the  iron  is  completely 
reduced  up  to  that  part  where  reduction  commences,  or,  in  other  words, 
from  the  bottom  to  the  top  of  the  zone  of  reduction.  In  actual  practice 
the  simple  relation  in  question  is  not  maintained,  because  no  fuel 
M  ever  employed  free  from  oxygen,  and  the  whole  of  this  passes  into 
the  ascending  gaseous  current,  together  with  the  oxygen  existing  in 
the  carbonic  acid  of  the  limestone  used  as  flux. 

.Moreover,  atmospheric  air  is  not  only  always  moist,  but  is  subject 
to  considerable  variation  with  respect  to  degree  of  moisture ;  and, 
hence,  there  will  necessarily  bo  a  corresponding  variation  in  the 
oxygen  of  the  gaseous  current.  Again,  coke  and  coal  contain  between 
lc/0and  2%  of  nitrogen,  and  when  either  of  these  is  used  as  fuel,  the 
atmospheric  air  blown  in  will  not  be  the  only  source  of  nitrogen  in  the 
gas  evolved  from  the  mouth  of  the  furnace.  Still,  the  addition  of 
nitrogen  from  these  sources  is  comparatively  so  small  that  practically 
it  may  be  disregarded. 

In  atmospheric  air  the  relation  by  volume  l>etween  the  nitrogen  and 
oxygen  is  100  :  20-26.  In  the  preceding  tables  it  is  easy  to  find  the 
relation  by  volume  between  the  nitrogen  and  tho  oxygen  present  in 
the  two  states  of  combination  with  carbon,  namely,  as  carl)otiic  acid 
which  contains  its  own  volume  of  oxygen,  and  as  carbonic  oxide  which 
contains  only  half  its  volume  of  oxygen.  The  sum,  therefore,  of  the 
volume  of  the  carbonic  acid  and  half  the  volume  of  the  carbonic  oxide 
^presents  tho  volume  of  oxygen  which  would  exist  if  free,  as  in  atmo- 
spheric air. 

In  all  tho  preceding  experimental  investigations  concerning  the  cont- 
rition of  the  gaseous  current  of  blast-furnaces,  there  is  one  source  of 
error  which  should  particularly  be  borne  in  mind.  The  gas  from  any 
given  furnace  was  collected  at  successive  intervals  ;  and  it  is  doubt- 
ful whether  any  method  could  have  been  adopted  for  collecting  it 
simultaneously  at  diffeient  depths,  except  by  the  insertion  of  tubes 
through  the  sides  of  the  furnace,  which  would  have  involved  much 
additional  expense,  and  which  might  not,  after  all,  have  y  ielded  per- 
fectly satisfactory  results,  as  the  gas  from  the  centre,  owing  to  variation 
in  the  velocity  of  the  gaseous  current  in  different  parts  of  the  same 
transverse  sectional  area,  may  not  have  the  same  composition  as  that 
near  the  sides.  Now,  identity  of  conditions  cannot  bo  ensured  even  in 
die  same  furnace  for  an  hour,  much  less  for  a  day,  so  that  the  gas 
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collected  at  intervals,  however  short,  from  exactly  tho  same  part  of 
the  furnace,  working  with  the  same  charge,  may  not  have  tha  same 
composition.  It  would,  therefore,  be  unreasonable  to  expect  that  the 
observations  recorded  in  any  one  of  tho  foregoing  tables  should  bo  in 
exact  accord  with  any  general  deduction  from  the  whole. 

Assuming  carbonic  oxide  to  be  the  essential  agent  in  reduction,  the 
succession  of  chemical  changes  which  takes  place  in  the  blast-furnace 
from  the  mouth  downwards  might  have  been  certainly  predicated  on 
theoretical  grounds  ;  and,  as  far  as  I  am  able  to  judge,  the  importance, 
whether  in  a  scientific  or  practical  point  of  view,  of  the  results  of  the 
preceding  analytical  investigations  has  been  somewhat  overestimated. 
It  is  obvious  that  the  temperature  of  the  blast-furnace  must  in- 
crease downwards  to  tho  twyers;  and  if  there  had  been  any  doubt 
on  the  point,  it  is  removed  by  the  direct  experiments  which  have 
been  made  on  the  subject,  and  the  results  of  which  will  be  subse- 
quently stated  in  detail.  Temperature,  carbonic  oxide,  and  incan- 
descent carbon  explain  all  tho  phenomena  of  the  blast-furnace.  Tho 
iron  ore  in  its  descent  in  the  furnace  undergoes  the  following  succes- 
sion of  changes  :  loss  of  hygroscopic  water,  and — if  it  be  a  carbonate — 
loss  also  of  carbonic  acid  ;  loss  of  oxygen,  or  reduction  ;  carbui  ization 
of  the  reduced  iron,  and  fusion.  The  last  two  changes  probably  occur 
pari  passu.  Tho  furnace  has  accordingly  been  divided  into  four  corre- 
sponding zones — the  zone  of  preparation,  the  zone  of  reduction,  the 
zone  of  carburization,  and  tho  zone  of  fusion.  The  limits  of  these 
zones  must  obviously  be  subject  to  considerable  variation,  and  will 
specially  depend  on  the  form  of  tho  interior  of  the  furnace,  —on  the 
dimensions  of  the  furnace, — on  the  nature  of  the  fuel,— on  the  quality 
of  tho  ore  with  regard  to  reducibility,— on  the  burthen,  r.  e.  tho  pro- 
portion of  ore  to  fuel, — on  tho  size  of  the  materials  constituting  tho 
charge,  especially  of  the  ore, — on  the  amount  of  air  blown  in  in  a 
given  time,  or,  in  other  words,  on  tho  driving  of  the  furnace,— on  the 
temperature  of  the  blast,— and  on  other  conditions  in  a  minor  degree. 
The  term  zone,  as  applied  to  the  blast-furnace,  means  a  definite  hori- 
zontal sectional  area;  but  it  does  not.  follow  that  the  same  conditions 
as  to  temperature,  velocity  of  ascending  gaseous  current,  etc.,  should 
prevail  in  every  part  of  such  area.  Indeed,  in  some  instances  this  is 
certainly  not  the  case.  Even  in  the  same  furnace,  with  the  same 
charges  of  ore,  fuel,  and  flux,  these  zones  of  specific  action  may  not 
have  precisely  the  same  position  at  different  times,  as  it  has  been 
hitherto  found  impossible  to  ensure  uniform  results  from  any  furnace, 
though  working  under  apparently  identical  conditions.  With  all  the 
elements,  then,  of  variation  above-mentioned,  it  seems  almost  affec- 
tation to  prescribe,  as  is  sometimes  done,  the  limits  of  these  zones  in  a 
blast-furnace  with  as  much  precision  as  tho  zones  of  the  earth  are 
represented  on  geographical  maps. 

In  the  preceding  Tables  attention  should  specially  be  directed  to  tho 
decrease  in  tho  proportion  of  oxygen  relatively  to  the  nitrogen  in 
atmospheric  air  in  the  ascending  gaseous  current  at  considerable  depths 
in  the  furnace.   Now,  such  a  decrease  implies  an  abstraction  of  oxygen 
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from  the  gaseous  current  and  its  fixation  in  a  solid  state  of  combina- 
tion, or  an  evolution  of  nitrogen  in  sensible  quantity  from  the  solid 
contents  of  the  furnace  ;  but  I  cannot  understand  how  either  of  those 
results  should  occur.  In  only  one  instance  is  the  proportion  of  oxygen 
stated  to  be  actually  less  relatively  to  tho  nitrogen  in  atmospheric  air, 
and  that  is  in  the  third  column  of  Table  I.  In  Tables  II.,  III.  a.,  IV.,  V., 
the  relative  proportion  of  oxygen  increases  upwards  from  tho  last 
column  but  one  in  each  Table.  In  Table  I.  of  Bunsen  s  results  at 
Veckerhagen  and  in  Table  VIII.  of  Bunsen  and  Play  fair's  results  at 
Alfreton  the  irregularity  in  the  relative  proportion  of  oxygen  through 
a  considerable  extent  is  remarkable,  and,  as  it  seems  to  me,  difficult  to 
explain.  I  may  here  at  once  avow  that  there  is  such  an  apparent 
want  of  accord  between  many  of  the  results  in  these  various  Tables 
that  I  have  failed  in  attempting  to  elicit  from  them  any  satisfactory 
general  expressions,  as  might  reasonably  have  been  anticipated.  I 
must,  therefore,  leave  tho  reader  to  examine  each  Table  for  himself 
and  draw  his  own  inferences  therefrom. 

According  to  the  observations  of  Ebelmen  (see  Tables  III.  a.  and 
III.  b.)  the  gas  in  the  immediate  vicinity  of  tho  twyers  contains  a 
larger  proportion  of  oxygen  in  relation  to  nitrogen  than  exists  in 
atmospheric  air  ;  and  at  a  slight  distance  above  that  the  proportion 
decreases.  Tunner  and  Kichter  also  arrived  at  tho  same  result.  In 
Table  VIII.  of  Bunsen  and  Playfair's  results,  the  proportion  of  oxygen 
relatively  to  the  nitrogen  decreases  and  increases  in  a  strange  manner 
upwards  from  the  depth  of  24  ft.  below  tho  mouth.  Now,  accepting 
these  data  as  correct,  it  follows  necessarily,  that,  even  in  this  part  of 
the  furnace,  oxygen  must  be  liberated  from  the  descending  solid 
materials,  unless  we  admit  that  nitrogen  is  abstracted  from  tho  air 
blown  in  and  enters  into  a  state  of  solid  combination,  such,  for 
example,  as  that  in  the  cyano-nitrido  of  titanium.  But  there  is  cer- 
tainly as  yet  no  proof  of  the  formation  of  any  solid  compound  of 
nitrogen  in  sufficient  quantity  to  account  for  the  comparatively  large 
excess  of  oxygen  in  question.  The  only  way,  then,  in  which  that 
excess  can  be  explained  is  by  tho  reduction  of  some  oxidized  substance 
or  other.  Ebelmen  concludes  that  the  oxygen  is  derived  from  the  oxide 
of  iron  in  combination  with  silica  in  the  slag ;  and,  if  this  be  so,  tho 
so-called  zone  of  fusion  is  in  reality  also  a  zone  of  reduction.1 

Ebelmen  supposes  oxidation  to  occur  in  front  of  the  twyers  of  some 
of  the  reduced  iron,  that  the  resulting  oxide  of  iron  passes  into  the  slag 
in  the  state  of  silicate,  and  that  subsequently  reaction  will  necessarily 
take  place  between  the  oxido  of  iron  so  formed  and  the  carbon  of  the 
pig-iron  or  the  fragments  of  charcoal  mixed  with  the  slag,  with,  of 
course,  the  evolution  of  carbonic  oxide.1 

Ebelmen  remarks,  "  the  pasty  matters  which  coat  the  lining  of  the 
*  ouvrage  '  (»'.  e.  the  part  between  tho  top  of  the  hearth  and  tho  twyers) 
contain  silicate  of  iron,  which  is  reduced  by  tho  contact  of  charcoal 
with  the  formation  of  carbonic  oxido,  so  that  tho  gases  issuing  from  an 


<  Op.  cit.  p.  335.  3  Op.  cit.  p.  371. 
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orifice  pierced  in  the  lining  are  richer  in  carbonic  oxide  than  the 
gaseous  column  which  circulates  in  the  centre  of  the  1  ouvrage.' 
This,  however,  appears  to  be  only  conjecture. 

Ebelmen  does  not  state  the  composition  of  the  pig-iron  made  during 
the  course  of  his  experiments;  but  it  was,  doubtless,  not  free  from 
silicon.  The  reduction  of  silicon  by  the  joint  action  of  carbon  and 
iron  requires  a  very  high  temperature,  such  as  exists  in  the  vicinity 
of  the  twyers:  and  it  seems,  therefore,  reasonable  to  infer,  that  the 
excess  of  oxygen  may,  at  least  in  part,  be  due  to  such  reduction  of 
silicon.  In  some  of  the  English  furnaces  working  with  coke  and 
siliceous  ha?matites,  pig-iron  containing  as  much  as  37G»  or  a  st*N 
higher  percentage  of  silicon,  is  not  unusual ;  and  1  part  by  weight 
of  silicon  would  correspond  to  somewhat  more  than  the  same  weight 
of  oxygen,  tho  exact  relation  being  22-22  :  24.  Hence,  in  the  pro- 
duction of  this  richly  siliceous  pig-iron  the  amount  of  oxygen  evolved 
and  added  to  that  of  the  atmospheric  air  blown  in  through  the  twyers 
would  not  be  inconsiderable. 

It  now  remains  to  consider  the  other  statement  of  Ebelmen  above- 
referred  to,  namely,  the  abstraction  of  oxygen  from  the  ascending 
gaseous  current  at  a  short  distance  above  the  twyers.  This  seems  to 
be  only  intelligible  on  the  supposition  that  oxidation  takes  place,  and 
that  the  oxygen  therein  contained  becomes  fixed  in  the  descending 
solid,  or  rather  liquid,  materials  of  the  charge.  The  matter  so  oxidized 
and  fixed  can  only  be  reduced  iron,  and  the  oxygen  must  be  derived 
from  the  air  either  directly  or  indirectly  from  the  carbonic  acid  formed. 
It  is  not  a  little  puzzling  to  understand  how  within  such  a  limited 
space  oxidation  and  reduction  should  thus  alternately  occur.  We 
may,  indeed,  speculato  on  this  point,  but  speculation  will  be  vain 
without  the  aid  of  further  experimental  evidence.  It  would  be  well, 
however,  first  to  settle  the  question  whether  oxidation  of  iron  does 
►ensibly  occur  in  this  part  of  the  furnace,  as  Ebelmen  supposed.  He 
founded  upon  this  supposition  the  following  practical  deduction  :  "  If 
we  compare,"  he  writes,  M  two  kinds  of  fuel,  which  act  with  different 
rapidity  upon  air  and  carbonic  acid,  such  as  coke  and  charcoal,  it  is 
very  plain  that  it  will  be  necessary  to  increase  the  mass  of  the  least 
combustible  of  tho  two,  relatively  to  that  of  the  ore,  in  order  that 
oxidation  of  tho  iron  should  not  take  place  to  a  greater  extent  in  one 
case  than  in  the  other.  Thus  experience  has  proved  that,  on  the  average, 
twice  as  much  coke  [by  weight]  is  required  as  charcoal  to  produce  in 
the  blast-furnace  pig  iron  of  the  same  amount  and  of  the  same  quality. 
In  the  same  manner  may  bo  explained  the  difference  of  consumption  of 
the  same  furnace,  working  always  with  the  same  fuel,  according  as  it 
is  desired  to  produce  different  qualities  of  pig-iron.  Thus  much  more 
charcoal  is  consumed  in  order  to  obtain  grey  pig-iron  than  white.''* 
Ihero  is  no  doubt  about  this  fact,  though  there  may  be  much  as  to  the 
correctness  of  Ebelmen's  explanation  of  it. 

Jn  tho  foregoing  discussion  I  have  ignored  the  effect  which  might 

3  Op.  oit.  ,,.  9Sl».  *  Op.  cit.  2,  p.  372. 
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be  due  to  the  aqueous  vapour  of  the  blast ;  because  the  actual  amount 
of  this  vapour,  under  ordinary  conditions,  can  hardly  be  sufficient  to 
account  for  any  sensible  change  in  the  relations  existing  between  the 
oxygen  and  nitrogen  of  the  ascending  gaseous  current.  I  have  also  dis- 
regarded the  amount  of  oxygen  which  may  proceed  from  the  reduction 
of  alumina,  lime,  etc.,  as  the  proportions  of  aluminium,  calcium,  etc., 
which  have  been  found  to  exist  in  any  description  of  pig-iron,  are  so 
small  as  to  be  practically  insignificant. 

Theoretical  considerations  founded  on  principles  long  established  by 
experiment,  as  well  as  the  data  presented  in  the  foregoing  tables, 
clearly  point  to  carbonic  oxide  as  the  great  agent  of  reduction  in  the 
blast-furnace.  We  know  that  oxide  of  iron  is  readily  and  completely 
reduced  by  the  action  of  this  gas  even  at  a  red  heat,  with  the  for- 
mation of  carbonic  acid.  But,  as  incandescent  carbon  is  present  in  the 
blast-furnace,  the  carbonic  acid  resulting  from  reduction  is  immediately 
converted  by  contact  with  this  carbon  into  carbonic  oxide,  a  considerable 
amount  of  heat  being  thereby  abstracted  and  renderod  latent.  However, 
loss  of  heat  from  this  cause  may  in  a  certain  degree  be  compensated 
for  by  the  heat  developed  in  the  reduction  of  the  oxide  of  iron  by  the 
incandescent  carbon.  That  heat  is  so  developed  may  be  certainly  in- 
ferred from  the  fact  that  iron  during  oxidation  evolves  a  much  smaller 
number  of  units  of  heat  than  would  be  evolved  by  the  combustion 
of  carbon  with  the  same  quantity  of  oxygen,  provided  carbonic  acid  bo 
the  product. 

There  are  several  points  connected  with  the  actions  occurring  in  the 
blast-furnace,  which  are  so  obvious  as  scarcely  to  deserve  mention,  and 
to  which,  nevertheless,  it  appears  to  me,  some  writers  have  given  undue 
prominence.  Thus,  we  need  hardly  be  informed  that  the  vaporization 
of  water  and  the  liberation  of  the  carbonic  acid  from  the  limestone 
used  as  flux  will  tend  to  diminish  the  temperature  of  that  part  of  tho 
furnace  in  which  they  take  place.  Nor  do  we  requiro  to  be  specially 
reminded,  that  where  tho  calcination  of  the  limestone  is  effected,  there 
will  be  an  increase  in  the  proportion  of  carbonic  acid,  and,  conse- 
quently, of  oxygen  in  relation  to  the  nitrogen  in  tho  gaseous  current. 

Production  oj  Cyanogen  in  tlie  blast-furnace. — In  1835  my  friend,  Mr.  John 
Dawes,  formerly  of  the  Bromford  Iron-works,  near  Birmingham,  inserted 
in  the  specification  of  a  patent  for  improvements  in  the  manufacture 
of  iron,  a  claim  for  the  collection  of  cyanide  of  potassium  from  iron- 
smelting  furnaces  by  means  of  a  pipe  introduced  into  tho  furnace  near 
the  twyers.5  But  Desfosses  so  long  ago  as  1826  published  the  fact  that 
cyanide  of  potassium  was  formed  in  very  notable  quantity  by  passing 
nitrogen  over  charcoal  heated  to  redness.'  Doubts  were  however  en- 
tertained on  the  point,  on  tho  ground  that  tho  charcoal  upon  which  ho 
operated  might  not  have  been  free  from  nitrogen.  Many  years  after- 
wards Fownes  repeated  the  experiment  of  Desfosses,  replacing  common 


1  A  D.  1835.  December  9.  No.  (3948. 
Abridgments  of  Specifications  relating  to 
the  Manufacture  of  Iron  and  Steel,  p.  89. 


6  Ann.  de  Chiinie  et  do  Phvs.  38.  p. 
158.  1826.  KxtracUxl  from  Journ.  de 
Phannftcic,  t.  XII.) 
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wood  charcoal  by  that  of  sugar,  and  still  obtained  cyanide  of  potas- 
sium, since  which  the  correctness  of  the  original  statement  of  Desfosses 
has  been  regarded  as  fully  established. 

In  1842  Zinken  and  Bromeis  published  a  notice  of  the  occurrence  of 
cyanide  of  potassium  in  an  iron-smelting  furnace  at  Miigdesprung,  which 
had  been  blown  out,  and  in  which  charcoal  had  been  used  as  fuel/  In 
the  hearth  was  found  a  quantity  of  charcoal  impregnated  with  metallic 
lead  and  saline  matter.  It  was  left  for  four  months  in  water,  when  it  was 
completely  disintegrated,  forming  a  jelly-like  mass  containing  4-sided 
tabular  crystals  and  evolving  a  strong  odour  of  ammonia.  Bromeis 
analysed  this  mass  and  detected  in  it  free  potash,  carbonate,  silicate, 
manganate  and  cyanate  of  potash,  cyanide  and  ferrocyanide  of  potas- 
sium, the  latter  constituting  the  crystals  abovementioned  ;  and  he 
concluded  that  the  cyanogen  was  produced  by  the  direct  combination 
of  the  nitrogen  of  the  air,  under  the  influence  of  pressure  and  a  very 
high  temperature,  with  the  carbon  of  carbide  of  potassium. 

In  1843  Redlenbachor  published  an  account  of  the  formation  of 
cyanide  of  potassium  in  considerable  quantity  at  the  Mariazell  iron- 
smelting  furnace  in  Styria.*  This  furnace  was  worked  with  a  "  closed 
breast"  and  with  hot-blast,  of  which  the  temperature  occasionally 
reached  .'l.r>0°  0.  Three  saline  products  were  obtained  from  this  furnace, 
termed  white,  black,  and  grey  6alt.  There  was  a  ,4  light-hole " 
(Lichtloch)  in  the  fore-part  of  the  furnace,  through  which  flame  was 
allowed  to  escape  during  the  night  for  the  purpose  of  illumination. 
Tho  white  salt  was  collected  under  the  "light-hole,"  where  it  solidi- 
fied in  drops.  The  black  salt  was  deposited  in  the  pipes  which  carried 
oft'  the  waste  gases,  and  appeared  to  result  from  the  condensation  of 
the  bluish  smoke,  which  escaped  from  the  mouth  of  the  furnace  when 
worked  with  hot-blast.  The  grey  salt  was  detached  from  above  the 
"light-hole."  The  white  salt,  after  having  been  fused  in  a  porcelain 
crucible,  was  applied  commercially  in  electro-gilding.  It  is  described 
as  "  consisting  of  a  white,  yellowish,  reddish,  botryoido-reniform 
saline  mass  in  stone-liko  drops."  It  contained  no  chlorine,  and  had  all 
the  properties  of  a  mixture  of  cyanide  of  potassium  and  cyanate  of 
potash.  It  was  contaminated  with  metallic  iron,  carburized  iron, 
charcoal  powder,  and  carbonate  of  potash.  Both  the  black  and  the 
grey  salts  only  differed  from  tho  white  in  containing  larger  proportions 
of  foreign  matter. 

Bunsen  and  Playfair,  as  we  have  seen,  found  a  sensible  amount  of 
cyanogen  in  the  gases  from  the  lower  part  of  the  Alfreton  furnace ;  and 
they  also  collected  from  tho  same  furnace  cyanide  of  potassium  in 
considerable  quantity.9  They  bored  a  hole  over  the  "front"  of  the 
furnace  2  ft.  9  in.  above  the  level  of  the  twyer.  Gas  immediately 
issued  from  it,  which  burned  with  a  highly  luminous  yellow  flame, 


7  Ueber  die  Bildung  von  Cyunverbin-  I  55,  p.  89.  1842. 
duiigen  in  dm  Producten  dea  Miigdcs-  I     8  Aunal.  d.  Chan.  u.  Pharm.  47.  p.  150. 
granger  Hohofens ;   vom  Obcrbergrathe  1843. 

Zinktm   zu  Miigdesprung  und   Dr.   C.  '     ■  British  Assoc.  Rep.  ante  cit.  p.  182. 
Bromeil  zu  Gomel.     Poggend.  Annalen, 
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producing  copious  white  vapours.  An  iron  pipe  was  inserted  in  this 
hole  without  allowing  it  to  pass  into  the  furnace,  and  the  volatile 
products  which  escaped  from  it  under  a  pressure  of  several  feet  of 
water  were  collected.  These  products  contained  so  much  cyanide  of 
potassium,  that  special  precautions  were  necessary  to  avoid  its  poison- 
ous influence.  Although  the  iron  pipe  was  22  ft.  long,  yet  the  amount 
of  cyanide  of  potassium  carried  along  with  the  gas  was  so  great  as  in  a 
very  short  time  to  fill  glass  tubes  ±  in.  in  diameter.  The  free  end  of 
the  pipe  was  connected  with  an  empty  Wolf's-bottle,  to  which  another 
containing  water  was  attached,  so  that  the  gas  had  to  pass  through  a 
layer  of  water  4  in.  in  depth.  The  first  bottle  became  quickly  filled 
with  a  rich  white  sublimate  of  dry  cyanide  of  potassium,  while  the 
water  in  the  second  became  a  tolerably  concentrated  solution  of  the 
same  substance.  It  was  ascertained  that  2 1 ,933  cubic  inches  of  gas  were 
charged  with  0*8944  gramme  of  cyanide  of  potassium  in  mechanical 
suspension;  aud  it  was  computed  that  224*7  lbs.  of  cyanide  of  potas- 
sium were  generated  daily  in  the  Alfreton  furnace,  100  parts  of  coal 
yielding  0*  778  of  the  salt. 

The  iron  pipe  when  withdrawn  from  the  furnace  was  found  to  bo 
encrusted  externally  with  melted  cyanide  of  potassium,  which  speedily 
deliquesced  in  the  air.  On  bringing  the  pipe  in  contact  with  water, 
a  considerable  quantity  of  hydrogen  was  evolved,  which  was  attri- 
buted to  the  presence  either  of  potassium  or  of  its  compound  with 
carbonic  oxide.  In  tho  interior  of  the  pipe  three  or  four  times  more 
cyanide  of  potassium  was  condensed.  The  origin  of  the  potassium  is 
easily  accounted  for,  as  potash  was  found  both  in  the  iron-ore  and 
coal,  though  not  in  the  limestone. 

Although  cyanide  of  ammonium  is  stated  to  be  easily  generated  by 
the  contact  of  ammonia  with  carbon  at  a  high  temperature,  yet  liunsen 
and  l'layfair  consider  that  cyanogen  cannot  be  the  result  of  this  action 
in  the  furnace  ;  for  the  only  source  of  ammonia  being  the  coal  (except, 
of  course,  the  minute  proportion  in  the  air  blown  in),  and  cyanogen 
being  only  formed  at  the  lower  and  hottest  part  of  the  furnace,  44  it 
would  be  absurd  to  suppose  that  the  coal  which  reaches  this  part 
could  contain  a  trace  of  ammonia,  exposed  as  it  has  been  for  eighty 
hours  to  a  red  heat,  and  in  one  part  to  a  temperaturo  sufficient  to 
reduce  potash."  They  arrived  at  tho  conclusion,  44  that  the  nitrogen 
of  the  air  introduced  by  the  blast  combines  directly  with  carbon  to 
form  cyanogen." 

Bunsen  and  Playfair  appear  conclusively  to  have  established  by 
experiments,  that  cyanide  of  potassium  was  copiously  produced  when 
nitrogen,  free  from  all  traces  of  ammonia,  was  passed  over  sugar 
charcoal  in  admixture  with  chemically  pure  carbonate  of  potash.' 


1  The  apparatus  used  iu  these  experi-  j  gun-barrel  was  kept  in  a  furnace,  so  that 
nwits  consisted  of  a  gasometer,  from  the  air  traversing  it  was  thoroughly  de- 
wliich  a  uniform  stream  of  air  was  made  |  prived  of  oxygen  and  passed  into  the  gun- 
to  paw  through  a  bottle  filled  with  sul-  barrel  filled  with  a  mixture  of  2  parts  of 
pliuric  aeid,  and  then  through  a  gun-  '  charcoal  from  sugar,  and  1  jvart  of  chemi- 
twrel  filled  with  ropper-tumings.    The    eallv-pure  carbonate  of  potash,  and  heateil 
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44  Hence,"  they  write,  11  we  cannot  for  a  moment  demur  to  the  con- 
clusion,— That  a  considerable  quantity  of  cyanide  of  potassium  is 
formed  in  iron  furnaces  immediately  above  the  point  where  the  blast 
comes  in  contact  with  the  glowing  fuel,  and  that  it  owes  its  formation 
to  a  direct  union  of  carbon  with  potassium  and  nitrogen  of  the  air." 

Cyanide  of  potassium  is  regarded  by  Bunsen  and  Playfair  as  an 
important  agent  in  the  reduction  of  the  iron.  They  satisfied  them- 
selves by  experiment  that  it  is  volatile  at  high  temperatures,  and 
suppose  that  it  is  earned  upwards  partly  in  vapour  and  partly  in  a 
solid  state  by  the  ascending  current  of  gas  to  the  so-called  zone  of 
reduction.  It  there  exerts  its  well-known  reducing  power  and  is 
resolved  into  nitrogen,  carbonic  acid,  and  carbonate  of  potash,  and 
this  salt,  not  being  volatile,  descends  along  with  the  solid  materials  of 
the  furnace  to  that  point,  where,  under  the  influence  of  carbon  and 
nitrogen,  it  is  again  converted  into  cyanide  of  potassium.  Hence, 
they  infer  that  in  this  way  a  large  quantity  of  ore  may  be  reduced  in 
the  lower  part  of  the  furnace  by  a  comparatively  small  quantity  of 
the  regenerated  cyanide.  44  The  importance,"  they  observe,  44  of  this 
view  of  the  part  played  by  cyanide  of  potassium,  although  previously 
entirely  neglected,  will  be  seen  when  we  consider  that  this  powerful 
reducing  agent  must  accumulate  in  the  furnace  to  a  considerable 
extent.  The  region  of  the  furnace  where  the  highest  temperature 
prevails  forms  a  limited  space,  beyond  which  the  cyanide  of  potassium 
cannot  extend  to  the  lower  parts  of  the  furnace  until  its  quantity  is  so 
much  increased  by  the  potash  descending  in  the  materials  supplied 
that  the  of  cyanide  of  potassium  escapes  volatilization  and 

reaches  the  blast,  where  it  is  burnt  and  converted  into  nitrogen, 
carbonic  acid,  and  carbonate  of  potash,  the  basis  of  which  unites  with 
the  slag.  We  have  already  shown  that  the  relation  of  the  nitrogen  to 
the  oxygen  in  the  gaseous  mixture,  collected  only  two  and  a  half  feet 
over  the  twyer,  is  79-2:22-8,  after  deducting  a  quantity  of  oxygen 
corresponding  to  the  hydrogen.    If  the  gas  generated  at  this  place 


sufficiently  to  reduce  potassium.  In  I  sulphuric  acid  that  the  bubbles  passed 
the  same  furnace  was  placed  another  [  ouly  once  in  a  seeoud,  its  absorption  by 


gun- barrel  filled  with  the  same  mixture, 
and  over  which  a  stream  of  dry  carbonic 
acid  was  passed.  When  both  the  systems 
were  completely  filled,  one  with  nitrogen, 
the  other  with  carbonic  acid,  the  streams 
of  gas  were  allowed  to  pass  slowly  over 


the  potash  was  complete,  and  no  gas  ap- 
peared  at  the  mouth  of  the  gun-barrel ; 
but  as  soon  as  the  temperature  was  low- 
ered, so  as  to  be  under  that  necessary  for 
the  reduction  of  potassium,  the  absorption 
of  nitrogen  censed.    The  contents  of  the 


the  mixture  of  enrbonato  of  potash  and  tube  over  which  carbonic  acid  had  passed 
charcoal,  both  the  tubes  in  the  same  fur-  were  examined  after  cooling  without  the 
nace  being  kept  at  a  temperature  sufficient  detection  of  the  smallest  trace  of  cvanido 


to  reduce  potassium.  The  gas  which 
escaped  from  the  tube  filled  with  carbonic 


of  potassium.  The  mixture  treated  with 
nitrogen,  on  the  other  hand,  dissolved 


acid  had  all  the  characters  of  pure  car-  (with  the  exception  of  its  charcoal)  with 

bonic  oxide,  and  burned  without  deposit-  a  very  powerful  odour  of  hydrocvanic  acid, 

ing  any  sublimate.    The  tube  over  which  The  solution  exhibited  all  the  reactions  of 

nitrogen  passed  emitted  a  gas  richly  laden  cyanide  of  potassium,  and  vielded  (>-yS2 

with  a  white  smoke  of  cyanide  of  potas  grms.  of  cyanide  of  silver,  which  dissolved 
sium,  which  sublimed  in  such  quantity  as  I  with  decomposition  in  fuming  sulphuric 

to  »u>p  the  conducting-tube.    When  the  acid  without  leaving  anv  residue  of  chloride 

nitrogen  was  passed  so  slowly  through  the  of  silver  after  dilution  with  water. 
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contained  only  the  nitrogen  and  oxygen  due  to  the  air,  the  proportion 
would  be  79-2  :  20-8  ;  and  hence  it  follows  that  the  gases  at  this  point 
must  either  have  obtained  oxygen  from  a  source  independent  of  the 
air,  or  that  a  proportion  of  nitrogen  has  been  abstracted  from  them. 
Any  one  who  has  had  the  opportunity  of  observing  the  temperature 
of  the  furnace  at  this  part  will  at  once  agree  with  the  opinion  that  tho 
excess  of  oxygen  cannot  be  derived  from  the  carbonic  acid  or  iron-ore. 
A  simple  inspection  of  the  materials  enables  us  to  reject  such  an 
explanation  as  erroneous,  for  the  fused  materials  flowing  from  the 
furnace  do  not  evolve  gas,  although  they  come  from  a  point  in  tho 
immediate  vicinity  of  that  where  the  oxygen  has  been  taken  up.  We 
must  therefore  admit  that  this  phenomenon  is  connected  with  the 
formation  of  cyanide  of  potassium  in  tho  furnace.  The  potash,  as  it 
yields  its  oxygen  to  carbon  during  its  conversion  into  cyanide  of 
potassium,  assumes  for  every  volume  of  oxygen  lost  by  it  two  volumes 
of  nitrogen  in  the  form  of  cyanogen,  and  consequently  tho  proportion 
of  nitrogen  to  oxygen  is  necessarily  increased." 

It  does  not  seem  very  clear  why  M  the  cyanide  of  potassium  cannot 
extend  to  the  lower  parts  of  the  furnace  until  its  quantity  is  so  much 
increased  by  the  potash  descending  in  the  materials  supplied  that  tho 
excess  of  cyanide  of  potassium  escapes  volatilization,"  etc.  The  vola- 
tilization of  the  cyanide  depends  solely  upon  temperature,  and  cannot, 
so  far  as  I  can  understand,  be  affected  by  the  addition  of  potash  from 
above.  The  language  of  tho  authors  relating  to  this  point  is  hardly 
so  perspicuous  as  it  might  be,  and  I  may  possibly  have  misinterpreted 
their  meaning. 

According  to  the  calculation  of  Bunsen  and  I'layfair  380  lbs.,  in 
round  numlxers,  of  cyanide  of  potassium  were  generated  in  tho 
Alfreton  furnace  in  tho  course  of  24  hours,  and  during  tho  samo 
period  33,600  lbs.  of  ironstone  wero  smelted.  From  the  context  I 
conclude  that  calcined  ironstone  is  here  referred  to.  An  average 
sample  of  this  ironstone  contained,  in  round  numbers,  42*2  °/Q  of 
metallic  iron ;  consequently,  supposing  reduction  to  have  been  com- 
plete, 1 4,1 79*2  lbs.  or  6*3  tons  (of  2240  lbs.  to  the  ton)  of  pure  iron  or 
about  b'-5  tous  of  pig-iron  would  havo  been  reduced,  t.  e.  f>90-8  lbs.  of 
pure  iron  per  hour,  or  9*84  lbs.  per  minute.  Now,  the  amount  of 
cyanide  of  potassium  generated  per  hour  was  15*83  lbs.,  or  0*2<>  lb.  per 
minute.  One  equivalent  of  cyanido  of  potassium  (K  Cy  =  0.VI49) 
requires  5  equivalents  of  oxygen  in  order  to  convert  the  carbon  into 
carbonic  acid  and  the  potassium  into  potash.  Hence,  the  quantity  of 
cyanide  of  potassium  generated  per  minute,  namely  0*2ti  lb.,  would 
correspond  only  to  tho  reduction  of  0*37  lb.  of  pure  iron  (from  l  VO*) ; 
whereas  9*84  lbs.  were  reduced  per  minute.  Unless,  therefore,  tho 
oxidation  and  regeneration  of  the  cyanido  of  potassium  took  place  with 
a  degree  of  rapidity  hardly  admissible,  it  is  obvious  that  tho  function 
of  this  salt  as  a  reducing  agent  in  the  Alfreton  furnace  could  not 
have  been  so  important  as  Bunsen  and  ITayfair  maintain.  Indeed,  its 
service  in  this  respect  must  be  so  inappreciable  that  it  may  well 
have  been  '•previously  entirely  neglected." 
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Although  the  experiments  of  Desfosses,  Fownes,  and  others  enable 
ns  clearly  to  account  for  the  occurrence  of  cyanide  of  potassium  in  the 
blast-furnace,  yet  they  do  not  explain  the  presence  of  free  cyanogen, 
which  Bunsen  and  Playfair  not  only  detected,  but  quantitatively  esti- 
mated, in  the  gaseous  current  at  the  lower  part  of  the  furnace.  Sup- 
posing it  to  have  been  derived  from  the  cyanide  of  potassium  formed, 
the  question  arises,  how  was  it  disengaged  from  that  compound  ? 
Further  experiments  are  required  to  obtain  a  satisfactory  answer.  Is 
cyanogen  capable  of  being  dissociated  from  potassium  at  a  very  high 
temperature,  as  Deville  has  recently  shown  to  bo  the  case  with  car- 
bonic acid,  which  is  partially  resolved  into  carbonic  oxide  and 
oxygen?  Or,  was  the  cyanogen  evolved  from  the  fuel,  which  always 
contains  nitrogen?  Hydrocyanic  acid  and  hydrosulphoc3Tanic  acid 
occur  in  the  products  of  the  distillation  of  coal.  It  should  be  bome  in 
mind  that  after  Bunsen  and  Playfair  had  announced  the  fact  of  their 
having  detected  cyanogen  in  the  gas  of  the  blast-furnace,  Ebelmen 
expressly  sought  for  it,  yet  in  vain.  But  the  negative  evidence  of  this 
observer  cannot  countervail  the  very  decided  and  positive  statement  of 
an  opposite  character. 

With  reference  to  the  occurrence  of  carbonate  of  potash  in  the 
lower  and  hottest  part  of  the  blast-furnace,  it  should  be  here  stated 
that  Berthier  published  a  notice  of  the  fact  in  1826."  He  analysed 
the  scoriaceous  matter  rich  in  alkali,  which  was  daily  deposited  above 
the  tapping  hole  of  furnaces  at  Merthyr  Tydvil,  and  which  the 
workmen  collected  at  intervals  in  order  to  make  ley  with  it.  Berthier 
describes  it  as  composed  of  little  scorifonn,  black  magnetic  lumps — 
coated  with  a  deliquescent  strongly  alkaline  matter,  and  amongst 
which  m  Humiliated  grains  of  slag  could  be  perceived.  This  matter 
consisted  of  38*5%  of  soluble  salts  and  61-5%  of  insoluble  residue,  of 
which  the  composition  was  as  follows  : — 

Soluble  Salts. 


Carbonate  of  potash    63 

Sulphato  of  potash   37 

Silica   trace 

100 


No  chlorine  or  phosphoric  acid  was  detected. 

Insoluble  Residue. 

Silica   34  3 

Protoxido  of  iron    26*0 

Alumina.   4  0 

Lime    5 -2 

Potash    20  5 

Intermixed  slag    10  0 


100  0 

Berthier  rightly  inferred  that  the  alkali  was  derived  from  the  iron- 
stone of  the  coal-measures,  smelted  in  the  Merthyr  Tydvil  furnaces, 


5  Ann.  des  Mines,  1.  S.  13.  p.  101.  182G. 
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and  from  the  ashes  of  the  coke ;  that  it  first  enters  into  combination 
with  the  slag,  and  that  as  this  passes  in  front  of  the  twyer,  it  is 
separated  by  volatilization  and  escapes  in  great  measure  through  the 
tapping  hole.  It  is  probable  that  cyanogen  existed  in  the  substance 
analysed  by  Berthier,  especially  in  the  form  of  cyanate  of  potash,  and 
that,  not  suspecting  its  presence,  he  failed  to  detect  it. 

Temperature  of  the  Blast-fcrxace  at  different  depths. 

Direct  experiments  on  this  subject  have  been  inade  by  Kbelmeu." 
At  the  furnace  at  Audincourt,  which,  I  presume,  was  the  same  as 
that  of  which  the  dimensions  have  been  previously  given,  he  obtained 
the  following  results  when  it  was  working  on  cold-blast  with  charcoal 
as  the  fuel.  Three  weeks  after  it  was  blown  in,  115  kil.  of  charcoal 
were  consumed  to  30(3  kil.  of  ore,  and  the  pig-iron  made  was  very 
grey. 

Temperature  at  the  mouth—  With  a  "high  charge"  it  did  not  suffice 
to  liquefy  sulphur,  which  melts  at  112°C.  With  a  "low  charge" 
sulphur  melted  and  remained  very  liquid,  which  proved  that  tho 
temperature  of  the  escaping  gas  could  not  have  far  exceeded  the 
melting-point  of  that  element. 

Ebelmen  remarks  that  very  often,  after  the  chargo  of  ore  in  iron- 
smelting  furnaces  working  with  charcoal,  the  escaping  gas  becomes 
opaque,  owing  to  the  condensation  of  the  aqueous  vapour  contained  in 
it;  and  as  this  does  not  exceed  12%  or  13%  of  the  total  volume  of 
the  gas,  it  follows  that  with  a  light  burthen  the  temperature  of  tho 
gaseous  current  must  be  lowered  to  .r>0°  C.  or  <>0°  C.  It  is  further 
stated  by  the  same  observer,  that  in  another  blast-furnace  working 
with  charcoal  he  found,  that  threo  weeks  after  it  had  been  blown  in, 
when  the  escaping  gas  was  extinguished,  the  hand  might  be  kept  in  it 
for  a  very  long  time  with  only  a  feeble  sensation  of  heat. 

In  order  to  ascertain  the  temperature  below  the  mouth,  an  iron 
rod  was  used,  having  at  the  end  a  cavity  to  receive  a  very  small  cru- 
cible capable  of  being  closed  with  an  iron  plate  screwed  on  tho  rod. 
In  this  crucible  wires  of  pieces  of  metal  of  different  degrees  of 
fusibility  were  placed.  In  some  experiments  a  little  ingot  of  tho 
metal  was  simply  fixed  at  the  end  of  tho  rod,  and  so  lowered  in  tho 
furnace. 

Temperature  at  8" 04  (26  ft.  4-54  in.)  behxc  the  mouth,  and  at  0™  63  (2  ft. 
0  80  in.)  above  the  top  of  the  boshes—  Silver  wire  was  melted,  and  the  end 
of  the  rod  when  withdrawn  was  bright  cherry-red.  Copper  was  not 
melted,  although  the  rod  remained  20  minutes  in  the  furnace. 

Temperature  in  an  owning  made  0m90  (2  ft.  11*43  in.)  above  and  ojymite 
the  hcyer. — Both  copper  and  gold  melted.  Tho  rod  after  remaining  in 
20  minutes  was  nearly  white  hot.  It  was  covered  with  small  drops  of 
pig-iron  and  slag,  and  hollowed  into  numerous  small  cavities  produced 
probably  by  the  molten  pig-iron ;  but  it  was  not  distorted  in  form. 

Temperature  in  ttui  hcyer.— Wrought-iron  melted  almost  instantane- 
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ously.  A  rod  of  iron  0ro  02  (0  ft.  79  in.)  in  diameter  and  0m  25  (9*84  in.) 
in  length  was  completely  melted  in  less  than  half  a  minute.  Porcelain 
was  also  melted  nearly  instantaneously. 

At  the  blast-furnace  of  Pont  PEvequo  (near  Vienne,  Isere)  working 
with  coke,  Ebelmen  made  Beveral  observations  upon  temperature.* 
Tho  dimensions  of  this  furnace  were  as  under : — Width  at  the  mouth 
lm25  (4ft.  1-21  in.),  at  the  top  of  the  boshes  3™00  (9  ft.  1011  in.),  at 
the  top  of  the  "ouvrage"  lm00  (3ft.  3-37  in.),  between  the  twyers, 
of  which  there  were  two  (water-twyers),  0m75  (2  ft.  5*55  in.).  Height 
from  the  mouth  to  the  top  of  the  boshes  7m15  (23  ft.  5*50  in.),  of  the 
boshes  2W55  (8ft.  4-40 in.),  of  the  "ouvrage"  O^O  (2ft.  7-50 in.), 
of  the  hearth  0m50  (1  ft.  7-69  in.);  total  height  of  the  furnace  ll^OO 
(36  ft  107  in.).  The  diameter  of  each  twyer  was  0"072  (2-84  in.), 
and  that  of  the  nozzle  of  each  blast  pipe  O^OG?  (2-64  in.).  The  pres- 
sure of  the  blast  varied  from  0m  026  (1  03  in.)  and  0m030  (1-18  in.) 
of  a  column  of  mercury,  which  sec  ins  remarkably  small.  The  tempe- 
rature of  the  blast  near  the  twyer  did  not  exceed  130°  C.  A  portion  of 
the  gas  was  utilized  and  taken  off  midway  between  the  mouth  and  top 
of  the  boshes  (au  milieu  de  la  cuve).  The  charge  consisted  of  253  kil.  of 
different  ores  (oolitic,  composed  essentially  of  earthy  hydrated  sesqui- 
oxide  of  iron)  inclusive  of  some  forgo  cinders  and  of  150  kil.  of  coke, 
with  a  yield  of  75  kil.  or  30%  of  pig-iron.  On  the  average  in  12  hours 
24  charges  were  passed,  and  1800  kil.  of  white  or  mottled  pig-iron 
were  made.  The  furnace,  however,  had  not  yet  reached  its  full  make, 
having  been  in  blast  only  3  weeks  previously. 

Temperature  at  the  mouth  29  days  after  the  furnace  had  been  blown  in. — 
With  a  11  heavy  charge  "  tin  melted,  but  lead  did  not,  so  that  the  tem- 
perature was  between  228°  C.  and  330°  C. »  With  a  "  low  charge  "  lead 
and  zinc  melted,  but  antimony  did  not,  so  that  tho  temperature  of  the 
gas  was  between  360°  0.  and  430°  C. 

Temperature  at  the  top  of  the  boshes  (au  ventre). — Copper  melted  in 
20  minutes.    White  pig-iron  became  disaggregated,  but  did  not  melt. 

Temperature  at  0m  67  (2  ft.  2  38  in.)  al>ove  the  twyer.— Copper  and  gold 
melted  easily.  An  iron  rod  0m 009  (0*35  in.)  in  diameter,  and  1~00 
(3  ft.  3*37  in.)  in  length,  melted  in  15  minutes.  W  hen  withdrawn  it 
was  heated  to  incipient  whiteness  and  scintillated  in  the  air,  but  was 
not  distorted  in  form.  It  was  coated  with  a  steely  layer.  Porcelain 
underwent  no  change. 

Temjjerature  at  0m  29  (1 1*41  in.)  above  tlie  twyer. — An  iron  rod  0m009 
(0-35  in.)  in  diameter,  and  0™  20  (7*87  in.)  in  length,  completely 
melted  in  less  than  1$  minute.  Taken  out  after  1  of  a  minute,  it  had 
not  melted,  but  was  heated  to  wolding  whiteness  and  scintillated  in 
tho  air.  These  two  experiments  were  repeated,  and  with  the  same 
results. 

Temperature  at  the  twyer. — An  iron  rod  0m  009  (0  35  in.)  in  diameter 
and  0m30  (11-81  in.)  in  length  melted  in  less  than  half  a  minute.  Por- 
celain also  melted  nearly  instantaneously. 
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From  the  preceding  experiments  Ebelmen  concludes  that  in  the 
same  zones  the  temperature  of  blast-furnaces  working  with  coke  is 
notably  higher  than  that  of  blast-furnaces  working  with  charcoal,  and 
that  these  differences  of  temperature  are  in  relation  to  the  differences 
in  composition  of  the  gas  from  the  same  regions  of  these  two  kinds  of 
furnaces.  But  it  should  be  borne  in  mind  that  the  charcoal  furnace  at 
Audincourt  was  working  with  cold  blast,  and  the  coke  furnace  at  Pont- 
1'Eveque  with  hot  blast.  However,  Ebelmen  offers  the  following  ex- 
planation of  the  fact.  The  temperature  of  the  descending  solid  column 
is  clue  to  the  sensible  heat  of  the  gaseous  column  ascending  from  the 
twyers.*  The  volume  of  gas  is  nearly  proportionate  to  the  fuel  intro- 
duced ;  and  as  it  is  much  greater,  for  a  given  weight  of  ore,  in  coko 
than  in  charcoal  furnaces,  its  temperature  will,  consequently,  be  higher 
in  the  former  than  in  the  latter.  In  charcoal  furnaces,  for  100  parts 
by  weight  of  pig-iron,  the  consumption  of  charcoal  varies  from  100  to 
150,  which  by  calcination  during  its  descent  is  reduced  to  90  and  135 
of  carbon;  whereas,  in  the  two  coko  furnaces  which  Ebelmen  studied, 
the  consumption  of  coke  ranged  from  285  to  200  parts  by  weight  for 
100  of  pig-iron,  and  after  deduction  of  15%  for  ashes,  from  242  to  170 
of  carbon.  The  reason  assigned  by  Ebelmen  for  this  difference  is  that 
charcoal  is  more  susceptible  of  combustion  than  coke ;  and  hence  the 
zone,  in  which  carbonic  acid  exists,  appears  always  to  bo  notably 
more  extended  with  coke  as  the  fuel  than  with  charcoal.  With  respect 
to  the  temperature  in  different  zones  much  may  reasonably  be  expected 
to  depend  on  the  nature  of  the  charge,  especially  the  proportion  of  fuel, 
the  form  of  the  interior  of  the  furnace,  the  pressure  and  temperature 
of  the  blast,  the  amount  of  air  blown  in  in  a  given  time,  and  possibly 
upon  the  mode  in  which  it  is  distributed,  whether,  for  example,  from 
one,  two,  or  several  twyers. 

Tunner  has  made  direct  experiments  in  order  to  ascertain  the  tem- 
perature of  the  blast-furnace  at  different  depths ;  and  for  this  purpose 
he  used  pyrometric  alloys  of  lead  and  silver,  of  silver  and  gold,  and  of 
silver  and  platinum.7  The  apparatus  in  which  they  were  placed  con- 
sisted of  a  very  short,  hollow  cylinder  or  ring  of  wrought-iron,  3  in.  in 
diameter,  5  lines  broad,  and  7  lines  deep,  having  on  its  upper  surface 
a  series  of  circular  cavities.  This  ring  was  fixed  in  the  top  of  a  short 
cylindrical  box  of  strong  sheet-iron,  of  which  the  bottom  was  convex 
upwards  and  perforated  like  a  colander  with  numerous  round  holes  to  . 
allow  of  the  free  passage  of  the  gas.  On  the  top  was  fitted  a  conical 
cover  of  sheet-iron  with  a  ring  at  the  summit  by  which  it  could  bo 
attached  to  a  chain.  For  the  sake  of  greater  protection  there  was  a 
second  outer  conical  cover  extending  to  about  half  the  depth  of  the 
inner  one,  and  sufficiently  wide  to  leave  a  free  space  between  the  two. 
Round  the  upper  part  of  the  inner  cover  was  a  scries  of  vertical  slits 
to  allow  of  the  escape  of  the  gas  which  might  enter  through  the  per- 
forated bottom.  The  apparatus,  with  various  alloys  in  the  holes  of  the 
ring  above  mentioned,  was  lowered  in  the  furnaco  by  means  of  a  chain 
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passing  over  a  pulley  at  the  tunnel  head,  and  after  having  been  left 
for  a  sufficient  time  was  withdrawn,  the  depth  to  which  it  had  sunk 
being  carefully  noted.  It  was  found,  as  might  have  been  anticipated, 
that  the  temperature  increased  at  a  pretty  uniform  rate  downwards. 
The  temperature  of  the  gas  escaping  from  the  mouth  of  the  furnace  up 
to  320°  C.  was  determined  by  means  of  the  mercurial  thermometer. 
The  furnace  selected  for  experiment  was  the  Wrbna  furnace  at  Eisenerz, 
in  Styria,  of  which  the  dimensions  have  been  stated  (see  p.  437). 
The  following  are  the  results : — 

Temperature.  Temperature. 
Depth  In  feet.  Ceullgrmle.  Depth  In  feet.  Centigrade. 

0    3203  21    840? 

7    34</>  .               24    910° 

11    550°  25$    950° 

15    G40°  29    115(P 

17    GS(T  34    1450^ 

The  last  result  was  obtained  by  introducing  the  alloy  through  a  hole 
in  the  fore-part  of  the  furnace  (Lichtloch,  or  light-hole).  The  platinum 
alloys  were  required  below  the  depth  of  25^  ft.,  the  melting  points  of 
the  least  fusible  of  the  silver  and  gold  and  silver  and  platinum  alloys 
being  estimated  at  1100°  and  1175°  respectively.  As  platinum  and 
iron  tend  readily  to  alloy  together  at  high  temperatures,  yet  below  the 
melting  point  of  each  metal,  it  might  have  been  desirable  to  prevent 
direct  contact  between  the  pyrometric  alloys  of  platinum  and  the  iron 
of  the  ring  in  which  they  were  placed. 

Direct  experiments  were  also  instituted  by  Tunner  to  ascertain  the 
temperature  of  the  gases  escaping  from  the  mouth  of  a  furnace  in 
which  raw,  instead  of  roasted,  spathic  ore  was  Bmelted,  and  it  was,  as 
might  naturally  have  been  expected,  found  to  bo  much  lower  than  in 
a  furnace  working  on  roasted  ore.8 

In  the  NVrbna  furnace,  in  which  roasted  spathic  ore  was  smelted, 
Tunner  found  that  the  first  signs  of  reduction  to  the  metallic 
state  appeared  between  the  depths  of  22  ft.  and  25  ft.,  at  a  teni- 
peraturo  estimated  between  850n  C.  and  900°  C,  about  2  hours 
being  required  for  the  ore  to  descend  from  the  mouth  of  the  fur- 
nace to  this  depth.  In  the  St.  Stefan  (St.  Stephen)  furnace,  also 
before  mentioned,  in  which  a  mixture  of  equal  weights  of  raw 
and  roasted  ore  was  smelted,  at  the  depth  of  31  ft.,  which  the  ore 
reached  in  G  hours  in  its  descent  from  the  mouth,  and  at  840*0., 
reduction  to  the  metallic  state  was  less  advanced  than  in  the  Wrbna 
furnace  at  between  22  ft  and  25  ft.  in  depth.  This  observation 
Tunner  considers  instructive,  "  as  showing  that  reduction  which  has 
commenced  is  more  promoted  by  a  rapid  increase  of  temperature  than 
by  exposuro  to  a  lower  temperature  during  a  longer  period."  In  col- 
lecting specimens  of  the  ore  for  examination,  Tunner  employed  a 
similar  kind  of  apparatus  to  that  by  which  he  determined  the  tempera- 
tures, omitting  the  ring  and  placing  the  ore  in  the  box  with  perforated 
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bottom  and  conical  covers.  Experiments  were  made  upon  the  ore 
mixed  with  charcoal  as  well  as  upon  the  unmixed  ore. 


Direct  Experiments  on  the  Changes  which  the  Materials  or  the 
Blast-Furnace  undergo  in  their  Descent. 

Experiments  of  this  nature  were  made  by  Ebelmen  at  the  Clerval  fur- 
nace, the  dimensions  of  which  have  been  previously  stated."  The  ore, 
etc.,  was  lowered  into  the  funuice  in  an  apparatus  freely  permeable  to 
gas, and  then  withdrawn  and  immediately  put  into  well-stoppered  bottles. 
This  apparatus  consisted  of  a  bell  of  strong  sheet-iron  in  the  form  of  a 
truncated  cone,  about  1  litre  (61  cubic  inches  or  1*76  pint)  in  capacity. 
It  had  a  ring  at  the  top,  by  which  it  was  attached  to  a  very  strong 
chain  passing  over  an  iron  pulley  fixed  about  2  metres  (6  ft.  6*7  in.) 
over  the  mouth  of  the  furnace.  It  was  closed  at  the  bottom  by  a 
moveable  iron  disc,  which,  as  well  as  the  bell  itself  was  perforated 
with  numerous  holes  to  allow  of  the  entrance  and  free  circulation  of 
gas.  The  chain  was  marked  at  intervals,  so  that  the  distance  to  which 
the  bell  descended  in  the  furnace  might  be  measured.  It  required  at 
least  four  men  to  pull  up  the  apparatus  from  the  depth  of  4ro85  (15  ft. 
10*05  in.).  By  means  of  this  apparatus  Ebelmen  also  ascertained  the 
rate  at  which  the  carbonization  of  wood  proceeds  at  different  depths  in 
the  blast-furnace. 

The  iron-producing  materials  operated  upon  were  two  varieties  of 
earthy  brown  haematite  and  rich  slag  produced  at  the  end  of  the  pro- 
cess of  converting  cast  into  malleable  iron  in  the  charcoal  hearth.  The 
composition  of  these  ores  and  of  tho  slag  is  stated  by  Ebelmen  as 
follows : — 

I. 

Water  15-  0 

Carbonate  of  lime  

Carbonate  of  magnesia ...  .. 

Sesquioxide  of  iron   59(5 

Oxide  of  manganic   0'4 

Oxide  of  chromium   trace 

Alumina,  soluble    0-0 

Silica,  soluble   5*6 

ED8olnbknridiie|||lami^1^| 


100- 0 


II. 

in. 

10-0 

  1-4 

86*8 

truce 

86*2 

04 

truce 

30 

3-8 

8-8 

00 

99-6 

100-O 

L  This  ore  was  pisolilic,  consisting  of  very  round  particles  not 
exceeding  a  pea  in  size.  Its  powder  was  brownish  yellow.  The  loca- 
lity was  La  Chapelle,  Saint  Quillain  (Hauto-Sadne). 

II.  It  was  in  the  form  of  small  oolitic  grains  of  hydrated  sesquioxide 
of  iron,  disseminated  through  an  argillo-calcareous  matrix,  and  occurred 
in  the  lower  part  of  the  limestones  of  the  uppermost  Jurassic  bed.  It 
was  broken  in  pieces  of  the  size  of  walnuts.  The  residue,  insoluble  in 
acids  and  caustic  potash,  was  composed  of  grains  of  hyaline  quartz 
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easily  distinguishable  under  a  lens,  and  mixed  with  a  small  quantity 
of  very  white  and  very  light  clay.  The  ore  Contained  a  little  phos- 
phoric acid,  which  was  not  estimated,  and  hero  and  there  some  particles 
of  iron  pyrites.    The  locality  was  Laissey  (Doubs). 

III.  It  was  badly  melted  and  full  of  blisters.  Acids  easily  acted 
upon  it,  with  the  disengagement  of  some  hydrogen.  The  presence  of 
a  sensible  amount  of  oxido  of  chromium  in  this  slag  is  remarkable,  and 
proves  that  the  Clerval  pig-iron  must  contain  that  metal. 

The  results  of  Ebolinen's  experiments  arc  recorded  in  the  following 
tables : — 

First  Series  with  the  Ore  of  La  Chaielle. 


I. 

XL 

III. 

IV. 

5/2 

00 

truce 

20 -7 

3-2 

32  5 

418 

35  0 

Scsquioxide  of  iron  ... 
Oxido  of  manganese. . . 

63-4 

330 

20  0 

04 

05 

0  G 

6-G 

0-4 

G'G 

8!2 

8'0 

7  3 

Oxido  of  chromium  ... 

•  • 

•  • 

triico 

6*0 

7-0 

78 

21  "G 

13-2 

10-8 

14  8 

40 

20 

1-4 

10 

30 

100  0 

100-0 

100-0 

90-2 

Second  Series  with  the  Ork  of  Laissey. 


I.  a. 

n.a. 

III.  a. 

IT.  a. 

38 

• . 

410 

40-G 

2G6 

•  • 

•  • 

40 

37-4 

100 

Segquioxide  of  iron  ... 

37-0 

27*8 

24*1 

trace 

12-7 

175 

30-2 

Oxide  of  mungunesc... 

0-4 

0-4 

0-4 

0-4 

Oxido  of  chromium  ... 

trace 

trace 

3  2 

31 

40 

3-0 

Silica,  soluble   ) 

14G 

154| 

47 

64 

17-3» 

12-2 

100-0 

100-0 

98G 

99G 

Observations  on  the  preceding  analyses. — Exps.  I.  and  1.  a.  The  products 
analysed  had  been  exposed  in  tho  bell  at  the  same  time.  The  ore  of 
La  Chapello  was  in  grains,  and  that  of  Laissey  in  tolerably  large 
pieces :  fragments  of  common  charcoal  were  also  put  in  with  tho  ore. 
The  bell  was  dropped  into  the  furnace  between  the  charcoal  and  the 
ore,  and  taken  out  2  hours  afterwards  from  the  depth  of  2m  50  (8  ft. 
2-43  in.)  :  it  was  not  red-hot.  The  furnace  had  been  twice  charged 
in  the  interval.  The  powder  of  the  La  Chapelle  ore  was  dark  red, 
slightly  inclining  to  black.  A  notable  quantity  of  it  was  attracted  by 
the  magnet.    In  the  calcareous  ore  of  Laissey  reduction  did  not  seem 


1  Clay  and  sand. 


Digitized  by  Google 


CHANGES  WHICH  MATERIALS  UNDERGO  IN  DESCENT.  459 


to  have  begun  :  its  powder  was  bright  red,  without  any  shade  of  brown, 
and  hardly  were  a  few  particles  taken  up  by  the  magnet. 

Exps.  II.  and  II.  a.  Both  ores  were  exposed  simultaneously  in  the 
bell,  which  remained  in  the  furnace  4h  25m,  and  was  taken  oflt  from  a 
depth  of  4"  35  (14  ft  3-26  in.)  :  at  the  moment  of  its  removal  from  tho 
furnace  it  appeared  to  be  dull  red-hot.  The  furnace  had  been  charged 
6  times  in  the  interval.  The  powder  of  the  La  Chapello  ore  had  be- 
come pure  black,  and  wholly  attractable  by  the  magnet.  The  particles 
of  the  ore  had  not  changed  in  form,  but  were  more  fragile  than  previ- 
ously. The  powder  of  the  Laissey  ore  had  also  become  black,  and  all 
the  iron  existed  in  the  state  of  magnetic  oxide. 

Exps.  III.  and  III.  a.  Precisely  the  same  course  was  followed  as  in 
the  foregoing  experiments.  The  bell  remained  5-J  hours  in  the  furnace, 
and  was  taken  out  from  a  depth  of  5  metres  (16  ft.  4*85  in.),  or  only 
0m  7  (2  ft  3-56  in.)  abovo  the  top  of  the  boshes  (au-dessua  da  grand 
ventre) :  it  was  cherry-red  when  it  left  the  furnace.  The  suspending 
chain  was  red-hot  to  about  4  metres  (13  ft.  1*48  in.)  from  the  mouth. 
The  ore  of  La  Chapelle  had  not  changed  in  form  :  its  powder  was 
black,  inclining  to  grey,  and  strongly  magnetic.  Tho  powder  of  the 
Laissey  ore  was  dark  grey,  and  still  effervesced  pretty  strongly  with 
acids. 

Exps.  IV.  and  IV.  a.  Finery  cinder  was  put  into  tho  bell  along  with 
the  ores  and  charcoal.  There  were  also  tolerably  large  fragments  of 
bricks  made  from  a  mixture  of  pulverized  finery  slag  with  about  12°/0 
of  charcoal  powder,  and  25°/Q  of  slaked  lime  mixed  with  water  to  tho 
consistency  of  paste  :  with  a  mixture  of  this  kind  well -kneaded  bricks 
(briquettes)  were  made,  which,  on  sun-drying,  were  hard  enough  to  resist 
the  pressure  of  the  finger.  The  bell,  charged  with  these  various  matters, 
was  dropped  into  the  furnace  between  the  charcoal  and  the  ore,  and  re- 
mained in  the  furnace  6b  25m,  the  furnace  meanwhile  having  received 
11  charges,  or  1  every  35  minutes.  On  the  day  of  the  experiment  tho 
furnace  worked  more  rapidly  than  usual.  The  bell  was  taken  out  from 
a  depth  of  5"  70  (18  ft.  8  41  in.),  and  was  still  red-hot  when  it  left  tho 
furnace :  it  was  sensibly  distorted,  the  temperature  to  which  it  had 
been  exposed  having  been  sufficient  to  soften  wrought-iron.  Tho  oro 
of  La  Chapelle  had  undergone  incipient  fusion.  Its  component  parti- 
cles were  soldered  together,  without  having  altogether  lost  their  shape. 
Their  surface  was  shining,  and  indicated  the  commencement  of  scori- 
fication.  They  were  easily  pulverizable.  The  powder  was  iron-grey 
in  colour :  it  contained  a  considerable  quantity  of  metallic  iron,  which 
flattened  out  and  acquired  metallic  lustre  under  the  pestle.  By  the 
action  of  acids  it  yielded  much  hydrogen,  having  tho  same  odour  as 
that  evolved  from  iron-filings ;  and  thus  proving,  as  Ebelmen  remarks, 
that  the  reduced  iron  had  already  taken  up  carbon.  In  the  analysis  it 
will  be  noticed  that  a  very  large  proportion  of  tho  silica,  originally 
present  in  the  ore  in  the  free  state,  had  now  entered  into  combination. 
The  Laissey  ore  had  kept  its  form  :  its  powder  had  become  bright 
grey.  This  analysis  demands  particular  notice.  Ebelmen  satisfied 
himself  that  the  ore  did  not  contain  any  sesquioxido  of  iron,  and  henco 
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arises  a  difficulty  which  he  pointed  out.  His  words  are  as  follow:— 
44  Bcrthier  lias  demonstrated  that  in  cementing  sehquioxide  of  iion 
in  charcoal,  the  scale-oxide  (oxide  des  battitures)  parses  immediately 
to  the  State  of  metallic  iron ;  and.  on  the  other  hand,  that  011  dis- 
solving in  acids  the  mixture  of  metallic  iron  and  scale-oxide,  the  solu- 
tion contained  a  certain  amount  of  red  oxide.  There  is  consequently 
every  reason  to  believe  that  in  this  case  a  combination  was  effected 
between  the  protoxide  of  iron  and  the  silica,  notwithstanding  the  feeble 
proportion  of  gelatinous  silica,  and  the  large  amount  of  caustic  lime  in 
the  ore."  Now,  assuming  the  correctness  of  Berthier's  statement  and 
of  Ebelmen's  analysis,  the  difficulty  docs  not  seem  to  be  satisfactorily 
removed  by  the  explanation  just  presented.  How  30-2  %  of  protoxide 
could  have  existed  as  silicate  in  the  presence  of  37*4%  of  lime,  with 
only  0-4  %  of  silica,  it  is  not  easy  to  understand. 

Tho  finely  slag  and  the  mixture  of  this  slag,  subjected  to  experi- 
ment, had  the  following  composition  : — 


Slag  par  K. 

Mixture  of  stag. 

...      4  7  .... 

  28  (J 

  320 

Oxide  of  manganese  ... 

...      0-4  .... 

...    I0'2  .... 

  13-2 

  01 

100- 0 

99 -7 

The  fragments  of  tho  slag  had  undergone  no  change  either  in  form  or 
in  the  character  of  their  fracture.  Their  surface  only  had  become  pale 
grey,  and  when  rubbed  acquired  metallic  lustre.  The  fragments  of  the 
slag  in  brick  had  only  become  rounded  by  friction :  its  powder  was 
very  pale  grey.  According  to  Ebelmen,  the  greater  part  of  the  char- 
coal originally  in  admixture  had  been  volatilized,  either  by  the  reduc- 
tion of  the  protoxide  of  iron,  or  by  the  decomposition  of  the  water  of 
the  hydrate  of  lime.  The  value  of  the  lime  in  displacing  the  protoxide 
of  it  on  from  its  combination  with  silicate,  and  in  promoting  reduction, 
is  clearly  shown  by  result  of  the  analysis.  Ebelmen  calls  attention  to 
the  fact  that  Bcrthier  had  long  previously  suggested  that  slags,  con- 
sisting essentially  of  silicate  of  protoxide  of  iron,  might  probably  be 
smelted  with  advantago  by  mixing  them,  in  tho  state  of  powder,  with 
lime  and  waste  charcoal-dust,  and  making  tho  mixture  into  bricks  in 
tho  manner  described."  Tho  larger  proportion  of  silica,  both  in  the 
soluble  and  insoluble  states,  in  the  brick-slug  than  in  tho  original  slag, 
Ebelmen  attributes  to  the  earthy  matters  in  tho  common  charcoal-dust 
which  he  used  in  the  experiment. 

Ebelmen  has  drawn  up  from  his  results  the  following  tabular  state- 


3  Tr.  <k»  Ehuais,  2.  p.  305. 
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mcnt,  in  order  clearly  to  indicate  the  decree  and  rapidity  of  reduction 
of  the  two  kinds  of  ore  operated  on  at  the  four  different  depths  of  the 
furnaco,  as  recorded  in  the  experiments  above  described  ; — 


6 

R          1                      t  oxvjren   

-     10  >  i<urt«  of  sesqmoxiue  of  iron  have  lostl 

2-  5 

4-35  |  5-  00 

5-  70 

3           0  8 

11 

80-30 

10-40 

o-:u> 

0-48 

82*81 
14-40 
3-30 

5  55 

81-22 
15  00 

3-78 

0  33 

72-01 
15-00 
12-00 

20  10 

e   

C 

0*16      i  •<;•.»     o-39  j  4*61 

5    100  porta  have  lost  <  oxygen  

f  carlmnic  aei»l  

'Z.    100  parts  of  rmqnioxid fl  of  iron  have  lost\ 

o:t-oo 

0-40 
0  00 
000 

0-00 

88*70 
10-00 
1  21 
0-00 

3-34 

84-74 
10-00 
100 

3  00 

4  58 

08-12 
10*00 
5-88 
16*00 

10-24 

0-00 

1*12        002  3-80 

The  rapidity  of  reduction  (vitesse  de  reduction)  ha«  been  deduced  in  each 
experiment  by  dividing  the  amount  of  oxygen  yielded  by  100  parts  of 
sesquioxido  of  iron,  in  the  interval  comprised  between  two  consecutivo 
experiments,  by  the  number  of  charges  which  separato  them.  Thus,  in 
order  to  have  the  average  rapidity  of  reduction  of  the  ore  of  La  Cha- 
pelle  in  that  part  of  the  furnace  which  is  comprised  between  the  3rd 

and  6th  charges,  it  suffices  to  reduce  the  fraction  -  --  =  1*69. 

o 

Ebelmen  preferred  to  deduce  tho  rapidity  of  reduction  from  the  number 
of  charges  rather  than  from  the  time  the  ore  remained  in  the  furnace, 
and  the  reason  assigned  for  this  preference  is  as  follows :— The  charge 
being  constant  in  volume,  the  ore  will  always  be  at  the  same  height  in 
the  furnace,  in  two  consecutivo  experiments,  when  covered  by  the  samo 
number  of  charges ;  whereas,  on  tho  contrary,  in  equal  times,  the  ore 
does  not  always  descend  at  the  same  rate  in  the  furnace  on  account  of 
the  varying  velocity  of  the  blast.  The  Clerval  furnaco  contained  25 
charges,  i.  e.  the  ore  only  reached  the  twyer  after  having  been  covered 
by  25  successive  charges. 

It  will  be  observed  that  reduction  decreased  considerably  in  rapidity 
between  the  6th  and  8th  charges,  while  it  proceeded  with  great  energy 
between  the  8th  and  11th  charges.  In  the  first  instanco,  according  to 
Ebelmen,  magnetic  oxide  of  iron  was  converted  into  scale-oxide ;  and 
in  the  second  instance  scale-oxide  was  reduced  to  the  metallic  state. 
At  the  same  height  in  the  furnace,  tho  reduction,  in  the  case  of  the 
calcareous  ore  of  Laisscy,  was  less  advanced  than  in  that  of  tho  ore  of 
La  Chapelle ;  and  this  Ebelmen  supposes  was  due  to  the  fact  that  tho 
former  was  in  comparatively  much  larger  fragments,  and  consequently 
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presented  less  surface,  with  the  same  bulk,  to  the  agents  of  reduction 
than  the  latter.  While  reduction  is  slowly  effected  in  the  upper  part 
of  the  furnace,  it  takes  place  with  great  energy,  in  a  very  limited  zone, 
a  little  above  the  top  of  the  boshes  in  the  CTerval  furnace.  The  cause 
which  Ebelmen  assigns  for  this  sudden  variation  in  the  rapidity  of  re- 
duction is  the  disengagement  of  carbonic  acid  from  the  limestone  used 
as  flux,  and  from  the  calcareous  ore.  In  the  3rd  experiment  the  cal- 
careous ore  of  Laissey  had  lost  only  a  small  quantity  of  its  carbonic 
acid,  while  in  the  4th  experiment  it  had  lost  the  whole  of  it,  and  the 
lime  was  completely  caustic.  The  evolution  of  carbonic  acid,  then, 
coincides  in  a  striking  manner  with  sudden  decrease  in  tho  rapidity  of 
reduction.  But  carbonic  acid,  in  passing  from  the  solid  state,  as  it 
exists  in  carbonate  of  lime,  to  the  state  of  gas,  absorbs  a  very  largo 
amount  of  heat,  and  must  necessarily  lower  the  temperature  of  that 
part  of  tho  furnace  in  which  such  absorption  takes  place.  Tho 
ascending  current  of  gas  from  beneath,  in  traversing  tho  zone  of  the 
furnace,  in  which  the  calcination  of  tho  carbonate  of  lime  occurs,  must 
lose  a  portion  of  its  sensible  heat,  and,  becoming  mixed  with  the  car- 
bonic acid  expelled  from  its  combination  with  lime,  must  proportion- 
ately loso  in  reductive  power. 

Utilization  o»  the  Gases  escaping  from  Blast-Furnaces,  or,  as  it  is 

NOW  TERMED,  THE  WA8TE  GaS. 

Evidence  will  be  adduced  of  the  fact,  that  more  than  half  a  century 
has  elapsed  since  the  important  practical  problem  of  the  utilization  of 
tho  waste  gas  of  iron-smelting  furnaces  was  solved  in  a  satisfactory 
manner  in  France ;  and  yet  it  is  only  about  twenty-five  years  ago  that 
it  began  to  attract  the  serious  attention  of  ironmasters,  not  in  Great 
Britain,  but  on  the  continent  of  Europe.  In  this  country  Mr.  James 
Palmer  Budd  was,  if  I  mistake  not,  the  first  ironmaster  who  success- 
fully applied  the  gas ;  and  the  mode  in  which  he  did  this  will  be  pre- 
sently described  in  detail.  It  was  exceedingly  crude,  in  as  much  as 
Mr.  Budd  availed  himself  chiefly  of  the  sensible  heat  of  the  gas,  and 
allowed  much  of  the  carbonic  oxide  to  escape  unburned  into  the  air,  thus 
losing  the  enormous  amount  of  heat  capable  of  being  developed  by  tho 
combustion  of  that  gas  !  The  complete  utilization  of  the  waste  gas  is 
now  effected  with  great  pecuniary  advantage  in  South  Wales  and  Scot- 
land, and  in  a  fow  localities  only  in  England.  Some  ironmasters  in 
South  Staffordshire  and  elsewhere  maintain  that  this  modern  improve- 
ment is  unsuitable  to  their  furnaces,  and  urge  in  proof  that  not  a  few  of 
thoir  brethren  have  incurred  considerable  expense  in  attempts  to  apply 
it,  and  have  signally  failed.  They  should,  however,  remember  that 
practical  difficulties  generally  attend  innovations  of  any  kind,  especi- 
ally in  metallurgical  processes,  the  direction  of  which  has  been  too 
often  entrusted  to  so-called  practical  men,  who  have  no  knowledge 
beyond  that  of  rule  of  thumb ;  who  are  not  nnfrcquently  as  conceited 
as  thoy  are  ignorant,  and  who  systematically  oppose  every  change 
which  does  not  originate  with  themselves.    Happily,  there  are  now 
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really  enlightened  and  well-educated  practical  men ;  but  many  of 
the  old  stamp  are  still  to  be  met  with,  particularly  in  the  midland 
districts.  Accumulated  wealth,  abundant  supplies  of  ore  and  fuel,  and 
a  long  established  name  in  the  market  have  in  many  cases  produced 
indifference  to  progress,  and  engendered  an  obstinate  spirit  of  con- 
servatism on  the  part  of  our  ironmasters ;  but  circumstances  are  not  so 
smooth  and  agreeable  as  they  once  were ;  and  it  is  evident  that 
the  men  who  have  hitherto  despised  improvement  must  now  bestir 
themselves  in  order  to  hold  their  ground  against  adventurous,  skilful, 
and  persevering  rivals.  Competition  was,  probably,  never  60  fierce 
or  so  formidable  as  at  present,  and  economy  in  the  cost  of  pro- 
duction has  become  a  prime  necessity.  The  time  will  assuredly  arrive 
when  the  valuable  gaseous  fuel  still  so  waste  fully  allowed  to  escape 
from  many  of  our  blast-furnaces  will  be  everywhere  utilized. 

In  June,  1814,  Berthier  published  an  interesting  and  important 
paper  on  the  successful  application  in  France  of  the  waste  gas  to 
various  purposes,  such  as  the  conversion  of  iron  into  steel  by  cementa- 
tion, and  the  burning  of  lime  and  bricks.'  The  credit  of  this  applica- 
tion is  due  to  M.  Aubertot,  who  was  a  proprietor  of  iron-works  in  the 
department  of  Cher.  He  obtained  a  patent  for  it  in  France  in  1811, 
and  contented  himself  with  only  reserving  for  his  own  exclusive  use 
that  part  of  it  which  was  connected  with  the  manufacture  of  steel  by 
cementation.  This  fact  deserves  to  be  specially  recorded  as  a  singular 
instance  of  unselfish  generosity  on  the  part  of  a  patentee.  Berthier 
states  that  44  so  far  from  thinking  of  preventing  ironmasters  from  avail- 
ing themselves  of  all  the  rest,  with  generous  complacency  he  is  anxious 
to  give  them  the  most  detailed  information  and  every  instruction  which 
they  desire.  Nearly  all  his  neighbours  have  employed  his  processes 
during  several  years,  and  some  gain  largely  by  them."4  Berthier 
visited  four  works  either  belonging  to,  or  managed  by,  M.  Aubertot, 
so  that  his  description  was  founded  on  personal  observation  ;  and  it  is 
only  just  to  his  memory  to  state  that  he  seems  clearly  to  have  foreseen 
the  value  of  the  application  in  question.4 

For  burning  lime  or  bricks  the  kiln,  which  was  prismatic  in  form, 
was  erected  on  the  platform  at  the  top  of  the  furnace,  and  close  to  tho 
mouth  on  one  side.  The  flame  entered  tho  kiln  immediately  above 
the  mouth,  through  an  opening  0m  5  (1ft.  7 '69  in.)  square;  and  on 
each  side  there  was  a  little  wall  in  order  to  protect  it  from  the  wind. 
On  the  fourth  or  free  side  charging  was  effected.  At  tho  entrance  into 
the  kiln  was  a  cast-iron  plate  or  door,  which  could  bo  moved  up  and  down 
and  acted  as  a  damper.  The  kiln  was  charged  through  a  lateral  open- 
ing. At  the  top  was  a  central  chimney,  and  at  each  angle  thero  was 
simply  a  hole  communicating  with  the  interior;  by  this  means  tho 
gas  within  was  uniformly  diffused,  and  equality  of  temperature  secured. 


3  Sar  plusieurs  moyens  imagines  pour 
employer  la  flamme  perdue  des  hauls 
ftmrnwiux,  dea  foyers  de  forges,  etc. 
Journ.  des  Mines,  35.  p.  375.  Juue,  1814. 

4  Op.  cit.  p.  377. 


*  He  thus  expresses  himself  on  tho 
point :— "  J  ui  pense  quil  serait  trfcs-utilo 
de  porter  a  la  connnissunee  do  tous  les 

[  mcitallurgistes  uno  invention  qui  peut 

|  etre  aussi  feconde."    P.  377. 
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It  was,  of  course,  necossary  to  charge  the  kiln  in  every  case,  so  that 
the  gas  might  circulate  freely  upwards  through  the  mass.  After 
charging  the  kiln  the  cast-iron  door  was  at  first  only  raised  0"  Oo 
(1 -  U7  in.)  or  0"  0(3  (2-30  in.),  when  a  portion  of  the  flame  penetrated 
rapidly,  and  soon  took  a  regular  course.  This  "  little  fire,"  as  it  was 
termed,  was  kept  up  from  24  to  3G  hours,  after  which  the  cast-iron 
door  was  gradually  raised  until  the  opening  was  from  0m  16  (6 -30  in.  ) 
to  0m  20  (7-87  in.)  high.  The  whole  column  of  flame  from  the  mouth 
of  the  furnace  now  entered  the  kiln,  producing  what  was  termed  the 
44  great  fire,"  which  was  maintained  during  3  or  4  days.  The  kiln  soon 
acquired  its  maximum  temperature,  which  was  that  of  white  redness. 
On  raising  the  door  higher,  it  was  found  that  the  temperature  quickly 
decreased,  owing  to  the  entrance  of  a  rapid  current  of  cold  air.  The 
working  of  the  furnace  was  not  in  the  least  interfered  with  hy  the 
operations  of  the  kiln  men.  For  the  production  of  steel  by  cementa- 
tion, a  converting  chest  capable  of  holding  from  about  15  to  18  cwts., 
similar  to  what  will  hereafter  be  described,  was  constructed  in  the 
same  position  as  the  lime  or  brick-kiln. 

Tho  calorific  effect  of  the  waste  gas  was  rightly  attributed  by  Ber- 
thier,  partly  to  its  sensible  heat,  and  partly  to  tho  heat  developed  by 
its  combustion  in  contact  with  atmospheric  air.  In  proof  of  the  high 
temperature  produced  by  such  combustion,  he  refers  to  an  experiment 
of  M.  Curandau,  which  consisted  in  directing  the  current  of  gas  from 
tho  mouth  of  a  blast-furnace,  horizontally  into  the  arch  of  a  reverbera- 
tor)' furnace.  The  language  which  Curandau  has  employed  in  de- 
scribing this  experiment,  and  which  is  cited  by  Berthier.  deserves  a 
literal  translation.  It  is  as  follows:  44  When  the  arch  was  penetrated 
with  the  samo  heat  as  the  gas  which  I  caused  to  flow  into  it,  concur- 
rently with  a  stream  of  external  air,  this  heat  favoured  their  ignition, 
from  which  there  resulted  an  emission  of  caloric  of  an  intensity  truly 
surprising  ;  which  proved  to  us,  and  to  mo  in  particular,  that  this 
phenomenon  was  the  result  of  a  combustion,  and  not  that  of  the  heat 
concentrated  by  the  current  of  tho  gases  which  flowed  under  the 
arch."* 

The  utilization  of  the  waste  heat  of  blast-furnaces  for  similar  pur- 
poses, and  on  substantially  the  same  principle  as  Aubertot's  method, 
was  patented  in  England  in  1832  by  a  Mr.  Moses  Teague,7  as  the  fol 
lowing  extracts  from  his  specification  will  demonstrate  :— 44  This  im- 
provement consists  in  making  use  of  or  employing  the  flame  and  heat 
(heretofore  discharged  into  tho  open  air)  from  the  tops  or  tunnel  heads 
of  blast-furnaces  or  cupilos  (sic)  used  for  tho  making  and  smelting  of 
pig-iron,  by  means  whereof  the  said  flame  and  heat  is  made  to  act  upon 
the  ores,  mines,  and  minerals  about  to  be  smelted,  previous  to  the 
samo  being  deposited  into  the  interior  of  the  furnace  or  cupilo.  .  .  • 
The  method  of  applying  the  same  is  by  diverting  the  flame  and  heat 
(usually  passing  out  of  blast  furnaces  or  cupilos  into  the  open  air),  and 


•  Op,  cit  p.  305.  I  Smelting  rig-Iron.     A.D.  1832.  Ha. 

An  Improvement  in  the  Making  ami  |  0211. 
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causing  the  same  to  pass  in,  upon,  or  through  one  or  more  ovens, 
stoves,  buildings,  or  erections  to  l»e  fixed  on,  in,  or  upon,  or  near  to, 
or  adjoining  the  tops  or  tunnel  heads  of  the  said  furnaces  or  copilot. 
...  The  said  flame  and  heat  is  diverted  from  its  usual  course,  and 
driven  or  discharged  into  or  through  the  said  ovens,  <fcc,  by  partially 
contracting  or  stopping  up  altogether  the  tops  or  tunnel  heads  of  the  said 
blast-furnaces  or  cupilos,  either  permanently  with  brick,  masons'  work, 
or  any  other  mode  ;  or  by  one  or  more  moveable  dampers,  doors,  or  valves, 
to  be  fixed  on,  in,  or  upon  them,  or  the  said  ovens,  Ac.  By  this  means 
the  flame  and  heat  is  diverted  and  caused  to  pass  into  or  through  the 
ovens  or  stoves,  which  have  one  or  more  chimneys  or  flues  attached 
thereto,  in  order  to  carrv  off  the  superfluous  heat,  flame,  and  sulphur." 
Illustrative  drawings  accompany  the  specification. 

A  few  years  ago  I  was  informed  by  Mr.  Philip  Taylor,  head  Of  the 
well-known  mechanical  engineering  firm  at  Marseilles,  that  in  1840 
he  was  engaged  in  constructing  and  erecting  the  blast-engine  for  iron 
furnaces  at  Kustrel,  in  the  department  of  Vaucluse,  in  France.  As  in 
this  locality  the  supply  of  wood  for  charcoal -burning  was  not  abundant, 
anil  as  the  carriage  of  coal  or  coke  was  very  expensive,  it  was  important 
to  economize  fuel ;  and,  accordingly,  Mr.  Taylor  proposed  to  heat  the 
boilers  of  the  blast-engine  either  wholly  or  partially  by  the  waste 
gases  of  the  furnaces.  44  Many  attempts,"  he  writes,  "had  been  made 
to  employ  this  flarao  [from  the  mouth  of  the  blast-furnace  |  to  produco 
steam ;  but  the  mode  adopted  had  been  by  placing  the  boiler  on  the 
top  of  the  furnace,  so  that  the  ignited  gas  acted  direct  on  the  boiler. 
The  effect  disappointed  those  who  tried  this  plan,  for  without  doubt  a 
large  portion  of  the  gas  was  not  ignited  for  want  of  a  due  admixture  of 
atmospheric  air.  Another  object  ion  to  this  plan  arose  from  the  distance 
which  the  steam  had  to  be  conveyed  to  the  engine  and  the  water  to  be 
raised  to  feed  the  boiler.  The  plan  which  1  adopted  was  to  close  the 
top  of  the  furnace  and  thus  prevent  the  ignition  of  the  gas,  which 
made  its  escape  through  a  largo  cast-iron  pipe  which  passed  from  the 
upper  part  of  the  furnace  to  the  boilers,  which  wero  placed  at  some 
distance  from  the  base  of  the  furnace.  A  mode  of  charging  the  furnace 
had  to  be  contrived  without  opening  the  furnace  top,  and  this  was 
accomplished.  My  opinion  was  that  this  scheme  could  only  succeed 
by  insuring  a  due  admixturo  of  atmospheric  air  with  the  gas,  so  that 
complete  combustion  might  be  produced.  To  effect  this  admixture, 
the  gas  from  the  main-pipe  was  made  to  pass  under  the  front  end  of 
the  boiler  through  a  number  of  narrow  passages  or  slits,  and  the  atmo- 
spheric air  w*as  admitted  by  other  similar  passages  intervening  with 
the  gas-passages.  To  admit  more  or  less  air  a  valve  was  placed  on  the 
main  air  passage. '  The  entire  success  of  this  project  was  soon  found  to 
depend  on  the  use  of  this  valve ;  for,  if  too  much  air  entered,  enough 
steam  was  not  generated  to  work  the  engine,  and,  if  too  little,  the 
same  result  followed.  But  when  we  hit  the  right  proportion  steam 
blew  off  at  the  safety-valve  most  abundantly.  Care  must  bo  taken  if 
a  boiler  is  heated  by  gas,  as  above  described ;  as  in  case  tho  furnace 
ceases  to  have  the  blast  on,  an  explosion  would  be  likely  to  take  place, 
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if,  on  putting  on  the  blast,  the  gas  and  air  arc  admitted  to  the  boiler 
without  some  fire  is  placed  under  the  boiler  to  ignite  it  on  arriving." 

Mr.  Taylor  further  informs  me,  that  more  than  sixty  years  ago  lie 
well  remembers  an  attempt  having  been  made  at  the  foundry  of  Gur- 
ney  and  Aggs,  at  Norwich,  to  raise  steam  by  placing  the  boiler  on  the 
•  top  of  the  cupola  ;  but  it  was  not  successful,  and  the  water  did  not  boil. 

In  1845,  Mr.  James  Palmer  Budd  obtained  a  patent  for  the  applica- 
tion of  the  44  heat,  flames,  and  gases  of  the  blast-furnace"  to  the 
heating  of  hot  blast  stoves."  This  application  was  carried  into  practice 
in  the  Swansea  Valley,  at  the  Ystalyfera  furnaces  working  with  anthra- 
cite as  the  fuel.  The  hot-blast  stove  consisted  of  a  chamber  containing 
two  horizontal  cast-iron  mains  at  the  bottom,  one  for  the  admission  of 
the  cold-blast,  and  tho  other  for  the  exit  of  the  hot-blast,  the  two 
mains*  being  connected  by  cross-pipes  supporting  numerous  vertical 
syphon  pipes  of  cast-iron.  The  stove  was  built  at  the  side  of  the 
upper  part  of  the  furnace,  one  such  stove  being  thus  constructed  in 
tho  brickwork  between  two  adjacent  furnaces.  Each  stove  was  con- 
nected with  a  stack  about  25  ft.  higher  than  the  mouth  of  the  furnace. 
Tho  gas  was  conveyed  into  the  stoves  by  3  or  4  horizontal  flues,  of 
about  12  in.  in  diameter,  proceeding  from  opposite  sides  of  each 
furnace  at  about  3  ft.  below  the  mouth.  Mr.  Budd  has  published  a 
paper  on  this  subject,  illustrated  by  a  wood-engraving,  in  which  4  flues 
are  shown  on  one  side  of  a  furnace,  and  3  on  the  opposite  side.*  By  means 
of  a  damper  on  tho  top  of  the  stack  tho  supply  of  gas  to  tho  6tove  could 
bo  exactly  regulated.  Mr.  Budd  estimated  that  the  quantity  required  to 
heat  the  blast  for  a  single  furnace,  did  not  exceed  j  of  the  total  quan- 
tity escaping  from  the  tunnel-head  of  a  single  furnace.  The  following 
statement  should  be  specially  noted.  44 1  attempt,"  writes  Mr.  Budd. 
4t  no  combustion  of  tho  gases,  for  as  they  rise  from  the  furnace  and 
enter  the  stove  with  a  temperature  of  about  18uu°  F.  (082°  0.),  and 
leavo  it  at  a  temperature  of  about  BOO0  F.  (427°  0.),  whilst  all  the  heat 
I  require  for  the  blast  is  <>003  F.  (314°  C),  the  mere  passage  of  them, 
as  heated  vapours  through  the  stove,  gives  me  all  the  temperature  I 
want ;  whilst,  having  no  combustion  going  on,  the  pipes  remain  unin- 
jured, the  bricks  unmelted,  and  the  apparatus  always  effective.  My 
reason  for  thinking  there  is  little  combustion  of  the  gases  at  3  ft.  below 
the  surface  of  the  materials  is,  that  when  tho  vapours  pass  through  the 
stove  and  reach  tho  top  of  the  stack,  where  they  come  in  contact  with 
the  atmosphere,  there  bursts  out  a  bluish  flame,  visible  at  night,  which 
is  speedily  extinguished  from  a  reduction  of  temperature  l>elow  the 
point  at  which  the  mixed  gases  bum.  When,  on  the  contrary,  I  allow 
the  materials  in  the  furnace  to  fall  below  the  mouths  of  the  flues,  a 
combustion  of  tho  gases  takes  place  previous  to  entering  tho  stove,  and 
the  vaporous  appoarance  disappears." 

In  1848,  when  I  visited  Mr.  Budd's  works  at  Ystalyfera,  he  had  suc- 


*  A. P.  1H45,  Jan.  10.    No.  10,47").  From  the  Report  of  tho  British  Associa- 

9  Report  on  the  advantageous  use  made  tion  tor  the  Advancement  of  Science  for 

of  the  Gaseous  Kscape  from  the  Illa>t  IS  IS. 

Furnaces  at  the  Yhtulyfern  Iron-Works. 
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cessfully  applied  the  waste  gas  to  the  raising  of  steam.  The  nearest 
boiler  was  40'  ft.  from  the  furnace ;  and  although  the  gas  was  conducted 
all  this  distance  to  the  boiler,  yet  it  is  reported  that  it  raised  twice 
as  much  steam  as  when  fired  with  coal.  The  boiler  tube  was  divided 
by  a  brick  partition  into  two  compartments,  and  the  gas  passed  4  times 
through  and  under  the  boiler,  a  total  length  of  120  ft.  The  boiler 
stack,  which  was  80  ft.  high  and  b'  ft.  in  diameter,  produced  "an  over- 
powering draught."  Mr.  Budd  calculated  the  saving  on  this  boiler  at 
35  tons  of  anthracite  per  week,  and  the  annual  saving  in  money  at  350/. 

So  satisfied  was  Mr.  Budd  with  the  success  of  his  utilization  of  the 
waste  gas,  that  he  even  ventured  to  draw  the  following  conclusion  : — 
M  It  would  appear  to  be  more  profitable  to  employ  a  blast-furnace,  if  as 
a  gas  generator  only,  even  if  you  smelted  nothing  in  it,  and  carried  off 
its  heated  vapours  by  flues  to  your  boilers  and  stoves,  than  to  employ 
a  separate  fire  to  each  boiler  and  each  stove.  These  considerations 
irresistibly  suggest  to  me  a  great  revolution  in  metallurgical  practice ; 
a  new  arrangement  in  fact  of  furnaces  and  works,  by  which  consider- 
ably above  1,000,000/.  a  year  might  bo  saved  in  the  iron  trade  alone." 

Mr.  Budd's  paper  contains  some  extraordinary  statements  by  Schaf- 
hantl  concerning  the  composition  of  the  gas  which  esca*>ed  from  the 
mouth  of  the  Ystalyfera  furnaces,  and  these  should  not  bo  passed  over 
iu  silence.  The  two  following  analyses  by  the  Munich  philosopher 
are  given  : — 

I.  II. 

Ca  rbon  ic  acid    00  • 186  9  •  M6 

Carbonic  oxide   18  974  12  012 

Hydrogen   27  •  S44  2 1  •  278 

Marsh-gaa    3- 212  2-548 

Sulphurous  acid,  with  traces  of  aiKeniu-l       *_  ,  n.in 

retted  ami  pl.oaphuretted  hydrogen  f       tmc°  U  1 1 1 

Nitrogen   ."   4U-841  54-505 

100010  100-000 


L  The  gas  was  taken  off  1(3  ft.  below  tho  surface  of  the  coal  and 
ore.  II.  The  gas  was  taken  off  only  1  ft.  below  the  surface  of  the  coal 
and  ore. 

The  fuel,  it  will  be  remembered,  was  anthracite,  and  yet  the  waste 
gas  contained  upwards  of  20°/o  ©f  hydrogen!  Well  may  Mr.  Budd 
write,  41  the  large  quantity  of  hydrogen  in  the  analysis  is  puzzling,  as 
anthracite  coal  contains  only  2°/0  or  3°/0.w  It  is  not  only  puzzling, 
but  absolutely  inexplicable,  and  is  moreover  in  direct  opposition  to  the 
results  of  every  other  observer  having  the  least  claim  to  u  scientific 
position.  If  Schafhautl  were  able  to  estimate  quantitatively  0*1 1 1  per 
cent,  of  sulphurous  acid,  with  traces  of  arseniurettcd  and  phosphuretted 
hydrogen,  it  is  difficult  to  understand  how  he  should  have  committed 
any  serious  error  in  the  determination  of  tho  hydrogen ;  and  yet  it  is 
impossible  to  avoid  the  conclusion  that  ho  has,  if  we  believe  Bunsen, 
Ebelmen,  and  others. 

The  modes  of  taking  off  the  waste  gas  are  essentially  of  two  kinds, 
namely,  those  in  which  the  mouth  of  the  furnace  remains  permanently 
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open,  and  those  in  which  it  is  permanently  closed,  except  during  the 
time  of  charging.  Tn  the  first  case  the  gas  is  only  partially  collected 
and  economized.  I  do  not  propose  to  describe  in  detail  all  the  con- 
trivances which  have  been  resorted  to  in  carrying  out  either  of  these 
systems,  because,  in  many  instances,  the  modifications  are  so  slight 
as  not  to  render  such  an  extended  description  either  necessary  or 
desirable. 

Modes  of  taking  off  the  Gases  with  open-mouthed  Furnaces. 

By  lateral  openings  near  the  top  of  the  furnace. — One  of  the  simplest 
methods  is  shown  in  the  engraving  of  the  Swedish  blast-furnace 
(p.  370,  377),  in  which  the  gas  is  withdrawn  through  two  quadrangu- 
lar, similar,  and  opposite  openings,  m.  In  the  Ystalyfera  anthracite  fur- 
naces of  Mr.  Budd,  which  have  been  previously  alluded  to,  the  gas 
was  taken  off  through  several  circular  openings  at  a  short  distance 
below  the  level  of  the  solid  contents  of  the  furnace,  their  exhaus- 
tion being  effected  by  means  of  a  high  stack.  In  some  furnaces 
there  is  an  annular  passage  or  flue  near  the  mouth,  extending  all 
round,  and  communicating  with  the  interior  by  several  short  pass- 
ages ;  and  in  this  case  also  the  aid  of  a  stack  is  required  for  ex- 
haustion. The  short  passages  should  obviously  incline  downwards,  in 
order  to  prevent  the  materials  of  the  charge  from  lodging  in  them. 
The  particular  arrangement  just  described  has  been  in  use  at  Dundyvan, 
in  Scotland,  and  at  Fontypool,  in  South  Wales.1  At  Wasscralfingen, 
in  Wurtemberg,  so  long  ago  as  December,  1832,  the  gas  from  a  furnace 
working  with  charcoal  as  the  fuel  was  taken  off  immediately  below  the 
mouth  on  one  side,  whence  it  passed  upwards  through  an  inclined 


Fig.  79.  Dundyvan  method.  Fig.  80.  1'ontypool  method. 


1  On  the  Arrangement  of  the  Materials  of  Dudley.  ProeooclingH  of  the  Institution 
in  the  Bkiat-Furuace,  and  the  Application  of  Meehnnieal  Engineers.  Birmingham, 
of  the  Waste  Oases.    By      H.  Blnckwcll,    Oct.  27,  1852,  p.  191  et  sop 
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passago  lined  with  cast-iron  and  entered  a  hot-blast  stove  erected  on 
the  platform  close  to  the  tunnel-head." 

In  1842,  Pfort  published  the  following  account  of  an  arrangement 
at  a  furnace  working  with  charcoal  as  the  fuel  at  Veckerhagen.'  It 
is  represented  in  the  accompanying  wood  engrav- 
ings. Fig.  81  is  a  vertical  section  of  the  mouth 
and  throat  of  the  furnace,  through  the  centre, 
and  fig.  81A  a  horizontal  section.  Two  cylinders 
of  cast-iron,  a  and  £>,  each  5  ft.  high  and  1  in. 
thick,  but  of  which  one  is  1  ft.  wider  than  the 
other,  form  tho  mouth.4  The  inner  cylinder,  6, 
is  a  prolongation  upwards  of  tho  shaft  of  the 
furnace,  and  between  the  outeide  of  it  and  tho 
inside  of  tho  outer  cylinder  is  an  annular  space  F,« 
ci  in.  broad,  from  which  the  gas  passes  through 
the  passages,  c,  d,  e,  provided  with  dampers,  so 
that  it  may  bo  sent  through  any  one  or  more 
at  will.  From  c  the  gas  was  used  to  heat  the 
blast,  from  d  to  raise  steam  for  an  engine  of 
0-horse  power,  and  from  e  to  carbonize  wood  in 
kilns.  At  Ebbw  Vale  the  gas  has  been  taken 
off  in  a  similar  manner,  except  that  only  a 
single  cylinder  7  ft.  9  in.  in  diameter  and  7  ft. 
9  in.  high  was  inserted  in  the  mouth,  tho  gas  being  withdrawn  from 
the  space  between  the  outside  of  it  and  tho  adjacent  lining  of  the 
furnace.* 

At  the  Iron-works  of  Messrs.  Schneider  and  Ilannay,  at  Barrow-in- 
Furness,  the  gas  is  taken  off  through  a  vertical  brick  tube,  the  bottom  of 
which  descends  6  ft.  below  the  mouth  of  the  furnaco,  where  it  rests  on 
six  narrow  arches  or  arms  of  brickwork,  proceeding  from  tho  lining  of 
the  furnace  at  equal  distances  apart  and  converging  towards  tho  centre. 
The  materials  are  charged  through  the  openings  between  these  arches. 
The  tube  is  about  }  of  the  diameter  of  the  mouth  of  tho  furnace ;  it  is 
provided  with  a  horizontal  sliding  damper,  and  at  the  top  is  connected 
with  a  large  horizontal  gas-main,  passing  through  tho  tunnel-head  and 
over  several  furnaces  in  succession.  In  addition  to  a  high  stack,  fans" 
are  employed  to  aid  in  causing  exhaustion.  Owing  to  the  great  length 
of  the  gas-main  and  its  liability  to  variation  in  temperaturo  in  different 
parts,  expansion  joints  are  employed,  each  of  which  consists  of  a  pair 


2  Notice  sur  l'uppiireil  qui  sort  a  chauffer 
lc  vent  nlimentant  lea  hauts-fourneaux  do 
In  fondcrie  roynle  de  WasserulfiiiKen. 
Pur  M.  Voltz.  Ann.  des  Mines,  8  S.  4. 
p.  77.  1833. 

3  Der  Flnmmenofcnlx-trieb  mit  brenn- 
bnren  Gasen  zu  Veckerhagen.  Von 
Htitteninspcctor  C.  Pfort,  Studien  des 
Gottingiscl.on  Vereins  Bergmiinnischer 
Freunde,  5.  p.  1.  1842. 

4  I  have  not  reduced  these  measures  to 
English,  ns  the  difference  between  tho 


two  is  in  this  case  unimportant. 

*  S.  H.  Blackwell,  op.  cit. 

6  The  employment  of  the  fan  (venti- 
lator) for  promoting  the  removal  of  tho 
gas  occurs  in  De  Meckcnheim's  Specifica- 
tion of  a  Patent  for  "  Improvements  in 
the  Manufacture  of  Iron."  A.D.  1842. 
No.  9373.  The  apparatus  claimed  in  this 
specification  for  taking  off  tlie  gas  nnd 
utilizing  it  may  be  ingenious,  but  owing 
to  its  complication,  it  is  certainly  not  prac- 
ticable 
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of  largo  concave  discs  of  iron  placed  vertically,  joined  at  their  circum- 
ference, and  having  their  concave  surfaces  directed  towards  each  other, 
just  as  in  the  case  of  the  common  aneroid  barometer.  A  model  of 
these  Works  was  in  the  International  Exhibition  of  1802.  . 

In  the  specification  of  a  patent  granted  to  Mr.  William  Oakcs  in 
1857,  the  removal  of  the  gas  through  a  central  shaft  or  flue  at  14  the  top 
of  the  blast-furnace"  is  claimed.7  An  illustrative  drawing  is  given,  in 
which  the  bottom  of  this  central  flue  does  not,  as  in  Schneider  and 
Hannay's  furnaces,  descend  below  the  mouth,  but  is  on  a  level  with  it 
The  vertical  exit  tubes  communicated  at  the  top  with  a  horizontal  gas- 
main.  The  application  of  horizontal  trap-doors  or  valves  for  closing  the 
mouth  is  also  claimed  in  the  above  specification.  At  Pontypool  in 
1850  vertical  pipes,  connected  with  a  horizontal  main  above,  were 
used  to  take  off  the  gas.  They  were,  however,  not  in  the  axis  of  the 
furnace,  but  on  the  exterior  on  one  side  near  the  mouth,  which  was 
fitted  with  tho  cup  and  cone  arrangement. 

Modes  of  taking  off  the  Gases  with  close  mouthed  Furnaces. 

Hopjyer  with  double  slides. — In  the  Zollverein  department  of  the  first 
International  Exhibition  in  London,  in  1851,  there  was  a  drawing  of 
this  arrangement  fitted  to  a  furnace,  working  with  charcoal  as  the  fuel. 
Over  the  mouth  of  tho  furnace  was  fixed  a  rectangular  iron  box  widen- 
ing pyramidally  outwards  at  tho  top  like  the  hopper  of  a  flour-mill.  At 
the  "bottom  of  this  box  was  a  sliding  horizontal  damper,  and  another 
similar  ono  above  near  tho  small  base  of  the  pyramidal  portion.  In 
charging,  the  lower  damper  was  closed,  and  the  upper  one,  of  course, 
opened  ;  after  which  the  upper  ono  was  closed  and  the  lower  one  opened, 
when  tho  charge  dropped  into  tho  furnace.  By  this  means  the  interior 
of  ihe  furnace  was  never  in  direct  communication  with  the  atmosphere. 

Cup  and  Cone. — This  plan  is  extensively  used  in  bla6t-fumaces  in 
South  Wales.  It  is  represented  in  the  engraving  of  the  Kbbw  Vale 
furnace  at  p.  367,  which  scarcely  needs  any  descriptive  notice.  A 
short,  inverted,  hollow,  truncated  cone  of  cast-iron,  <?,  is  fixed  in  the 
mouth  of  tho  furnaco,  and  in  the  axis  is  a  hollow  cone  of  cast-iron, 
/,  suspended  by  an  iron  chain  attached  to  one  end  of  a  lever, 
having  a  counterpoise  at  tho  other  end.  This  lever  may  be  moved  up 
and  down  by  suitable  apparatus.  When  the  cone  is  in  the  position 
shown  in  tho  engraving  the  mouth  of  the  furnace  is  closed.  The  charge 
of  ore,  flux,  and  fuel  is  thrown  into  tho  mouth-piece  while  thus  closed, 
and,  on  lowering  the  cone,/,  it  immediately  falls  into  the  furnace, 
being  distributed  necessarily  round  tho  circumference.  The  gas  is 
taken  off  through  the  pipe,  g,  and  conveyed  where  required.  Should 
the  suspensory  chain  break,  which  sometimes  happens,  the  cone,/,  is 
lost,  and  must  be  allowed  to  sink  along  with  the  materials  in  the  fur- 
nace. In  order  to  provide  against  this  contingency  at  the  Pontypool 
Iron-works,  whore  the  cup  and  cone  plan  was  in  use,  a  loose  chain 
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passed  over  the  lever,  by  which  the  cone  was  moved  up  and  down, 
and  was  attached  at  each  end  to  the  cone,  so  that  if  the  latter  became 
detached  it  would  be  immediately  caught  by  this  chain.  The  charging 
is  very  quickly  effected,  and  only  a  trifling  proportion  of  gas  escapes 
into  the  air. 

My  friend,  Mr.  George  Parry,  of  the  Ebbw  Vale  Iron-woiks,  was  the 
first  to  apply  the  cup  and  cone,  March,  1850;  and  he  derived  the  idea 
of  this  application  from  the  published  description  of  an  apparatus  con- 
structed by  the  late  Mr.  Jessop,  of  the  Butterley  and  <  minor  Park 
Iron-works,  Derbyshire,  for  charging  blast-furnaces,  so  that  the  mate- 
rials might  be  equally  distributed  round  the  inside.9  The  description  is 
illustrated  by  a  small  woodcut,"  and  is  as  follows: — It  consists  of  44 an 
iron  cylinder,  open  at  top  and  bottom,  4  ft.  in  diameter  and  ft.  in 
height,  in  the  inside  of  which  a  hollow  cone  of  iron  is  suspended, 
with  its  apex  uppermost,  so  that  while  the  base  of  the  cone  is  kept 
above  the  level  of  the  bottom  of  the  cylinder  it  shuts  it ;  but  on  the 
cone  being  lowered  below  that  level,  it  allows  the  charge  of  mateiials 
resting  all  round  the  slant  surface  of  the  cone  to  fall  down  equally 
round  the  side  of  the  cylinder  into  the  furnace." 

At  the  Blaina  and  Cwm  Celyn  Iron-works,  the  plan  has  been  tried  of 
suspending  the  cone  with  its  baso  above  the  opening  in  the  inverted 
conical  mouthpiece,  so  that  if  the  suspensory  chain  should  break,  the 
cone  would  not  drop  into  the  furnace,  and  the  damage  might  be 
quickly  repaired.  In  this  case  tho  materials  charged  would  fall 
towards  the  centre,  and  not  towards  the  circumference  as  in  the  other 
method;  but  this  effect  might  be  in  a  great  degreo  counteracted  by 
decreasing  the  depth  of  tho  month-piece,  and  giving  it  a  steep  inclina- 
tion, as  was  actually  done.  I  saw  the  furnaco  with  this  arrangement  of 
the  cup  and  cone  in  operation  in  1 859. 

Another  modification  of  the  cup  and  cone  plan  has  also  been  tried  at 
the  Blaina  and  Cwm  Celyn  Iron-works.  In  tho  mouth  of  the  furnaco 
was  fixed  a  short  hollow  cylinder  of  wrought  iron,  within  which  was 
a  second  similar  short,  close-fitting  cylinder  suspended  at  the  end  of  a 
lever,  and  so  capable  of  being  raised  or  lowered.  Immediately  below 
was  a  stationary  cone  of  cast-iron  supported  on  cast-iron  bearers,  placed 
crucially  with  their  ends  let  into  the  brick-lining  of  the  furnaco. 
When  the  inner  cylinder  was  let  down,  it  rested  on  the  lower  part  of 
the  cone,  and  closed  the  mouth  of  the  furnace.  Tho  mouth  being  thus 
shut,  the  materials  were  charged,  when  the  inner  cylinder  was  drawn 
up,  and  they  fell  sliding  towards  tho  circumference  of  this  part  of  tho 
furnace.  It  was  found  that  the  cylinders  warped  to  such  a  degree  as 
to  cause  great  leakage  of  the  gas,  and  the  method  was  accordingly 
abandoned.     

*  Supplement   to  Ure's  Dictionary  of  the  Cyfart.hu  Iron-works  in  the  year  1800, 

Arts,  Manufactures,  etc.,  1844,  p.  217.  the  cone  being  fixed  in  the  throat  of  the 

Vid.  Proceedings  of  tho  8outh  Wales  In-  furnace,  while  tho  minerals  were  dis- 

stitate  of  Engineers,  Jan.  1858,  p.  28.  churged  on  its  apex  from  baskets.'1 

Mr.  Parry  in  his  paper  in  this  work  9  Op.  cit.  p.  218,  No.  132,  immediately 

rtatps  that  he  ■  has  been  informed  that  a  to  the  left  of  the  letter  D. 
similar  mode  of  charging  was  in  use  at 
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Solid  Matter  carried  over  with  the  Waste  Gas. 

A  considerable  amount  of  fine  solid  particles  or  dust  is  carried  over 
with  the  gas,  and  in  every  case  it  is  necessary  to  provide  suitable 
means  for  its  occasional  removal  from  the  pipes  or  culverts  in  which  it 
mav  be  deposited.  I  am  indebted  to  Mr.  E.  Riley  for  the  following  ana- 
lysis of  the  deposit  from  a  culvert  used  to  convey  the  gas  down  from  the 
tunnel-head  of  one  of  the  blast-furnaces  at  tho  Dowlais  Iron-works.  It 
had  been  allowed  to  accumulate  during  about  two  years  prior  to  its 


removal. 

Silica   HO  •  33 

.  Sosquioxide  of  iron    47-05 

IVroxide  of  manganese   1  ■  77 

Alumina    8  43 

Lime   2  30 

Sulphate  of  lime   4*42 

Phosphate  of  lime    0  75 

Magmsia   113 

Potash   lxo 

So- la   0-30 

Hygroscopic  water   0'93 

Copper  and  antimony   trneea 


00  27 


I  should  certainly  have  expected  tho  presence  of  some  carbonaceous 
matter  in  such  a  deposit,  arising  from  the  decrepitation  of  the  coal  or 
otherwise. 

Effect  of  taking  off  the  Waste  Gas  on  the  Working  of  the 

Furnace. 

Supposing  that  the  wasto  gas  may  be  conveyed  away  from  the  fur- 
nace at  or  near  its  mouth,  without  in  any  way  affecting  either  tho  gaseous 
current  continually  ascending  from  the  twycrs,  or  the  descent  of  the 
materials  charged,  it  is  obvious  that  not  the  slightest  influence  should  be 
thereby  produced  upon  tho  quality  or  the  quantity  of  the  pig-iron  made 
Any  injurious  effect,  therefore,  upon  tho  working  of  tbe  furnace  which 
may  have  been  found  to  result  from  the  utilization  of  the  waste  gas, 
must  bo  due  to  interference  of  somo  kind,  either  with  the  ascending 
gaseous  current,  or  with  tho  descending  solid  current,  as  this  may  be 
appropriately  termed.  Now,  it  may  be  readily  conceived  that  the 
adjustment  of  apparatus  to  tho  mouth  of  a  furnace,  whether,  for 
example,  in  tho  way  of  simple  construction  or  total  closing,  would  1  e 
likely  to  influence  both  currents  ;  for,  the  pressure  of  tho  escaping  gas 
might  be  either  increased  by  obstruction  or  decreased  by  contrivances 
designed  for  exhaustion,  and  the  solid  materials  might  not  become 
intermixed  in  the  upper  part  of  the  furnace  in  exactly  tho  same 
manner  as  previously,  owing,  it  may  be,  to  the  charges  being  now  thrown 
in  towards  the  centre,  when  tho  lar  go  lumps  would  roll  towards  the 
circumference,  and  not,  as  heretofore,  thrown  in  round  tho  circum- 
ference, when  they  would  roll  towards  the  centre.  These  are  not 
imaginary  possibilities,  but  conditions  which  experience  has  proved  to 
bo  influential  and  important ;  and  in  proof  the  following  evidence  may 
bo  adduced. 
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Mr.  S.  H.  Black  well  took  the  management  of  a  furnace,  provided 
with  a  cylinder  6  ft.  in  diameter,  and  other  arrangements  for  taking  off 
the  gases.1  Two  evils  constantly  occurred,  "  slipping,"  and  44  fretting 
twyers."  The  stacks  were  not  powerful  enough  to  draw  off  the 
gas  without  a  closed  mouth,  and,  accordingly,  the  cup  and  cone  me- 
thod similar  to  that  in  use  at  the  Ebbw  Vale  Iron- works  was 
adopted.  The  beneficial  effect  was  immediate :  the  furnace  worked 
with  great  regularity,  and  carried  a  good  burden  ;  but  white  iron  alone 
was  produced.  The  burden  was  lightened,  or  in  other  words,  the 
proportion  of  coke  was  increased,  yet  without  changing  the  quality  of 
the  iron.  The  burden  was  further  lightened,  and,  although  the  cinder 
was  exceedingly  grey,  the  iron  still  remained  white.  A  pipe  0  in.  in 
diameter  was  inserted  at  the  filling  place,  but  with  no  result.  Another 
pipe  was  inserted,  when  some  little  change  appeared.  As  it  wan 
important  to  obtain  grey  iron,  it  was  determined  to  abandon  the 
utilization  of  the  gas,  rather  than  continue  to  make  white  iron.  The 
valves  of  the  gas-pipes  were  opened  close  to  the  mouth  of  the  furnace, 
so  as  to  allow  of  free  and  direct  communication  with  the  atmosphere, 
when  the  iron  became  grey  and  the  furnace  worked  with  great  regu- 
larity. Mr.  Black  well  correctly  ascribed  the  production  of  white  iron 
to  the  increase  of  pressure  caused  by  the  closed  mouth  ;  for,  the  mode 
of  filling  was  precisely  the  same  when  both  white  and  grey  iron  were 
made.  44  So  extremely  sensitive,'*  he  states,  44  did  the  furnace  appear 
to  be  to  the  slightest  restraint  upon  the  free  removal  of  the  gases,  that 
even  a  strong  wind  blowing  into  the  open  box  through  which  the  gases 
were  principally  escaping  would  throw  the  furnaco  into  white  iron." 

Mr.  Blackwell  had  charge  of  two  furnaces  in  Derbyshire  from  which 
the  gases  were  taken  off  for  the  purpose  of  heating  the  blast,  and 
which  worked  with  considerable  regularity  so  long  as  the  temperature 
could  be  properly  maintained.  This,  however,  was  not  constantly  the 
case,  on  account  of  tho  opening  into  the  gas -flues  l>eing  so  near  the 
mouth  of  the  furnace,  that  when  in  certain  directions  of  the  wind  tho 
gas  did  not  pass  off  with  regularity,  or  if  it  came  off  in  sufficient  quan- 
tity, it  was  so  mixed  with  atmospheric  air  that  it  burned  down  tho 
passages,  and  thus  occasioned  great  inconvenience.  A  wrought  iron 
cylinder  was  then  inserted  in  the  mouth  of  tho  furnace;  but  tho 
mouths  of  the  furnaces  were  small,  and  only  admitted  of  the  use  of 
cylinders  4$  ft.  and  6  ft.  in  diameter  respectively.  The  result  was 
quite  satisfactory  in  causing  a  regular  supply  of  unigni tod  ga«.  But 
the  furnace  with  the  4$  ft.  cylinder  began  to  scaffold  and  slip,  the 
twyers  were  exceedingly  troublesome,  and  tho  weekly  mako  fell  off 
considerably.  After  a  trial  of  one  or  two  weeks,  the  cylinder  was 
taken  out,  other  means  were  adopted  to  prevent  the  ignition  of  tho  gas 
taken  off,  and  the  furnace  resumed  its  former  regularity.  The  furnaco 
with  the  0  ft.  cylinder  worked  far  better,  yet  not  quite  satisfactorily  ; 
and  upon  the  cylinder  burning  out,  it  was  not  renewed,  an  arrange- 
ment similar  to  that  represented  in  fig.  80  being  now  adopted  in  both 


1  Proceedings  of  the  Inntitution  of  Mechanical  Engines  ante  «  it.  p.  196. 
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furnaces.  Thus  modified,  they  afterwards  worked  satisfactorily  during 
several  years,  yielding  gas  sufficient  to  heat  the  blast  without  any 
consumption  of  slack. 

Upou  the  preceding  results  Mr.  Blackwell  remarks  as  follows:— 
"  It  was  evident  from  this  trial,  and  from  similar  results  at  other 
works,  that  tho  irregularity  did  not  arise  from  the  mere  abstraction  of 
the  gases  themselves ;  and  there  was  only  one  other  cause  to  which  it 
could  be  attributed,  viz.,  tho  narrowing  of  the  filling  part  of  the 
furnace;  and  the  question  then  arose,  in  what  way  did  this  operate? 
The  first  suggestion  that  presented  itself  was  naturally  that  the  effect 
produced  arose  from  decreasing  the  area  through  which  the  gases 
generated  in  tho  furnace  were  given  off,  and  thus  causing  greater 
obstruction  to  tho  free  passage  of  tho  blast.  This  explanatiou  was 
soon  found  to  be  untenable."  The  insertion  of  a  thin  cylinder  into  the 
mouth  of  a  furnace  does  not  sensibly  diminish  its  diameter;  and,  there- 
fore, the  gas  must  escape  under  the  same  pressure  with  as  well  as 
without  tho  cylinder.  Moreover,  Mr.  Blackwell,  in  support  of  the 
correctness  of  his  conclusion  that  increase  of  'pressure  could  not  have 
occasioned  the  injurious  effects  in  the  furnaces  abovementioned,  adduces 
the  fact  that  certain  furnaces  in  South  Wales  work  well  with  closed 
mouths,  44  although  tho  area  through  which  the  gases  are  taken  off  is 
in  some  cases  not  equal  to  that  of  a  8  ft.  pipe,  and  much  less  than  the 
smallest  of  the  cylinders  which  produced  such  unfavourable  results." 
Now,  in  tho  Welsh  furnaces  referred  to,  either  the  fixed  or  moveable 
cone  (previously  described)  was  employed,  of  which  the  effect  is  to  dis- 
tribute tho  materials  of  the  charge  round  tho  circumference  of  the  in- 
terior of  the  furnace,  as  they  would  be  in  open  wide-mouthed  furnaces. 
Hence  Mr.  Blackwell  infers,  44  that  cylinders  in  Wales  had  been  pro- 
ductive of  much  less  injurious  consequences  to  the  general  working  of 
the  fumaco  than  those  in  Staffordshire,  because  the  greater  width  of 
tho  Welsh  tops  had  permitted  cylinders  of  from  8  ft.  to  10  ft.  to  be 
employed,  whilst  in  Staffordshire  only  cylinders  of  much  less  size  were 
practicable.  44  The  important  effect,"  continues  Mr.  Blackwell,  44  pro- 
duced on  tho  working  of  the  furnace,  chiefly  by  an  alteration  in  the 
arrangement  of  the  materials  in  the  furnace,  is  a  point  of  considerable 
interest,  but  one  to  which  little  attention  has  hitherto  been  paid.  In 
practice  it  has  been  long  known  to  the  best  managers  of  furnaces,  that 
wide  tops  were  desirable,  and  generally  accompanied  increased  make, 
but  .the  precise  manner  in  which  wide  tops  acted  was  not  clearly 
known  until  tho  attempt  to  use  the  waste  gases  led  to  its  evident 
explanation." 

It  might  be  urged  that  the  evidenco  derived  from  the  working  of 
tho  Welsh  furnaces  is  not  apposite,  because  they  may  differ  consider- 
ably from  those  of  Staffordshire  in  form  and  dimensions,  and  that  the 
fuel  and  materials  smelted  in  the  two  localities  may  be  dissimilar. 

Utilization  of  the  Ammonia  evolved  fkom  Blast-fubnaces. 

W  hen  raw  coal  is  used  as  fuel,  it  is  obvious  that,  during  its  conver- 
sion into  coke  as  it  descends  in  the  furnace,  the  ascending  gaseous  cur- 
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rent  must  contain  ammoniacal  products.  Bunscn  and  Play  fair  state 
that  ammonia  was  present  in  such  abundance  as  to  be  sensible  to  the 
smell  in  the  gases  collected  even  from  the  deeper  parts  of  the  furnace  at 
Alfreton.  They  found  that  for  100  parts  of  ammonia  3*77  parts  escaped 
along  with  the  gases,  while  96-27  parts  were  contained  in  the  water  in 
the  lead  tube  used  for  collecting  the  gas  in  their  experiments,  and  which 
resulted  from  the  condensation  of  the  aqueous  vapour  in  the  gas  as  it 
escaped  from  the  furnace.  44  The  ammonia,"  they  suggest,  "  may  be  ob- 
tained in  the  form  of  sal-ammoniac,  and  the  gas  previous  to  its  applica- 
tion as  fuel  be  conducted  through  a  chamber  containing  muriatic  acid. 
...  If  the  solution  of  sal-ammoniac  produced  by  the  condensation  of 
the  ammonia  be  allowed  to  flow  into  an  evaporating  pan,  over  the  sur- 
face of  which  a  small  part  of  the  flame  of  the  combustible  gas  is  allowed 
to  play,  a  convenient  arrangement  of  the  liquid  and  of  the  burning  stream 
of  gas  would  enable  us  to  obtain  a  constant  flow  of  a  concentrated 
solution  of  sal-ammoniac  as  an  auxiliary  in  the  manufacture.  The 
advantage  of  its  collection  is,  that  without  any  further  consumption  of 
fuel,  or  any  considerable  expenditure  of  labour,  a  valuable  commercial 
ingredient  would  be  economized."  They  computed  that  2  cwts.  of 
sal-ammoniac  might  have  been  thus  obtained  every  24  hours  at  the 
Alfreton  furnace.  "  without  increasing  the  cost  of  manufacture,  or  in 
the  slightest  degree  disturbing  the  process  of  smelting." 

Schemes,  which  are  very  ingenious  and  quite  practicable  on  a  small 
scale  in  the  laboratories  of  chemists,  may  be  impracticable,  or  at  least 
not  economical,  on  the  large  scale  as  manufacturing  operations ;  and, 
if  I  do  not  greatly  err,  the  proposal  to  obtain  sal  ammoniac  in  tho 
manner  above  described  is  one  of  these.  It  is  certainly  to  be  regretted 
that  such  a  valuable  substance  as  ammonia  should  be  wasteful ly  dissi- 
pated in  the  atmosphere ;  but  regret  will  bo  unavailing  unless  it  can 
be  shown  that  more  money  is  to  be  gained  by  checking  an  evil  than 
by  allowing  it  to  continue,  and  Bunsen  and  Play  fair  have  not  proved 
which  of  these  two  evils  is  to  be  preferred  with  respect  to  tho  collec- 
tion of  ammonia  from  blast-fumaees. 

ON  THE  BEST  FORM  OF  THE  BLAST-FURNACE. 

This  may  be  regarded  as  a  qucestio  vexata  in  tho  metallurgy  of 
iron.  Is  there  a  best  form  for  all  the  different  conditions  under  which 
the  smelting  of  iron  is  effected — for  hot  as  well  as  cold  blast — 
with  every  variety  of  fuel,  from  bituminous  non-caking  coals  to  anthra- 
cite, coke,  or  charcoal — with  every  variety  of  ore,  from  spongy  limonite 
to  dense  magnetic  oxide  of  iron — for  tho  make  of  every  description  of 
pig-iron,  as  white,  mottled,  and  grey — and  equally  applicable  when  tho 
waste  gas  is  utilized  as  when  it  is  allowed  to  escape  into  the  atmo- 
sphere? It  will  now  be  perceived  that  this  apparently  simple  ques- 
tion is  one  of  no  ordinary  degree  of  complication.  But  let  us  first 
enquire  respecting  certain  conditions,  which  must  be  fulfilled  under 
all  possible  circumstances. 

Descent  of  tfie  solid  materials. — It  seems  clear  that  the  descent  of  the  solid 
contents  of  the  blast-furnace  should,  as  far  as  practicable,  take  place 
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regularly,  and,  consequently,  that  the  form  of  the  interior  of  the  furnace 
should  be  such  as  would  be  least  likely  to  cause  lodgment  or  sensible 
retardation  in  any  part.  Hence,  sudden  contraction,  or,  what  is  equiva- 
lent, sharp  angles  in  the  lining,  should  bo  avoided.  But  it  is  obvious 
that  in  the  old  furnaces,  in  which  the  inclination  of  the  boshes  was  not 
steep,  this  condition  could  not  be  satisfactorily  fulfilled.  Accordingly, 
lodgment,  or,  as  it  is  technically  termed,  scaffolding,  was  of  frequent 
occurrence  in  sucfc  furnaces,  an  evil  sometimes  productive  of  serious 
inconvenience.  Experience  has  nearly  everywhere  led  to  the  con 
struction  of  furnaces  of  more  or  less  uniform  curvature,  in  some  cases 
oven  from  the  mouth  to  the  bottom  of  the  hearth.  The  form  of 
interior  now  generally  adopted  approximates  to  the  cylindrical  from  a 
cortain  distance  below  the  mouth  and  above  the  top  of  the  hearth.  In 
some  furnaces  the  shaft  is  actually  cylindrical  in  the  greater  part  of 
its  course.  This  modification  was  introduced  first  at  Dundyvan.  in 
Scotland,  and,  subsequently,  in  some  other  localities,  as  at  Russell's 
Hall,  near  Dudley,  belonging  to  Mr.  S.  H.  Blackwell,  and  Messrs. 
Cochrane's  Works  near  Middlesboro'-on-Tees. 

To  the  late  Mr.  John  Gibbons,  an  ironmaster  in  South  Staffordshire, 
is  ascribed  the  merit  of  having  first  recognized  the  importance  and 
adopted  the  modern  form  of  the  interior  of  the  blast-furnace.  He 
published  a  pamphlet  on  the  subject  in  1839,  of  which  a  reprint  was 
issued  in  1844."  It  is  in  many  respects  so  interesting  that  1  shall  not 
hesitate  to  extract  largely  from  it.  The  style  of  the  author  is  ex- 
tremely quaint,  and  I  shall,  as  far  as  practicable,  quote  his  own 
language. 

"  I  have  had,"  writes  Mr.  Gibbons,  M  ample  opportunities  of  watching 
the  Blast  Furnace  in  its  operations,  and  I  have  employed  them,  spe- 
cially, in  marking  tlie  changes  effected  l>y  the  fire  in  its  inner  form,  at  almost 
every  period,  from  its  being  put  into  blast,  to  the  time  when  it  became 
necessary  to  renew  the  Hearth  and  the  Boshes.  The  average  duration  of 
these  in  Staffordshire  may  be  stated  at  four  or  five  years ;  now,  having 
had  under  my  direct  Hiperintcndenco  for  many  years,  and  at  one  and  the 
same  time,  six  Blast  Furnaces,  it  has  often  been  necessary  or  expedient 
for  me  to  blow  them  out,  at  all  intervals,  from  three  months  to  the  time 
when  they  would  work  no  longer.  By  some  chance  or  other,  T  acquired 
the  habit  of  observing,  with  much  attention  and  interest,  the  changes 
of  internal  form  before  alluded  to.  I  had  used  to  say  to  myself,  'a 
fiery  finger  has  written  knowledge  on  these  walls;  I  will  try  to 
decyphor  it,'  and  in  this  way  I  found  or  fancied  many  things.  The 
first  circumstance,  perhaps,  that  directed  my  thoughts  more  particu- 
larly to  the  subject  on  which  I  write,  was  the  very  rapid  destruction 
that  takes  place  in  the  Hearth  and  Boshes  during  the  early  period  of 
the  Furnace  being  worked  ;  at  the  end  of  six  months,  it  may,  I  believe, 


2  Practical  Remarks  on  the  Gmstruc-  I  to  obtain  a  copy,  I  have  not  yet  succeeded 
of  the  Staffordshire  Blast  Furnncc,  i  in  doing  so.    I  tun  indebted  for  the  loan 


tion 

&e.  Birmingham,  1844,  8vo.  pp.  24.  The 
pamphlet  seems  to  he  very  scarce;  and 
although  I  haw  during  many  years  tried 


of  the  reprint  to  Dr.  Merryon.  I  haw  nrt 
Hcen  the  first  edition. 
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be  safely  stated  as  a  general  fact,  that  both  of  them  have  been  carried 
away  to  the  extent  of  at  least  a  third  of  their  substance.  From  this 
time,  or  about  this  time,  fur  exact  accuracy  cannot  be  attained  on  such 
a  subject,  the  destruction  becomes  gradual,  and  proceeds  more  or  less 
slowly,  till  the  Boshes,  either  in  somo  part  of  their  circle  or  the  whole 
of  it,  are  obliterated  ;  and  this  mav  be  called  the  natural  death  of  the 
Furnace — it  will  carry  on  its  operations  no  longer.  The  Hearth  may 
be  replaced  or  repaired  from  without  for  an  indefinite  period,  but  the 
Boshes  are  beyond  our  reach,  and  when  they  are  gone  the  case  is 
hopeless — the  Furnace  must  be  blown  out.  This  is  the  first  important 
fact  that  I  observed,  and  I  shall  add  to  it  but  one  other,  for  it  is  my 
object  to  write  as  concisely  as  1  can.  I  observed,  then,  that  in  the 
upper  part  of  the  Furnace,  from  eight  to  twelve  feet  downwards  from 
its  top,  or  about  a  fourth,  perhaps,  of  its  total  height,  the  lining  bricks 
were  but  little  changed  in  their  appearance,  even  at  the  end  of  four  or 
five  years ;  lower  down,  they  became  superficially  glazed,  and  by 
degrees  were  eaten  into  more  and  more  deeply,  forming  (so  to  speak) 
a  self- registering  pyrometer  that  marked  accurately  enough  for  all 
practical  purposes,  the  different  degrees  of  heat  to  which  the  lining  of 
the  Furnace,  in  all  its  parts,  has  been  subjected." 

"  It  appeared  to  me,  then  (with  a  view  to  the  rapid  destruction 
occurring  at  first),  that  if  I  at  once  made  the  room,  which  the  Furnace 
makts  for  itself  by  a  rougher  operation,  I  might  probably  preserve 
thereby  a  considerable  portion  of  my  Hearth  and  Boshes;  for  it  was 
evident,  that  after  a  certain  period  the  ravages  of  the  fire,  if  not 
suspended,  were  greatly  diminished,  and  I  hoj>ed  by  giving  to  it,  as  far 
as  I  could,  the  range  that  it  forced  for  itself,  1  might  lessen  its  destruc- 
tive energy — there  was  no  risk  in  the  experiment,  and  I  made  it.  I 
put  in  ray  Hearth  Stones  as  wide  asunder  as  the  pillars  of  the  stack  p.  e. 
the  pillars  which  carry  the  shaft  of  the  furnace  1  would  allow  :  I  cut 
them  upwards  from  the  Twyers  to  their  junction  with  tho  Boshes  in  a 
diagonal  line,  so  as  to  bring  them  into  tho  same,  or  nearly  tho  same 
angle  with  the  Boshes,  and  I  certainly  found  that  my  purpose  was  thus 
far  answered.  The  Furnace  lasted  longer,  the  Hearth  did  not  call  for 
repair  so  soon,  and  there  was  this  additional  advantage,  /  arrived  at  viy 
fw  burden  and  average  make  for  months  before  the  accustomed  period*  [The 
italics  are  mine.]  This  was  my  first  improvement ;  others  may  have 
done  the  same  thing,  or  something  equivalent  to  it ;  but  if  so,  I  am 
ignorant  of  the  fact ;  most  certainly  I  have  no  wish  to  ascribe  to  myself 
what  does  not  belong  to  me,  and  if  in  any  instance  I  trespass  against 
the  law  of  *  suum  cuique'  it  is  unconsciously." 

The  second  alteration,  which  Mr.  Gibbons  introduced,  and  which  ho 
regarded  as  more  important  than  the  first,  consisted  in  considerably 
enlarging  the  upper  part  of  the  interior  of  the  furnace ;  and  he  was 
led  to  this  by  reflecting  that  as  the  temperature  of  this  part  barely 
sufficed  to  glaze  the  firo-brick  lining,  41  no  chemical  change  in  the 
raw  materials  "  could  there  occur.  Hence,  he  inferred  that  if  he  could 
by  some  means  or  other  M  accumulate  heat  in  this  hitherto  useless  part 
of  the  furnace,  to  such  an  extent  as  would  let  loose  tho  chemical 
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agencies,"  ho  would  quicken  the  Bmelting  process  and  economise  fuel. 
44  As  opportunities  occurred,"  ho  writes,  44 1  did  so,  but  it  was  gradu- 
ally ;  for  I  am  a  timid  experimentalist,  and  Blast  Furnaces  are  too 
costly  in  themselves,  and  in  their  operations,  to  be  treated  as  play- 
things." He  first  scooped  the  interior  of  the  furnace  outwards  from 
the  top  of  the  boshes  to  the  mouth,  as  far  as  ho  could  do  so  with  safety 
to  the  general  structure,  and  44  the  effect  was  unequivocal,"  particularly 
as  to  the  consumption  of  coal.  The  next  step  was  increasing  the 
diameter  of  the  mouth,  and  8  ft.  Mr.  Gibbons  regarded  as  the  44  proper 
maximum,"  with  at  least  four  hoppers  or  filling  holes,  through  which 
the  materials  of  the  charge  should  be  alternately  thrown  in,  so  that 
thoy  might  be  distributed  as  evenly  and  nearly  on  a  level  as  practic- 
able. Furthermore,  instead  of  the  practice  then  prevailing  of  begin- 
ning to  contract  the  interior  from  the  usual  lower  termination  of  the 
boshes,  i.e.  about  12  ft.  or  14  ft.  above  the  bottom  of  the  hearth,  he 
widened  it  upwards  to  the  height  of  30  ft.,  or  more  than  half  its  total 
height,  so  that  the  boshes  being  12  ft.  across,  the  widest  part  of  the  fur- 
nace, which  bocamo  44  virtually  the  crown  of  the  boshes,'"  was  full  14  ft. 

After  blowing  out  furnaces  while  working  well,  Mr.  Gibbons  found 
not  more  than  5  in.  or  C>  in.  of  the  incline  of  the  boshes  left.  Hence, 
by  extending  the  boshes  much  higher  and  giving  them  a  steeper  slope, 
he  considered  that  he  had  "  removed  them  to  such  a  distance  from  the 
more  destructive  agency  of  the  fire,  as  to  make  it  almost  certain  that 
an  efficient  portion  of  their  upper  part  will  remain,  till  the  furnace 
becomes  incapable  of  working  from  some  other  cause ;  in  fact,  till  the 
fire  insinuates  itself  through  some  by-way  or  another  into  the  red- 
work  [t.  e.  the  outer  casing  of  red  brickwork,  which  in  Staffordshire  is 
termed  red-work,  to  distinguish  it  from  tho  fire-brick  work,  which  is 
comparatively  white.]  "  The  correctness  of  this  conclusion  was  proved 
by  the  fact  that  a  furnaco  constructed  on  the  principles  abovementioned 
continued  7  years  in  blast,  and,  as  far  as  concerns  tho  interior,  was  in 
good  working  order  when  it  was  blown  out.8  Estimating  the  duration 
of  this  furnace  by  tho  criterion  of  mafo,  after  it  had  been  4$  years  in 
blast,  it  had  44  outlasted  by  a  doubled  term  the  longest-lived  of  its 
brethren  "  in  tho  vicinity,  and  it  then,  so  far  from  showing  any  sign  of 
decay,  worked  better  than  ever. 

The  following  conclusive  numerical  results  are  adduced  by  Mr.  Gih- 
bons  in  proof  of  the  correctness  of  his  views.  Close  to  a  furnace,  A 
(fig.  82),  constructed  on  the  new  principles  above  stated,  was  another,  B« 
built  in  a  great  degree,  though  not  entirely,  on  the  old  model ;  this  was 
blown  by  the  same  engine,  with  the  same  volume  and  pressure  of 
blast  as  the  other;  it  was  under  the  same  management,  and  fed  with 
tho  same  materials— namely,  ironstone  and  cinder  from  the  refinery, 
puddling,  and  mill-furnaces.  Tho  work  at  B  during  6  consecutive 
montlis  was  a  weekly  make  of  75  tons,4  whereas  with  A  during  6  con- 
secutive months  (including  3  of  the  worst  in  the  year)  the  average 


»  On.  <-it.,  note    p.  30.  I  120  lbs.  to  the  cwt.,  or  that  of  2t00  If*. 

4  Tho  ton  hero  referml  to  is  20  cwt*.  of  |  HVoinliHxus. 
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weekly  make  was  100  tons.  The  best  3  months'  work  with  li  was  a 
weekly  make  of  79  tons,  and  with  A  107  tons. 
The  largest  make  in  a  single  week  with  B  was  84 
tons,  and  with  A  frequently  115  tons.  The  metal 
was  in  every  case  good  grey  forge-pig.  With  two 
other  furnaces  in  which  ironstone  alone  was 
smelted,  the  make  was  much  greater  even  than  in  j 
A.  The  reduction  in  make,  when  a  large  propor-  j 
tion  of  cinder  is  used,  is  a  point  on  which  Mr. 
Gibbous  lays  stress,  as  he  does  also  upon  the  fact 
that  he  had  a  very  insufficient  supply  of  blast  at 
a  pressure  only  of  1  lb.  13  oz.  per  squaro  inch. 
Thus  writes  Mr.  Gibbons  :— 44  I  stand  upon  my 
facts.  Here  is  my  furnace,  and  here  are  its  per- 
formances !  Has  it,  or  has  it  not,  considerably 
exceeded  the  usual  make  in  Staffordshire,  my 
drawbacks  notwithstanding?  And  if  it  has,  to 
what  cause  can  you  attribute  it,  other  than  tho 
modification  of  its  form  ?" 

Another  furnace  was  afterwards  built  by  Mr. 
Gibbons  after  the  model  of  A,  but  2  ft.  were  added 
to  its  height,  about  3  in.  to  its  widest  part,  and 
18  in.  to  the  square  of  the  hearth.  This  furnace 
has  often  made  150  tons  per  week  of  grey  iron,  its 
average  for  long  periods  being  135  tons.  It  was 
worked  with  hot-blast  and  a  largo  proportion  of 
cinder.  Its  make  was  full  |  of  No.  1,  and  the 
remainder  No.  2  and  3,  all  foundry  iron. 

Mr.  Gibbons  gratefully  acknowledges  tho  assistant  ,  which  ho 
derived  from  Mr.  William  Gibbons  in  carrying  his  principles  into 
practice;  and  thus  quaintly  expresses  himself  concerning  innovations 
in  the  smelting  and  manufacture  of  iron: — 44  Luckily,  too,  he  [Mr.  W. 
Gibbons]  is  gifted  with  an  imperturbable  temper,  and  a  perseverance 
that  never  sleeps,  or  slumbers,  or  tires ;  and  tho  ironmaster  who  would 
break  up  fresh  ground  has  need  of  it  all.  The  lawyer's  love  for  his 
precedents  is  not  half  so  strong  as  the  workman's  for  his  accustomed 
methods.  If  the  *  Sture  super  antiqnas  men'  be  the  true  wisdom,  they  are 
the  wisest  of  men.  I  can  speak  feelingly  on  the  subject,  for  not 
only  at  the  Blast  Furnace  have  I  had  much  to  do  in  this  way,  but  at 
the  Forge  and  Mill  a  great  deal  more  :  and,  oh,  the  worry  and  the 
fret!  the  objections  4 never  ending,  still  beginning!'  the  obstacles 
raised  up  against  you  on  every  side — obstacles  with  a  Hydra-headed 
life,  for  strike  them  down  as  you  may,  they  aro  sure  to  ri.so,  and 
reappear  again  and  again.  Poor  Christian  in  the  Slough  of  Despond 
was  not  in  so  bad  a  plight  as  the  innovating  ironmaster ;  the  toil 
of  Sisyphus  was  but  a  type  of  his;  at  the  last  (to  bo  sure)  he  may 
lodge  his  Blippery  stone  upon  tho  mountain  top,  but  his  labours  are  not 
over,  he  must  continue  to  guard  it,  for  many  and  many  a  day,  with 
anxious  eyes,  or  lie  will  find  it  rolling  down  again,  he  scarce  knows  how, 


Fig.  *2.  So.  4.  Oorbyit'a 
Hall.  Gibb-ni.  49*0  cubic 
ft.  solid  conUnt. 
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urged,  as  it  would  almost  seem,  by  invisiblo  fingers."  There  is  much 
sound  practical  philosophy  in  these  remarks. 

Whatever  may  be  the  opinion  as  to  the  reasons  which  Mr.  Gibbons 
assigns  for  his  modification  of  the  internal  form  of  the  blast-furnace, 
there  can  be  no  doubt  as  to  its  beneficial  results.  It  might,  however, 
be  urged  that  the  results  of  the  working  of  the  A  and  B  furnaces  do 
not  admit  of  exact  comparison,  inasmuch  as  the  cubical  contents  of 
both  were  not  the  same.  But,  in  reply,  it  may  be  stated  that  the  dif- 
ference, which  may  have  existed  in  this  respect,  was  not  commensurate 
with  the  difference  of  make  in  the  two  furnaces,  while  working 
under  practically  identical  conditions.  The  hearth  of  his  improved 
furnace  was  very  small  compared  with  the  hearths  of  many  furnaces 
subsequently  erected,  especially  in  this  country,  and  which  have  been 
found  to  work  in  the  most  satisfactory  manner.  Mr.  Gibbons  seems 
to  have  appreciated  the  importance  of  a  wide  hearth ;  for  he  states,  M I 
most  certainly  would  place  my  pillars  wide  enough  asunder  to  admit 
of  a  Ti-ft.  hearth,  at  least,  when  the  stones  were  first  put  in."*  In 
1843,  that  is  one  year  preceding  tho  reprint  of  Mr.  Gibbons's  pam- 
phlet, a  blast-furnace,  having  a  circular  hearth  0  ft.  in  diameter, 
was  erected  by  Mr.  Kenyon  Biackwell  at  the  Kussell's  Hall  Iron-works, 
near  Dudley.  This  was  a  considerable  step  in  advance.  The  weekly 
yield  of  this  furnace  was  about  175  tons,  the  largest  make  at  that 
period  of  any  furnace  in  South  Staffordshire. 

One  of  the  characteristic  features  of  Mr.  Gibbons's  improvement  is,  the 
steep  inclination  of  tho  boshes  and  the  rounding  off  of  the  hearth  from 
the  twyers  upwards,  thus  avoiding  the  sharp  angles  which  previously 
existed  both  at  the  top  and  bottom  of  tho  boshes.  Now,  it  is  obvious 
that  such  an  alteration  of  form  must  affect  in  a  sensible  degree  the 
descent  of  the  materials  in  the  corresponding  ]>art  of  the  furnace. 
There  would  bo  less  friction  on  the  lining  of  this  part,  and,  conse- 
quently, loss  inequality  in  tho  rate  of  descent  between  the  external 
and  central  port  ions  of  the  solid  contents  in  this  part,  and  the  influence 
of  such  inequality  would  necessarily  extend  to  a  considerable  distance 
upwards.  Besides,  it  seems  reasonable  to  suppose  that  the  altera- 
tion of  form  in  question  would  not  bo  without  effect  upon  the  ascending 
gaseous  current  and  upon  the  distribution  of  heat,  if  not  also  upon 
the  temperature  in  the  interior  of  the  furnace,  especially  below  the 
boshes. 

The  decrease  in  volume  which  the  materials  of  the  charge  undergo 
during  their  descent  through  the  furnace  is  a  point  which  demands 
particular  notice.  Suppose  the  fuel  to  be  charcoal  or  coke — that  the 
ore  is  of  a  nature  neither  to  expand  nor  contract  in  a  sensible  degree 
by  heat,  as  is  the  case  with  the  magnetic  oxides,  red  haematites,  and 
ores  previously  calcined— and  that  the  flux  likewise  suffers  no  sensible 
chango  in  bulk  by  exposure  to  a  high  temperature,  as  is  the  case  with 
lime,  and  even  with  limestone— then  it  seems  icasonable  to  conclude 
that  tho  internal  diameter  of  the  furnace  should  begin  and  continue 


•'  (>j».  «  it„  uolv  *1,  p.  27. 
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pari  passu  to  diminish  with  the  contraction  in  volume  of  the  descending 
column  forming  the  solid  contents  of  the  furnace.  Now,  this  contrac- 
tion will  coincide  with  the  oxidation  of  the  carbon  of  the  fuel,  which 
commences  where  reduction  of  the  ore  first  takes  place,  and  the  tem- 
perature is  sufficiently  high  to  convert  carbonic  acid  by  contact  with 
carbon  into  carbonic  oxide.  The  narrowing,  therefore,  of  the  interior 
of  the  furnace  should  be  comparatively  rapid  towards  the  bottom, 
where  the  carbon  is  most  quickly  removed  in  the  state  of  gas,  and 
especially  in  the  zone  of  fusion,  where  the  volume  of  the  descending 
column  is  further  greatly  decreased  by  liquefaction.  Accordingly, 
it  will  be  found  that  modern  furnaces  of  the  most  approved  construction 
are  precisely  those  in  which  these  theoretical  conditions  seem  to  be 
best  fulfilled. 

But  the  rapidity  with  which  the  fuel  disappears  will  obviously  vaiy 
with  its  nature.  Light,  easily  combustible  charcoal,  for  example,  will 
be  much  more  quickly  consumed  than  dense  and  difficultly  combustible 
anthracite-  The  quantity  of  air,  also,  blown  into  the  furnace  in  a 
given  time,  or,  in  other  words,  the  mode  of  driving,  will  necessarily 
be  another  cause  of  variation  with  respect  to  rapidity  of  combustion. 
Whether  difference  in  the  temperature  of  the  blast  will  tend  to  the 
same  result  does  not  a  priori  appear  equally  certain  ;  because,  with 
hot-blast  there  is  much  less  fuel  to  be  consumed  for  a  given  yield 
of  pig-iron  than  with  cold-blast,  and  it  doos  not,  therefore,  follow 
that  there  should  be  a  different  rato  of  contraction  in  the  descend- 
ing column  from  that  in  a  furnace  working  on  cold-blast.  From 
these  considerations,  it  will,  I  think,  be  admitted  that  the  problems 
connected  with  the  descent  of  tho  solid  materials  through  the  blast- 
furnace are  not  so  Bimple  and  easy  of  solution  as  at  first  might  have 
been  anticipated.  One  inference,  however,  may  with  tolerable  cer- 
tainty be  drawn  from  them,  namely,  that  the  samo  form  of  interior  of 
the  blast-furnace  will  not  be  equally  suitable  for  every  kind  of  fuel. 

It  has  been  previously  shown  that  under  tho  conditions  supposed 
with  respect  to  the  nature  of  the  charge,  there  is  neither  reduction  of 
the  ore  nor  oxidation  of  carbon  to  a  considerable  depth  below  the 
mouth  of  the  furnace,  and  consequently,  no  sensible  decrease  in  the 
volume  of  the  descending  solid  materials.  Hence,  it  might  be  in- 
ferred, that  throughout  this  space  the  interior  of  the  furnace  should  bo 
cylindrical,  except  near  the  mouth,  which  it  is  necessary  to  contract,  in 
order  that,  in  filling,  tho  materials  may  be  more  regularly  commingled, 
and  more  evenly  distributed  than  would  otherwise  be  practicable. 
Accordingly,  as  we  have  seen,  furnaces  have  been  constnicted  of  which 
the  shaft  is  cylindrical  from  a  certain  distance  below  the  mouth  to  tho 
top  of  the  lx>shes  proper.  These  furnaces  are  reported  to  work  very 
satisfactorily,  yet  they  have  but  rarely  been  adopted. 

After  all,  it  must  be  confessed,  that  experience  is  tho  only  sure, 
and,  therefore,  safe  guide  with  reference  to  the  precise  inner  form 
of  the  blast-furnace  best  suited  for  any  particular  fuel,  etc.  etc.  We 
have  merely  to  inspect  the  engravings  of  the  vertical  sections  of  blast- 
furnaces, which  have  been  erected  at  different  times  and  in  different 
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localities,  to  learn  how  great  has  been  the  diversity  of  opinion  as  to 
the  question  now  nnder  consideration,  namely,  the  best  form  of  fur- 
nace. But  experiments  on  the  construction  of  great,  furnaces  of  this 
kind  must  necessarily  be  very  costly,  and  should  not  be  lightly  made, 
as,  in  the  event  of  failure,  the  loss,  whether  from  diminished  yield, 
alteration  in  the  quality  of  the  pig-iron,  or  increased  consumption  of 
fuel,  may  speedily  rise  to  a  largo  amount.* 

During  tho  descent  of  the  solid  materials  in  the  blast-furnace,  it  is 
clear,  that  somewhere  before  reaching  the  zone  of  fusion  they  should  be 
thoroughly  commingled,  in  order  that  the  flux  may  act  efficiently  and 
tho  reduced  iron  be  properly  carburized.  The  materials  of  the  charge 
may  be  more  or  loss  uniformly  mixed  at  the  top  of  the  furnace,  if  the 
filling  bo  suitably  conducted ;  and,  supposing  this  to  be  the  case, 
the  form  cf  the  interior  of  the  furnace  will  not,  probably,  tend  to 
render  tho  mixture  less  regular.  On  the  other  hand,  supposing  the 
contrary,  then  it  seems  probable  that  one  form  of  interior  of  the 
furnace  may  induce  intermixture  of  tho  ingredients  of  the  charge  much 
more  than  another.  In  tho  furnace  with  a  cylindrical  interior,  it 
seems  loiist  likely  that  any  effect  of  this  kind  should  occur,  although 
even  in  such  a  furnace,  especially  if  it  be  wide,  tho  rate  of  descent  at 
the  sides,  owing  to  friction,  would  be  somewhat  less  than  towards  the 
centre  ;  and,  unless  tho  rate  of  descent  is  absolutely  the  same  in  every 
part  of  tho  horizontal  sectional  area  of  tho  furnace  throughout,  the 
ingredients  of  the  charge  will  become  more  or  less  intermixed  in  their 
course  downwards.  It  has  been  imagined  that  towards  the  lower  part 
of  the  furnace,  owing  to  the  more  rapid  descent  of  tho  solid  materials 
of  tho  charge  towards  tho  centre  than  near  the  circumference,  a  sort 
of  vortex  or  succession  of  vortices  is  formed,  such  as  is  seen  in  the 
sand  of  an  hour-glass ;  but  if  this  were  so,  it  would  imply  at  least 
occasional  interruption  in  tho  descending  column  immediately  above 
the  vortex,  and,  what  is  equivalent,  temporary,  and,  it  may  be,  slight 
scaffolding.7  Now  admitting  this  for  the  sake  of  argument  to 
be  true,  particles  would  tend  to  roll  from  tho  circumference  into  the 
hollow  towards  the  centre,  and  so  commingling  might  bo  promoted. 
Tho  existence,  however,  of  vortices  of  this  kind  is,  it  must  be  remem- 
bered, only  imaginary  at  present,  and  has  not,  so  far  as  I  am  aware, 
been  established  by  observation. 


6  Mr.  Gibbons  lias  mode  some  pertinent  I 
remarks  on  the  clangor  of  scheming  in 
ironworks:  thus  ho  writes,  "A  set  of 
experiment-making  workmen  would  bo 
worse  than  the  plagues  of  Egypt.  The 
master,  too,  had  better  beware  of  this 
projxmsity  :  it  is  a  dangerous  one ;  and 
though,  |>erhaps,  I  have  been  a  little  of  a 
schemer  myself,  I  sny  most  devoutly — 
'  The  Ixml  deliver  me  from  this  restless 
and  mischief-making  race.'  In  an  iron- 
work, of  all  places  |  from  the  magnitude  of 
our  operations,  the  Dumber  and  complexity 
of  our  processes,  and  more  emphatically, 


I  perhaps,  from  the  otwourity  in  which  some 
of  them  are  shrouded),  the  projector,  with 
his  circumscribed  vision  and  remorses* 
hand,  is  the  most  especially  to  be  dreaded. 
....  Let  Science  approach,  and  welcome 
— we  can  find  her  enough  to  do :  perad- 
venture,  enough  to  baffle  and  confound 
her.    Let  her  come."    P.  33. 

>  Vid.  op.  cit.  by  Mr.  Gibbons.  Ap- 
pendix, p.  21. — "I  do  not  believe  tbat  the 
materials  descend  altogether,  or  on  a  level, 
as  a  piston  descends  in  a  cylinder :  but  that 
they  pass  down  a  kind  of  vortex  or  funnel, 
much  as  sand  does  in  the  hour-glass." 
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A  few  years  ago  Air.  Kenyon  Blaekwell  published  a  paper  containing 
some  judicious  remarks  on  the  construction  of  the  blast-furnace.' 
"  The  proposition,"  he  writes,  "  laid  down  by  some  of  the  principal 
writers  on  the  theory  of  the  blast-furnace,  namely,  that  the  materials 
in  it,  which  possess  very  different  specific  gravities,  descend  through 
the  furnace  in  the  same  distinct  strata  as  those  in  which  they  are 
spread  when  introduced  at  tho  mouth,  is  entirely  erroneous.  Their 
descent  is  in  vertical  lines,  moving  parallel  to  each  other  at  different 
rates,  according  to  their  different  specific  gravities ;  and  this  species 
of  motion  produces  a  perfect  intermingling  of  the  whole.  The  internal 
outline  ought  to  be  such  as  not  to  interrupt  this  motion  in  any  part  of 
the  descending  column,  nor  by  a  too  rapid  contraction  of  tho  sectional 
area  of  the  furnace  to  arrest  the  outward  portions  of  tho  materials, 
while  the  internal  portions,  situated  vertically  above  tho  hearth,  leave 
the  others  behind  in  their  passage  downwards." 

If  the  descent  be  in  vertical  lines,  these  must  of  course  be  parallel 
to  each  other ;  but  how  such  vertical ity  of  motion  can  take  place 
everywhere  in  an  ordinary  blast-furnace  in  which  the  interior  curves 
considerably  outwards,  and  the  mouth  and  hearth  are  much  narrower 
than  the  shaft,  does  not  appear  very  intelligible.  Nor  is  it  clear  how 
tho  rate  of  movement  should  be  much  affected  by  variation  in  the 
specific  gravity  of  the  materials  composing  the  descending  column. 
If,  indeed,  specific  gravity  were  operative  under  the  conditions  sup- 
posed, then,  in  the  smelting  of  dense  magnetic  iron  ore,  for  example, 
with  charcoal,  not  much  of  tho  latter  should  reach  tho  lower  part  of 
the  furnace,  owing  to  the  enormous  difference  of  specific  gravity 
between  this  kind  of  ore  and  fuel.  But  we  know  that  such  is  not  the 
case;  and,  a  fortiori^  it  cannot  be  in  a  furnace  working  with  a  much 
denser  fuel  than  charcoal,  such  as  coke  or  anthracite,  and,  for  the 
most  part,  much  less  dense  ores  than  compact  magnetic  oxides,  such  as 
limonite,  etc.  The  solid  contents  of  a  blast-furnace  are  packed  pretty 
closely  together,  especially  low  down,  from  tho  groat  superincumbent 
weight,  and  specific  gravity  can  have  no  appreciable  influence  upon 
the  rate  of  descent.  There  appears  to  be  some  incompatibility  be- 
tween the  two  statements  of  Mr.  Blaekwell,  namely,  that  the  materials 
descend  in  vertical  lines,  and,  nevertheless,  perfectly  intermingle. 

The  size  of  the  materials  of  tho  chargo  is  a  point  which  must  be 
specially  considered  in  connexion  with  the  subject  of  their  descent. 
In  Sweden  and  elsewhere  the  ore,  we  have  seen,  is  carefully  broken 
into  small  pieces,  while  in  this  country  much  of  it  is  thrown  into  the 
furnaces  in  large  lumps.  Tho  size  of  tho  pieces  of  ore  should,  no 
doubt,  vary  according  to  its  nature  :  thus,  it  is  obvious  that  compact, 
dense  magnetic  oxide  or  red  haematite  should  be  in  much  smaller  pieces 
than  light,  spongy  limonite,  or  calcined  spathic  or  argillaceous  car- 
bonates. Yet  it  is  a  question  whether  in  this  country  tho  compara- 
tively light  ores  are  not  sometimes  used  in  too  large  lumps.  However 
this  may  be,  when  the  ore,  fuel,  and  flux  vary  much  in  dimensions, 
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either  singly  or  with  each  other,  it  is  important  to  ascertain  whether 
this  condition  may  sensibly  affect  the  descent  of  the  solid  materials 
in  the  furnace. 

If,  from  the  mode  of  charging,  or  otherwise,  the  larger  lumps  should 
accumulate  to  a  great  extent  towards  the  circumference  of  the  interior 
of  tho  furnace,  and  the  smaller,  consequently,  towards  the  centre,  or 
conversely,  it  seems  plain  that  the  ascending  gaseous  current  must 
bo  thereby  influenced.  Where  the  larger  lumps  are,  there  will  be  the 
greatest  amount  of  interstitial  space,  and  correspondingly  less  resist- 
ance to  the  passage  upwards  of  the  gas,  so  that  more  gas  in  the  same 
time  will  ascend  through  one  part  of  tho  furnace  than  another.  This 
condition,  it  might  have  been  inferred,  would  have  caused  irregularity 
of  action,  at  least  in  the  same  horizontal  area,  and  would  have  influ- 
enced in  some  degree  the  descent  of  the  solid  materials.  Now,  of  late 
it  has  been  maintained  that  the  unequal  distribution  of  tho  components 
of  the  charge,  especially  the  ore,  may  actually  occur ;  that  so  far  from 
being  injurious  to  the  working  of  tho  furnace,  it  is  positively  bene- 
ficial ;  and  that  it  is  determined  by  the  mode  of  charging. 

Mr.  Parry,  of  tho  Ebbw  \iale  Iron-works,  has  given  particular 
attention  to  this  subject.  lie  found  that  furnaces  originally  built  with 
tops  too  naiTow  to  produce  the  best  effects,  were  improved  in  their 
action  by  a  conical  charger  of  small  diameter ;  and  that  those  having 
the  opposite  defect  of  being  too  wide  at  the  top,  might  also  be  bene- 
fited to  a  certain  extent,  provided  tho  walls  were  nearly  perpendicular, 
or  did  not  widen  rapidly  downwards,  by  employing  as  large  a  cone 
as  possible  in  the  throat.  By  this  arrangement  he  supposed  that  the 
minerals  must  drop  closo  to  the  walls,  and  the  larger  lumps  roll 
towards  tho  axis  of  tho  furnace,  whereby  the  ascent  of  the  gaseous 
current  through  that  part  would  be  facilitated,  an  effect  which  he 
considered  in  a  certain  degree  to  depend  upon  tho  concave  form  of  the 
surface  of  the  minerals  resulting  froni  this  mode  of  charging,  and  the 
consequent  diminished  height  and  resistance  there  to  the  upward 
passage  of  the  gas.  "  This  principle  of  improving  tho  charging  of 
such  defective  furnaces,"  Mr.  Parry  writes,  **  is  carried  out  to  some 
extent  in  feeding  open-top  blast-furnaces  where  the  gases  are  lost. 
The  charging-plate  is  bo  placed  as  to  prevent  the  nose  of  tho  barrow 
projecting  any  distanco  into  the  furnace  ;  tho  minerals  being  thus  dis- 
charged close  to  the  edge,  the  larger  lumps  roll  over  to  the  centre, 
leaving  tho  smaller  at  tho  ring  wall  to  check  the  upward  current 
there." 9 

In  support  of  the  preceding  explanation  the  following  observations 
have  been  recorded  by  Mr.  Parry: — 11  A  largo-domed  furnace  was 
furnished  with  the  same  kind  of  charging  apparatus  [cup-and-cone] 
which  proved  so  successful  in  former  instances,  but  tho  same  derange- 
ments occurred  [scaffolding,  black  cinder,  inferior  iron,  etc.]  as  in  the 
cases  whore  a  portion  of  the  gases  was  collected  by  a  sunk  tube  in  the 
throat.    It  occurred  to  the  writer,  as  the  furnace  could  not  be  filled 
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to  within  6  ft.  or  7  ft.  of  the  top,  and  that  at  that -depth  it  was  13^  ft. 
in  diameter,  owing  to  the  sharp  sweep  of  the  dome,  a  new  form  of 
furnace  altogether  was  in  operation,  viz.,  one  of  37  ft.  in  height,  in- 
stead of  44  ft,  with  a  mouth  13 h  ft.  in  diameter,  und  not  8  ft.  as  before  ; 
and  that  as  the  minerals  cannot  lie  so  close  against  tho  smooth  sides 
of  the  walls  as  they  do,  locked  and  dovetailed  into  each  other  in  the 
more  central  region  of  the  furnace,  a  freer  diHcharge  of  the  gases  up 
the  hides  must,  as  a  consequence  of  this,  be  expected,  and  in  propor- 
tion to  the  respective  circumferences  of  the  mouths,  or  as  25  to  42. 
On  boring  a  hole  through  the  side  of  the  furnace,  about  tho  boshes, 
this  was  found  to  be  the  case,  but  to  a  greater  degree  than  expected. 
For  2  ft.  in,  the  coke  and  other  materials  were  at  a  white-heat ;  but 
a  little  further  on  towards  the  centre,  lumps  of  black  blazing  coal 
were  found,  and  ironstone  which  had  not  even  attained  a  red-heat. 
The  charging  apparatus  was  now  raised  5  ft.,  and  the  minerals  drawn 
up  an  inclined  plane  to  tho  charging  cup,  enabling  tho  furnace  to 
be  kept  full  to  within  a  short  distance  of  the  old  mouth,  after  which 
it  worked  as  usual.  That  diminished  height  alone  was  not  the  cause 
of  irregular  working,  has  since  been  proved,  the  fumaco  having 
been  blown  out  for  repairs,  and  ro-lined,  giving  to  it  the  form 
and  proportions  deemed  necessary  from  the  experience  gained — the 
height  being  now  37  ft.,  and  the  diameter  of  the  mouth  7i  ft,  or  one 
half  that  of  the  body.  The  same  charger,  which  failed  before,  is  used, 
and  the  furnace,  now  working  five  years  since  the  change  of  form,  has 
turned  out  a  large  make  of  foundry-iron,  economises  tho  whole  of  its 
gas,  und  is  as  obedient  to  the  manager  as  any  closed  or  open  top 
blastfurnace  can  reasonably  be  expected  to  be." 

Ascent  of  Gaseous  Current, — It  has  been  impossible  to  avoid  antici- 
pating this  part  of  the  subject  to  a  certain  extent  under  the  last  head. 
When  we  reflect  upon  tho  phenomena  which  take  place  in  the  blast- 
furnace,  we  might  naturally  suppose  that  equality  of  action  in  every 
part  of  the  same  zone  would  be  desirable,  provided  that  in  every  part 
of  the  same  zone  tho  solid  materials  descend  at  the  name  rate,  and 
have  substantially  the  same  average  dimensions;  and,  with  these 
provisos,  the  supposition,  it  can  hardly  be  doubted,  would  lie  well 
founded.  But,  frequently,  as  we  have  seen,  it  is  otherwise,  at  least 
with  respect  to  tho  last  condition,  tho  lumps  of  ore  especially  being 
very  unequal  in  size.  Now,  it  need  hardly  be  observed  that  large 
lumps  of  ore  require  a  much  longer  time  for  reduction  than  the  same 
weight  of  ore  in  small  pieces.  Hence,  if,  as  previously  alleged,  it  is 
desirable  that  the  large  lumps  should  roll  towards  tho  middle  for  tho 
reason  assigned,  namely,  to  facilitate  tho  upward  passage  of  tho  gas 
through  tho  central  portion  of  the  furnace ;  and,  further,  if,  thereby, 
as  is  also  alleged,  every  part  of  every  zone  is  traversed  in  the  same 
time  by  the  same  volume  of  gas,  it  is  difficult  to  understand  how 
reduction  should  be  equally  advanced  in  tho  large  central  lumps  and 
the  smaller  pieces  of  ore  towards  the  circumference.  Such  a  dis- 
tribution of  the  ore  would  seem  to  indicate  that  in  order  to  equality 
of  chemical  change  in  every  part  of  the  zone  of  reduction,  a  greater 
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volume  of  gas  should  in  the  sumo  time  ascend  through  the  central 
part  than  elsewhere.  But  on  this  point  I  express  myself  with 
some  reservation,  as  it  may  be  contended  that  large  lumps  of  ore  will 
requiro  a  certain  time  for  complete  reduction  to  the  centre  by  carbonic 
oxide,  whatever  may  bo  the  velocity  of  the  upward  gaseous  current 
Tho  temperature,  however,  will  necessarily  increase  in  a  certain  ratio 
with  the  amount  of  gas  which  passes  upwards.  Mr.  Tarry  asserts 
that  a  44  state  of  perfection  can  exist  only  when  the  isothermal  lines  in 
the  furnace  are  parallel  to  tho  horizon  —  the  temperature  of  the 
minerals,  at  any  given  height,  being  tho  same  through  tho  whole 
horizontal  sectional  area  at  that  height,  and,  consequently,  arriving 
at  the  zone  of  fusion  in  an  equally  prepared  state." 1  If  my  reasoning 
bo  correct,  for  the  conditions  supposed,  this  assertion  of  Mr.  Parry 
cannot  be  received  without  qualification.  It  will  be  noticed  that  the 
question  here  is  not  with  regard  to  the  accuracy  of  Mr.  Parry's  ob- 
servations, in  which  I  fully  believe,  but  simply  as  to  the  correctness 
of  his  deductions  therefrom. 

In  order  to  avoid  tho  charge  of  incomplete  quotation  from  Mr.  Parry's 
interesting  paper,  I  present  the  following  extract  in  extenso :— "  We 
have  seen  that  if  the  mouth  of  a  furnace  bo  too  wide,  tho  heated  gases 
have  a  greater  tendency  to  pass  up  the  sides  than  the  centre,  thus  de- 
stroying the  horizontality  of  the  lines  of  equal  temperature,  and  giving 
them  a  curved  form,  having  tho  convex  side  downwards :  hence  ores, 
at  different  temperatures,  and  of  various  stages  of  preparation,  will 
occupy  any  given  horizontal  sectional  area  of  the  furnace ;  these  de- 
scending and  mixing  in  the  zone  of  fusion,  will  produce  evils  in  pro- 
portion to  the  extent  of  the  deflection  of  the  curves  from  an  horizontal 
line.  On  tho  contrary,  if  the  mouth  of  a  furnace  be  too  narrow  in  pro- 
portion to  tho  other  parts,  we  may  expect  an  unduo  proportion  of  the 
gases  to  pass  up  tho  centre,  leaving  tho  minerals  around  tho  sides 
comparatively  unacted  upon.  It  is  easy  to  see  that  the  same  evils  de- 
scribed in  the  other  case  must  ensue  here,  the  isothermal  lines  be- 
coming now  concave  downwards  instead  of  convex,  giving  as  before, 
through  any  horizontal  section  of  the  furnace,  ores  at  various  tempera- 
tures, and  at  different  stages  of  deoxidation  or  carburization,*  according 
to  the  depth  they  have  attained  in  the  furnace.  The  writer  has  never 
mot,  in  the  course  of  his  experience,  such  a  case  in  an  extreme  degree  ; 
but  it  is  recorded  that  at  tho  Powlais  Iron-works  a  furnace  with  a  G  ft. 
mouth  and  18  ft.  body  proved  a  failure,  but  that  subsequently  tho 
mouth  being  widened  to  9£  ft.,  satisfactory  results  were  obtained,  tho 
make  being  doubled,  while  the  consumption  of  fuel  per  ton  of  iron  was 
reduced  to  one-half,  besideN  an  improvement  in  the  quality  of  the 
latter." 3 


1  Op.  fit.  p.  :M).  forge-pigs  for  many  months  previous  to  its 

2  Mr.  Parry  lines  the  word  "carboni-  being  blown  out.  The  width  of  the  lunrth, 
station. which  at  first  was  7  ft.,  had  become  13  ft. 

a  Op.  eit.  '!0.    The  following  inforniu-  o'  in.,  the  Inches  were  completely  gone,  mid 

tion  was  eommuniented  to  the  meeting  scarcely  a  vestige  of  its  original  shajie  re- 

before  which  Mr.  Tarry  read  his  paper,  niained. 
It  made  about  200  tons  ]ier  week  of  good 
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The  practical  deductions  from  the  foregoing  considerations  may  l»e 
summed  up  as  follows  i—When,  in  any  given  zone,  the  solid  materials 
are  uniformly  commingled,  and  have  the  same  average  dimensions 
throughout,  the  ascending  gaseous  current  should  equally  traverse 
every  part  of  that  zone ;  but  when,  on  the  contrary,  the  materials, 
especially  the  ore,  differ  much  in  dimensions  in  different  parts  of  any 
given  zone,  the  gaseous  current  should  more  rapidly  traverse  that  part 
of  it  where  the  lumps  are  largest,  i.e.  subject  to  the  reservation  pievi- 
ously  mentioned,  and  the  assumption  that  increased  velocity  and  tem- 
perature of  the  upward  gaseous  current  will  occasion  a  corresponding 
increase  in  the  rapidity  of  reduction  in  tho  ore — an  assumption  for 
which  proof  may  be  reasonably  demanded.  By  way  of  corollary,  it 
should  also  be  stated  that  where,  in  a  given  zone,  most  gas  passes,  the 
temperature  will  be  highest.  By  this  increase,  both  in  the  amount  of 
gas  and  temperature,  there  will  be  compensation  for  the  otherwise 
slower  reduction  of  the  larger  lumps  of  ore,  and  the  whole  of  the  ore 
may  be  reduced  in  the  same  zone  in  the  same  time  ;  and  consequently 
tho  descending  column  of  solid  materials  may  reach  the  zone  of  fusion 
in  au  equal  degree  of  preparation  throughout. 

Mr.  1  'any  has  endeavoured  to  answer  the  question,  "  what  form  and 
proportions  a  blast-furnace  should  have  to  produce  tho  best  results  in 
quality  of  iron  and  economy  of  fuel,  whether  worked  with  open  top  or 
covered  over  for  the  purpose  of  saving  tho  gases,"  by  a  general  formula, 
which  may  possibly  bo  correct  for  tho  particular  kinds  of  ore,  flux, 
and  fuel,  constituting  the  charges  at  the  furnaces,  of  which  he  has  ob- 
served the  operation,  and  upon  which  he  has  experimented ;  but  it  by 
no  means  follows,  for  reasons  already  assigned,  that  this  formula  should 
he  of  universal  application  to  charges  of  every  description  whatsoever. 
In  attempting  a  wholesale  generalization  of  this  kind,  the  largest  and 
most  varied  experience  is  required,  and  tho  greatest  caution  should  bo 
exercised.  Again,  with  regard  to  the  mode  of  collecting  the  waste  gas, 
Mr.  Parry  has  proposed  an  equally  extensive  generalization,  and  con- 
cludes that  in  every  case  the  gas  •*  must  be  taken  from  a  chamber  con- 
structed above  the  surface  of  the  minerals  ;  for  if  taken  from  any  prac- 
ticable point  of  the  furnace,  below  that  surface,  injury  to  a  greater  or 
lesser  extent  follows."4  Now,  unless  I  greatly  err,  experience  in  many 
localities,  both  in  this  country  and  abroad,  has  demonstrated  that  the 
waste  gas  may,  partially  at  least,  be  drawn  off  even  considerably  below 
the  surface  of  the  minerals,  with  advantage  and  without  producing 
any  evil  consequences.  Let  me  not  bo  misunderstood.  W  hile  Mr. 
Parry  may  be  correct  in  his  conclusion  as  to  a  particular  method  of 
taking  off  the  gas  for  a  particular  set  of  conditions,  with  respect  to  tho 
nature  of  the  ore,  fuel,  etc.,  he  is  not  justified  in  pronouncing  so  broadly 
against  all  other  methods  with  other  sets  of  conditions.  Nevertheless  the 
principle  which  he  enunciates  of  taking  off  tho  gas  above  the  surface  of 
tho  minerals  appears  sound,  and  will  be  probably  found  to  be  applicable 
to  furnaces  of  every  description  and  working  under  any  conditions. 
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The  formula  which  Mr.  Parry  proposes  for  the  best  form  of  the  in 
terior  of  a  blast-furnace  is  as  follows  s-The  diameter  of  the  mouth 
tenor  Blloald  ^  half  that  of  the  widest  pert  and 

this  should  be  not  at  a  less  depth  than  it* 
own  diameter ;  the  sides  of  the  furnace  from 
the  mouth  to  this  depth  should  be  formed 
slightly  dome-shaped,  in  order  to  give  to  that 
region  a  larger  capacity  than  would  be  ob- 
tained by  a  conical  form.    The  radius  of  the 
curve  should  be  formed  by  a  prolongation  of 
the  line  representing  the  greatest  diameter; 
for  when  it  is  set  at  a  great  angle  with  this 
line,  as  is  often  done  to  increase  the  capacity 
of  the  dome,  the  distortion  produced  by  the 
sharpness  of  the  curve  may  leave  a  segment 
of  minerals  unacted  upon  by  the  gases  in 
their  passage  to  the  mouth,  and  entail  greater 
evils  than  would  be  compensated  for  by  the 
increased  capacity.    The  curve  is  continued 
below  the  widest  part  of  the  furnace  till  it 
meet*  the  top  of  the  boshes,  the  angle  of 
which  should  not  bo  less  than  70°,  and  start 
from  the  point  of  the  twyers.    The  depth 
■fi«.h3.  iw  modd  furnace.  Pi*  also,  from  the  widest  part  to  the  twyers, 

Sff^cStlt  «.0BU"       not  1x3  le88  than  ite  own  diameter' 

half  the  diameter  at  the  twyers. 
Hearth.— In  all  old  blast- fu maces  the  hearth  was  generally,  if  not 
always,  square  or  rectangular  in  horizontal  section  ;  and  even  in  not  a 
few  modern  furnaces  this  form  is  retained.  Some  ironmasters  in  South 
Staffordshire  have  informed  me  that  furnaces  with  hearths  of  this  con- 
struction do  not  attain  their  maximum  effective  power  until  the  hearth, 
in  the  course  of  working,  "  has  cut  itself  round  ;"  and  if  this  be  so,  it  is 
not  a  little  surprising  that  tho  indication  of  improvement  thus  pre- 
sented should  still  bo  occasionally  disregarded  in  that  county.  In  all 
modern  blast-furnaces  of  generally  approved  construction,  the  hearth 
is  circular  in  section ;  but  I  am  not  in  possession  of  exact  comparative 
experimental  data  which  certainly  demonstrate  the  superiority  of 
the  circular  over  tho  rectangular  hearth,  when  both  have  the  same 
capacit3'. 

With  rogard  to  the  relative  dimensions  of  the  hearth,  it  appears  to 
bo  established  beyond  question  that  until  recently  the  hearth  has 
always  been  too  small,  and  that  diminished  yield  has  been  the  conse- 
uenco.    Large  hearths  accordingly  are  now  the  rule,  at  least  in  this 

1*1  1-    At.  _  111  ,•«.         ..ii  ,.  «  1  ii         .1  i,,  in 


witi  — " «  '1PP  . 

is  anotl        le8Pect  to  ore,  fuel,  pressure  and  temperature  of  blast,  etc 
ler  ^estion,  which  experience  alone  can  solve.    Under  these 
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circumstances  of  uncertainty  I  am  unable  to  present  any  general 
formula  on  the  subject. 

Mouth.— From  what  has  been  advanced  concerning  taking  off  the 
waste  gas,  and  mode  of  discharging  the  ore  into  the  furnace,  it  is  evi- 
dent that  the  diameter  of  the  mouth  is  a  point  of  great  importance. 
Irrespective,  however,  of  these  considerations,  there  should  obviously 
be  a  certain  relation  between  that  diameter  and  the  volume  of  the 
blast.  The  mouth  may  bo  so  narrow  as  materially  to  affect  the  ascend- 
ing gaseous  current  from  the  twyers,  and  in  that  case  would  seriously 
disturb  the  working  of  the  furnace ;  but  can  it  be  too  wide  with  re- 
ference to  its  action  on  this  current  ?  Probably  not ;  and  its  limitation 
in  width  must  be  determined  by  other  circumstances,  e.  <j.  convenience 
in  filling,  proper  distribution  of  the  materials  of  the  charge  in  the 
furnace,  the  prevention  of  loss  of  heat  by  radiation,  etc.  On  all  those 
points  experience  must  decide.  A  mouth  which  may  be  large  enough 
for  one  set  of  conditions  may  be  too  small  for  another.  So  far  as  1 
know,  the  only  direction  which  can  bo  given  is  that  the  diameter 
of  the  mouth  must  bear  a  definite  relation  to  the  volume  of  the  blast, 
the  minimum  being  attained  when  the  least  further  decrease  would 
sensibly  influence  the  escape  of  the  waste  gas. 

Elliptical  Fukxack. 

It  has  always  been  taken  for  granted  that  the  interior  of  the  modern 
blast-furnace  for  the  smelting  of  iron  should  bo  everywhere  circular  in 
horizontal  section,  except  at  the  hearth  ;  but  a  few  years  ago  Mr.  Alger, 
of  the  United  States,  proposed  and  constructed  furnaces  elliptical  in 
horizontal  section,  with  a  tymp,  etc.,  at  each  small  end  of  the  ellipse. 
This  modification  in  form  has  been  patented  in  England ;  and  a  Com- 
pany, with  a  highly  respectable  Directory,  was  established  in  London, 
with  the  tide  of  44  Alger's  Patent  Furnace  Company,  Limited."  The 
capital  was  100,000/.,  with  2000  shares  of  50/.  each.  The  patentee  was 
to  receive  800  shares,  and  20,000/.  in  cash.5  From  a  printed  circular 
of  that  Company,  dated  March  30,  1859,  I  give  the  following  extracts 
concerning  the  working  of  two  circular  furnaces  belonging  to  the 
Hudson  Iron  Company,  U.  S.,  which,  in  the  autumn  of  the  year  pre- 
ceding, had  been  altered,  as  far  as  practicable,  into  the  elliptical  form 
"We  made  our  first  castings  on  the  27th  November,  1858,  and  to  the 
31st  December  had  made  1524  tons,  about  900  tons  of  which  were 
extra  No.  1  of  a  superior  grade.  1427  tons  were  made  in  December, 
which  is  about  300  tons  more  than  our  furnaces  ever  made  in  one  month, 
on  the  start,  and  very  much  better  iron."  Mr.  Alger,  in  a  letter  dated 
February  24,  1859,  states,  "  We  are  now  making  over  30  tons  (say  33*) 
per  day,  with  one  of  our  furnaces,  showing  their  joint  capacity  for 
making  about  420  to  450  tons  per  week  (1900  tons  per  month),  with 
less  coal  than  before,  when  we  made  250  to  300  tons  per  week,  same 
stack  and  macliinery.    The  iron  is  improved  in  quality."    There  is 


*  From  the  Prospectus  wsued  by  the  I  fi  The  weight  of  the  km  iMiot  given.  It 
Comiwny.  |  was  probably  Ti  10  lbs . 
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nothing  very  wonderful  in  this,  with  respect  to  yield ;  nevertheless 
the  following  conclusion  appears  in  the  circular  above  mentioned  : — 
44  These  results  prove  beyond  question  the  very  great  advantages,  as 
regards  quality,  economy,  and  quantity,  to  bo  obtained  by  altering  old 
furnaces  into  the  elliptical  form,  which  may  be  done  at  comparatively 
trilling  expense ;  and  at  the  same  time  point  out  most  clearly  the 
enormous  gain  that  would  result  from  the  full  introduction  of  the 
patented  principle.*'  This,  it  need  hardly  bo  remarked,  is  the  usual 
style  of  language  employed  by  promoters  of  a  patent  company,  and  it 
will  no  doubt  be  estimated  at  its  proper  value.  With  regard  to  make, 
it  is  only  necessary  to  state  that  the  Dowlais  Iron  Company,  and  Messrs. 
Schneider,  II  an  nay,  and  Co.,  have  produced  more  than  (500  tons,  and 
the  Aberdare  Company  400  tons  per  week  from  circular  furnaces.  It 
may  be  somewhat  more  difficult  and  more  costly  to  effect  the  elliptical 
transformation  of  existing  circular  furnaces  than  the  Directors  of  the 
Alger  Company  suppose.  As  to  improvement  in  quality,  evidence 
more  decisive  than  mere  assertion  is  required  ;  and  so  also  with  regard 
to  the  alleged  economy  in  fuel,  which  is  stated  to  l>e  25^  for  the  same 
make  in  circular  furnaces.  The  cost  of  construction  of  an  elliptical 
furnace,  capable  of  producing  from  400  to  600  tons  of  pig-iron  per  week, 
is  declared  to  be  only  about  half  that  of  furnaces  of  the  old  form,  in 
proportion  to  yield  of  pig-iron.  It  is  far  from  my  intention  by  these 
remarks  to  pronounco  dogmatically  against  Alger's  principle,  which 
can  only  be  tested  by  carofully  conducted  experiments.  On  the  con- 
trary, I  think  it  is  worth  a  fair  trial,  although  I  fear  that  it  would  be 
difficult  to  construct  a  large  elliptical  furnace  as  durable  as  a  circular 
one.  Thero  is  necessarily  a  limit  to  the  diameter  of  a  circular  fur- 
nace,  owing  to  the  impossibility  of  injecting  an  efficient  blast  into 
the  central  mass;  but  in  an  elliptical  furnace  this  difficulty  does  not 
equally  oxist ;  and  the  same  mass  of  solid  materials  would:  be  included 
within  a  far  loss  superficial  area  of  interior  than  in  two  or  more  circular 
furnaces,  having  together  the  same  cubical  contents  as  the  elliptical 
one. 

In  July,  1800,  I  received  from  Mr.  M'Kenzio,  of  tho  Dundvvan  Iron- 
works,  a  lithograph  drawing  to  scale  of  a  large  elliptical  furnace  which 
he  claimed  as  his  own  design ;  but  I  will  not  venture  to  offer  even  an 
opinion  whether  he  or  Alger  is  entitled  to  tho  merit  of  originality 
with  respect  to  this  so-called  invention.  In  the  Russian  department 
of  tho  International  Exhibition  of  18<>2  were  models  of  long  rectangular 
furnaces  with  a  row  of  several  twyers  on  each  side.  Furnaces  of  this 
kind  wero  reported  to  have  been  erected  for  smelting  copper-ores  in 
Perm,  and  to  have  been  in  operation  during  about  \\  year  with  success; 
and  if  I  mistake  not,  it  was  proposed  to  smelt  iron  in  similar  furnaces, 
but  I  do  not  know  whether  this  has  actually  been  done.  They  are 
known  as  the  Kachette  furnaces. 

I  may  here  state  that  Mr.  Levick,  of  the  Blaina  and  Cwm  Celyn  Iron- 
works, began  several  years  ago  to  erect  a  circular  blast-furnace  of 
much  larger  size  than  any  previously  or  now  in  existence;  but  he 
ceased  to  proceed  with  thj  work  when  only  about  half  completed, 
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as  I  saw  it  in  1859,  and  no  further  progress  has  been  made.  The 
dimensions  are  66  ft.  10  in.  in  height,  14  ft.  wide  at  the  filling-hole  or 
mouth,  24  ft.  across  the  boshes,  and  9  ft.  wide  at  the  hearth.  There  are 
6  twyer  arches,  and  it  is  intended  to  be  blown  with  7  twyers,  1  in  each 
arch,  and  1  in  the  fore  part  or  front.  It  is  to  be  cased  from  top  to 
bottom  with  boiler-plate.  It  is  to  be  fitted  with  the  cup-and-cone 
arrangement,  and  the  waste  gas  is  to  be  utilized.  At  Messrs.  Bolckow 
and  Vaughan's  works  there  are  furnaces  75  ft.  high.  The  higher  the 
furnace,  the  better,  I  should  suppose,  so  long  as  the  materials  of  the 
charge,  especially  the  fuel,  are  not  crushed,  and  the  blast  is  not 
*ensibly  impeded;  for  the  upper  part  of  the  furnace  will  act  as  a 
Siemens'  Regenerator,  hereafter  to  be  described  under  the  head  of 
Puddling,  and  heat  will  necessarily  be  thereby  economized. 


MISCELLANEOUS  DETAILS  CONCERNING  THE  BLAST-FURNACE 

AND  ITS  WORKING. 

I  do  not  propose  to  present  such  a  minute  and  elaborate  description 
under  this  head  as  may  bo  found  in  some  foreign  treatises  on  the 
blast-furnace,  being  persuaded  that  for  purely  practical  men  they 
would  be  superfluous,  and  that  for  purely  scientific  men  they  would 
have  no  interest. 

Blowing-in  a  IJlast-Fubnace. 

As  an  example  of  the  mode  of  blowing-in  a  blast-furnace,  I  present 
a  description  of  the  process  adopted  at  the  Ebbw  Yale  Iron-works,  for 
which  I  am  indebted  to  Mr.  George  Parry.7  Half  a  ton,  or  a  ton,  of 
old  timber  is  put  in  the  bottom,  to  a  height  of  3  ft.  or  4  ft.,  and  then 
18  barrows  of  coke,  of  7  cwts.  each.  Over  this  are  introduced  regular 
charges  of  coke,  limestone,  and  a  very  light  burden  of  ore.  When  the 
furnace  is  thus  filled  to  about  of  its  height  the  wood  at  the  bottom  is 
ignited.  The  fire  slowly  ascends  through  the  mass,  and  when  the  sur- 
face has  become  incandescent  the  cliarging  is  resumed,  until  the  fur 
nace  is  f  full,  the  burden  of  ore  being  very  gradually  increased  up  to 
that  required  for  the  production  of  good  grey  iron  in  the  ordinary 
working.  The  furnace  is  now  left  to  itself  until  the  fire  roaches  the 
surface  of  the  minerals,  after  which  it  is  filled  to  tho  top  with  the 
regular  charges.  At  this  time,  the  18  barrows  of  coke  and  tho  timber 
having  been  pretty  nearly  consumed,  the  blast  is  turned  on  to  tho 
extent  only  of  about  £  of  the  volume  to  be  subsequently  used.  This 
continues  for  a  day  or  two,  after  which  tho  valves  through  which  tho 
blast  passes  are  gradually  open  to  the  full. 

W  hen  the  furnace  is  intended  to  work  with  a  close  top,  the  hopper 
[of  the  cup-and-cone  arrangement]  may  bo  adjusted  after  filling  tho 
furnace,  or  the  latter  may  be  filled  by  means  of  the  hopper. 

The  old  method  of  blowing-in  furnaces,  called  the  "scaffolding" 
system,  is  now  seldom  resorted  to.    In  this  system  a  grate  of  bars  is 

7  July  29th.  t*»;:5. 
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made  across  the  hearth,  on  a  level  with  the  top  of  the  dam-plate,  to 
support  the  fuel,  of  which  much  more  is  used  than  stated  above  in  the 
other  method.  Tho  fire  is  kept  burning  while  the  furnace  becomes 
gradually  filled,  and  when  tho  ore  begins  to  appear  on  the  grate  tho 
bars  are  withdrawn,  the  superincumbent  mass  falls  down,  and  the 
blast  is  then  put  on. 

Labour  required  in  the  Management  op  a  Blast-Furnace. 

In  South  Staffordshire  there  are  three  men  to  each  furnace;  one 
keeper,  one  hot-air  man,  and  one  filler.  Other  men,  such  as  coke- 
wheelers,  limestone-breakers,  etc.,  assist  at  the  operation  of  casting,  or, 
as  it  is  termed,  the  cast. 

Tapping. 

The  fore  part  below  the  tymp  is  opened  before  each  cast,  the  blast 
having  been  first  stopped.  Tho  tapping-hole  is  next  opened  by  driving 
in  a  crowbar  with  a  sledge.  The  metal  flows  along  the  channels  pre- 
pared to  receive  it,  and  after  it. has  run  slag  follows,  and  accumulates 
in  a  shallow  circular  hole  at  the  bottom  of  the  cinder-fall,  called  in 
South  Staffordshire  the  "  roughing-hole."  A  round  piece  of  iron, 
broader  at  the  bottom  than  the  top,  is  previously  set  upright  in  the 
middle  of  the  roughing-hole,  so  that  the  slag  may  accumulate  round  it, 
and  after  solidification  may,  by  its  means,  be  raised  by  a  crane,  put  on 
a  truck,  and  sent  to  a  distauco  to  the  cinder-mound,  to  be  there 
thrown  away. 

Formerly,  instead  of  the  cinder  being  allowed,  as  now,  to  run  into 
trucks,  it  was  allowed  to  flow  into  a  roughing-hole,  from  which  it  was 
removed  from  time  to  time  as  occasion  might  require. 

After  the  cast  tho  blast  is  put  on  full,  when  immediately  a  very 
large  amount  of  flame,  accompanied  with  innumerable  sparks,  issues 
from  below  the  tymp.  Tho  flame  is  yellowish-white,  and  not  blue  like 
that  of  carbonic  oxide.  There  is  also  much  white  smoke,  which  partly 
condenses  on  the  surface  of  the  fore  part  of  the  furnace,  forming  a 
whitish  coating.  The  opening  of  the  fore  part  is  stopped  by  ramming 
clay  well  in,  and  a  plate  of  iron  is  laid  so  as  to  keep  it  firmly  down. 

The  preceding  statements  with  respect  to  flame  are  founded  on  my 
own  observations  of  blast-fumaces  in  South  Staffordshire.  In  all  tho 
blast-furnaces  belonging  to  the  Ebbw  Vale  Company  and  at  blaina, 
which  I  have  particularly  observed,  a  considerable  amount  of  flame  is 
always  issuing  from  under  the  tymp.  This  is  caused  by  the  more 
forward  position  of  tho  dam  in  the  Welsh  as  compared  with  those  of 
Staffordshire ;  and  in  tho  former  flame  is  purposely  allowed  to  escape, 
as  the  slag  would  bo  apt  to  become  too  thick  at  this  part  of  the  furnace, 
if  it  were  not  kept  well  heated  by  this  flame.  The  colour  of  the  flame, 
to  my  eye,  was  very  yellow,  as  though  from  the  presence  of  soda. 

The  appearances  of  the  metal  as  it  runs  from  the  furnace  are  to  a 
certain  extent  indicative  of  its  quality.  Thus,  in  tho  case  of  white 
iron  there  is  much  scintillation,  while  there  is  none  in  the  case  of 
grey  iron,  the  surface  of  which,  in  South  Staffordshire,  1  have  heard 
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designated  as  M  creamy ;"  but  it  is  vain  to  attempt  to  convey  accurate 
notions  on  such  points  by  written  description,  however  elaborate. 

The  metal  may  vary  considerably  in  quality  at  different  levels 
in  the  hearth  ;  and  as  in  tapping  no  intermixture  is  effected,  this  differ- 
ence appears  in  the  pigs  after  solidification.  I  have  seen  three  varieties 
of  pig-iron,  very  distinct  from  each  other  in  respect  of  degree  of  grey- 
ness,  obtained  from  the  same  furnace  in  the  same  cast  This  suffi- 
ciently proves  that  the  uniformity  of  action  in  a  blast-furnace  is  not 
necessarily  ensured  under  conditions  which,  so  far  as  means  are 
afforded  of  observing  on  the  outside,  appear  to  be  absolutely  identical. 

Sand-Bed  for  Casting. 

The  sand-bed  extends  from  below  the  cinder-fall  to  a  considerable 
distance  in  front  of  the  furnace.  In  some  works  it  is  fully  exposed  to 
the  weather,  and  in  others  it  is 
protected  by  a  roof.  It  slopes  gra- 
dually from  the  furnace,  and  a 
series  of  parallel  furrows  is  made 
of  the  shape  of  the  pigs  intended 
to  be  cast,  with  their  long  axis 
directed  towards  tho  furnace,  suf- 
ficient walls  of  sand  being  left 
between  the  furrows  to  form  bar- 
riers strong  enough  to  resist  tho 
pressure  of  the  molten  metal.  Tho 
ends  of  the  furrows  in  each  row 
communicate  with  a  transverse 
channel  in  the  sand ;  and  all 
these  transverse  channels  arc 
connected  with  a  long  main  chan- 
nel running  from  tho  tapping- 
hole  to  the  bottom  of  tho  sand  bed  on  one  side.  At  first  it  is  only  the 
lowermost  row  of  furrows,  </,  that  is  connected  with  this  main  channel, 
the  communications  between  it  and  the  other  rows  being  subsequently 
made  in  succession  by  the  removal  of  sand  barriers  purposely  left. 
The  metal  flows  first  into  tho  lowest,  or  most  distant  row,  and  when 
the  furrows  in  this  are  filled,  communication  is  stopped  between  tho 
transverse  feeding  and  main  lateral  channels  by  putting  firmly  down 
an  iron  spade,  c,  and  throwing  sand  against  it.  Thus  the  furrows  in  all 
the  rows  are  filled  in  succession,  tho  metal  flowing  last  into  those 
nearest  tho  furnace.  The  accompanying  diagram  will  render  the 
description  readily  intelligible.  In  a  sand-bed  of  this  kind  at  the 
Coalbrook  Dale  Iron- works,  in  tho  Cwm  Celyn,  belonging  to  Mr. 
Levick,  there  were  6  rows,  and  28  furrows  or  moulds  for  tho  pigs 
in  each,  but  the  number  will  of  course  vary  according  to  circum- 
stances. The  transverse  feeding  channels  form  tho  sows.  The  names 
of  pig  and  sow  are  fancifully  suggested  by  a  sow  feeding  her  litter. 
After  the  cast  sand  is  strewn  lightly  over  the  surfaces  of  tho  pigs  by 
throwing  it  from  a  shovel,  in  order  to  diminish  the  effect  of  tho  radiant 


Fig.  H4. 
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heat  In  some  works — as  at  Dowlais,  Ebbw  Vale,  etc. — sand-beds  are 
not  used,  and  the  metal  is  run  into  pig-moulds  of  cast-iron.  In  South 
Staffordshire  tapping  usually  takes  place  at  intervals  of  1 2  hours.  At  the 
Ebbw  Yale  Iron-works  it  takes  place  at  intervals  only  of  4  hours,  so  that 
the  men  are  kept  more  regularly  at  work  than  in  South  Staffordshire. 

Derangements  in  the  Working  of  the  Blast-Furnace. 

The  blast-furnace,  to  persons  not  practically  acquainted  with  it8 
working,  may  appear  a  very  simple  kind  of  apparatus,  and  not  likely 
to  get  out  of  order.  But  it  is  far  otherwise  ;  and  to  be  managed  with 
success  requires  much  skill,  which  can  only  be  acquired  by  long 
experience.  It  is,  in  reality,  extremely  sensitive,  its  action  being 
affected  by  apparently  trifling  causes.  Of  this  some  examples  have 
been  adduced  in  considering  the  utilization  of  the  waste  gas.  It  is 
liable  to  serious  disorders,  which  demand  prompt  and  energetic  treat- 
ment, and  those  will  now  bo  described. 

Scaffolding  and  slips. — Scaffolding  has  already  been  several  times 
alluded  to  and  curtly  defined.  It  consists  essentially  of  a  lodgment 
of  a  mass  of  the  solid  materials  in  some  part  or  other  of  the  interior  of 
the  furnace.  The  form  of  the  interior,  as  might  be  anticipated,  has 
considerable  influence  in  inducing  the  evil  in  question ;  and,  accord- 
ingly, experience  has  demonstrated  that,  cceteris  paribus,  furnaces  of  one 
form  of  interior  arc  more  liablo  to  it  than  those  of  another.  Sharp 
angles,  as  in  the  old  furnaces,  with  very  wide  and  flat  boshes  and  con- 
tracted hearths,  must  obviously  be  favourable  to  scaffolding.  But  it 
may  occur  in  furnaces  of  the  most  approved  form  in  which  there  are 
no  such  angles,  the  curvature  of  the  interior  being  gradual  and  regular 
from  top  to  bottom,  and  it  may  then  depend  upon  several  causes, 
separately  or  conjointly.  The  ore  and  flux  may  not  be  properly 
adjusted,  so  as  to  produce  a  sufficiently  fusible  slag ;  the  ore  may  be 
what  is  termed  very  refractory,  and  be  employed  in  lumps  too  large 
to  admit  of  a  suitable  degree  of  contact  between  it  and  the  flux ;  or 
the  proportion  of  fuel  may  bo  such  as  not  to  develope  the  requisite 
amount  of  heat  for  the  formation  and  liquefaction  of  the  slag  with  due 
rapidity.  The  fuel  may  bo  bad,  as  in  the  case  of  coke,  which  is  too 
friable  to  resist  the  superincumbent  weight,  and  which  becoming  to  a 
largo  extent  reduced  to  powder  impedes  the  upward  gaseous  current 
from  tho  twyers.  The  effect  of  this  is  to  lower  the  temperature  where 
tho  passage  of  the  gas  is  thus  checked,  and,  as  a  consequence,  to  thicken 
the  slag  and  produce  an  agglomerated  mass.  Whatever  bo  tho  cause, 
scaffolding  may  occasion  great  mischief.  As  the  solid  materials  under 
the  agglomerated  mass  constituting  the  scaffold  descend,  the  latter  may 
suddenly  give  way  and  drop  down,  or,  as  it  is  technically  termed, 44  slip." 

But  agglomerated  masses  may  occur  without  producing  scaffolding, 
properly  so  called,  and  to  such  an  extent  indeed  as  to  44  gob  up  "  the 
furnace  and  stop  its  working.  A  striking  example  of  such  gobbing 
up  is  presented  by  the  blast-furnaces  in  South  Wales  fed  with  anthra- 
cite as  the  fuel.  The  Welsh  anthracite  decrepitates  when  heated,  and 
some  varieties  in  a  really  surprising  degree.    Thus,  I  have  received 
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specimens  from  Mr.  Waring  of  Neath,  which  on  tho  application  of 
sudden  heat  were  reduced  to  absolute  dust.  In  tho  Ystalyfera  blast- 
furnaces, worked  with  anthracite,  the  accumulation  of  small  particles 
of  anthracite  becomes  so  great  as  effectually  to  obstruct  the  passage  of 
the  blast,  and,  when  this  takes  place,  tho  only  remedy  is  to  cease 
from  charging  and  keep  up  tho  blast,  when,  as  tho  solid  materials 
descend,  the  fine  particles  of  anthracite  are  bloAvn  out  in  a  con- 
tinuous volcano-liko  6tream  of  sparks,  and  fall  down  round  tho  mouth 
of  the  furnace.  I  was  present  during  this  operation,  and  was  not  a 
little  surprised  at  the  large  amount  of  particles  which  thus  accumu- 
lated. But  Mr.  Budd  informs  mo  that  the  great  difficulty  which  he 
experienced  in  the  use  of  anthracite  arose  from  tho  running  together 
of  the  slag  and  decrepitated  particles  of  anthracite  into  infusible 
masses,  and  the  consequent  gobbing  up  of  tho  furnace.  This  difficulty 
has  hitherto  proved  insurmountable.  Ho  has  tried  increasing  the  pres- 
sure of  the  blast  to  5  or  6  lbs.  per  square  inch  and  tho  temperature  to 
800°  F.,  but  without  success. 

Valerius  has  given  the  following  graphic  description  of  the  symp- 
toms duo  to  the  gobbing  up  (engorgement)  of  one  of  the  blast-furnaces 
at  Seraing,  in  Belgium,  working  with  coke.8  44  Continual  slips  and 
suspension  of  charges  during  4  hours  or  more  ;  the  furnace  so  4  wild  ' 
that  flame  and  slag  escape  with  violence  from  the  fore  part  in  spite  of 
the  greatest  efforts  to  keep  them  in ;  twyers  embarrassed  by  hardened 
masses  in  the  hearth  ;  obstruction  in  tho  twyers  gives  way  after  several 
attempts  to  force  a  passage  for  tho  blast,  which  cannot  ascend  in  tho 
furnace.  Tapping  is  attempted  :  after  having  in  vain  during  several 
hours  struck  heavy  blows  with  a  sledge-hammer  [moitfon,  heavy  mass  of 
iron  like  tho  monkey  in  a  pile-driving  engine]  in  order  to  pierco  a 
tapping-hole  at  tho  usual  height,  an  opening  is  at  length  effected  a 
foot  higher,  followed  by  tho  escape  of  a  little  black  thick  slag ;  haste 
is  made  to  free,  as  far  as  practicable,  tho  hearth,  and  the  blast  is  put 
on.  Half  an  hour  afterwards  tho  slag  has  reached  the  twyers ;  efforts 
aro  made  to  cause  it  to  flow  out,  but  it  is  only  aftor  heavy  blows  that 
crowbars  can  be  driven  into  the  front  of  the  hearth  ;  these  are  pulled 
out  by  means  of  a  crane,  and  are  found  to  be  hardly  red-hot  at  their 
ends ;  scarcely  is  the  slag  set  free  than  it  is  again  forcibly  ejected  from 
the  opening  at  the  fore  part,  because  tho  blast  is  too  much  obstructed 
to  take  its  ordinary  course.  Thoso  efforts  are  continued  for  about  24 
hours  before  the  gobbing  up  is  mastered,  but  it  is  only  after  tho  lapse 
of  15  days  that  the  furnace  again  bears  its  usual  charges.  During  tho 
whole  period  of  the  gobbing  up  only  feeble  blue  flames  proceed  from 
the  mouth.  Cooling  at  the  mouth  is  even  observed  whenever  tho  fur- 
nace works  with  difficulty.  Thus  while,  in  the  event  of  an  extra- 
ordinary descent  of  the  charges,  there  is  difficulty  with  a  furnace  in 
good  working  order  in  distinguishing  the  materials  at  the  depth  of 
6  or  7  ft.  below  the  mouth,  they  may  be  easily  seen  at  the  depth  of 
1 5  ft.  when  sensible  cooling  occurs/' 

Valerius  records  with  much  minuteness  several  accidents  of  this 
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kind  which  have  occurred  at  the  Seraing  furnaces,  and  in  sonic 
instances  suddenly.  He  describes  one  case  in  which  a  portion  of  the 
lining  above  the  boshes  gave  way  and  appeared  in  the  hearth  ;  but  the 
injury  proved  only  temporary,  and  the  furnace  was  kept  in  blast  with 
advantage. 

In  accidents  like  the  preceding  it  must  be  left  to  the  furnace 
manager  to  ascertain  the  cause  and  determine  upon  the  necessary 
remedy.  Generally,  the  burden  of  ore  should  be  diminished  until 
the  obstruction  is  removed,  and  then,  if  the  fault  be  found  to  pro- 
ceed from  tho  nature  of  the  charges  of  ore,  the  mixture  of  ores,  if 
mixtures  be  employed,  must  bo  varied  accordingly  ;  and  a  knowledge 
of  the  composition  and  reducibility  of  the  component  ores  respectively 
will  be  essential.  On  such  points  practice  will  be  the  only  certain 
guide,  although  theory  may  prove  of  the  highest  value  in  leading  to  a 
correct  judgment  with  the  least  expenditure  of  time  and  money. 

Indications  op  the  Working  Condition  op  the  Furnace,  derived  prom 

the  characters  op  the  slag. 

To  a  practised  eye  the  characters  of  the  slag  will  furnish  unequi- 
vocal signs  of  the  working  condition  of  tho  funiace.  But  in  this  case 
again  no  amount  of  verbal  description,  however  minute,  will  suffice 
to  convoy  accurate  and  available  information  in  the  management  of 
a  blast-furnace.  Judgment  respecting  the  slag  is  founded  on  the  man- 
ner in  which  it  flows  from  tho  furnace,  and  on  tho  appearances  which 
it  presents  after  solidification. 

It  should  be  neither  too  thin  nor  too  thick,  and  should  run  in  an 
uninterrupted  and  somowhat  viscous  little  stream. 

With  respect  to  the  characters  of  the  slag  after  solidification  there 
is  much  to  bo  said.  In  the  First  Part  of  the  Metallurgy  I  have 
considered  slags  generally  with  great  detail,  especially  as  to  fusibility 
in  connection  with  composition ;  and  in  this  place  1  propose  only  to 
examine  certain  points  relating  to  slags,  which  specially  apply  to  the 
smelting  of  iron.  The  composition  of  tho  slag  must  obviously  vary 
with  tho  naturo  of  the  foreign  matter  in  the  ore,  and  in  a  minor 
degree  also  with  that  of  the  ashes  of  the  fuel.  But,  as  there  are 
essentially  only  two  kinds  of  fuel,  namely  coal  or  its  derivative  coke, 
and  wood  or  its  derivative  charcoal,  and  as  the  composition  of  the 
ashes  of  each  is  pretty  constant,  only  two  kinds  of  flux  could  possibly 
be  required  to  fuse  the  ashes  of  these  fuels  respectively.  The  ashes 
of  coal,  with  the  exception  of  oxide  of  iron  which  is  supposed  to  be 
reduced,  for  the  most  part  consist  generally  of  silicate  of  alumina ;  and 
that  is  readily  fluxed  by  limestone.  The  ashes  of  wood,  on  the  other 
hand,  generally  require  silica  as  a  flux.  But  the  amount  of  ashes  in 
wood  is,  with  few  exceptions,  so  t^mall  in  comparison  with  that  of  the 
ashes  in  coal,  especially  when  the  relative  quantities  of  the  two  fuels 
needed  to  produce  a  given  weight  of  pig-iron  are  taken  into  account, 
that,  so  far  as  concerns  tho  flux,  it  may  be  practically  disregarded. 

A  very  largo  number  of  analyses  of  the  slags  produced  in  smelting 
of  iron  in  blast-furnaces  has  been  published ;  but  not  a  few  of  them 
are  worthless  for  all  practical  purposes  from  their  not  being  acconi- 
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panied  with  sufficient  descriptive  notices,  either  with  respect  to  their 
physical  characters,  or  the  working  conditions  of  the  furnace  from 
which  they  have  proceeded.  Moreover,  in  a  large  proportion  of  the 
published  analyses  the  composition  is  substantially  the  same.  Hence, 
1  shall  not  insert  copious  tables  of  these  analyses,  the  effect  of  which  is 
rather  to  bewilder  than  impress  the  mind  of  the  reader,  but  shall  present 
such  a  selection  as  I  conceive  will  most  tend  to  elucidate  the  Kubject.• 

[  ANALYSES  OF  BLAST-FURNACE  SLAGS. 
Slags  composed  according  to  the  Forbiula  R*0,,SiO*-f>2(3RO,SiO*). 

I  have  very  often  found  these  slags  at  the  furnaces  of  South  Staf- 
fordshire, both  cold-  and  hot-blast ;  and  they  are  frequently  produced 
in  other  localities.1  Occasionally  they  occur  beautifully  crystallized 
in  small  square  prisms, — transparent,  translucent,  or  opaque, — of  about 
2-91  in  specific  gravity, — about  equal  to  felspar  in  hardness,  i.  e.,  No.  C 
of  the  usual  scale  of  hardness  adopted  by  mineralogists, — yellowish- 
brown  in  colour, — and  easily  frangible.  Many  of  the  prisms  have 
their  angles  truncated  by  planes,  making  equal  angles  with  the  adja- 
cent faces  of  the  prism.  In  two  or  threo  instances  I  have  found 
crystals  of  this  slag  very  large  comparatively,  opaque,  and  having  the 
edges  both  lateral  and  terminal  replaced  by  planes.  The  slag  is 
completely  decomposed  by  hydrochloric  acid,  with  the  separation  of 
gelatinous  silica,  and  the  evolution  of  a  little  sulphuretted  hydrogen. 
iW »  APO*,  and  RO  =  (Ca,  Mgt  Fe,  Mn)  O.  Potash  is  also  present, 
in  the  proportion  of  about  1%  or  2°/Q.  In  the  process  of  analysis  on 
igniting  the  silica,  after  washing  and  desiccation,  J  have  generally 
noticed  a  slight  odour  of  sulphur.  The  sulphido  present,  which 
occasions  the  evolution  of  sulphuretted  hydrogen  on  the  addition  of  an 
acid,  is  believed  to  exii>t  in  the  state  of  sulphido  of  calcium.  The  slag 
in  regarded  as  very  good  and  suitable  in  all  respects.  The  following 
series  of  analyses  will  sufficiently  exemplify  the  composition. 

I.       n.       III.       IV.      V.  VI. 

Silica    39-52  38*05  38*76  37-63  87*91  42-06 

Alumina   1511  1111  1448  1278  1301  13-05 

Lime   32-52  35  70  35- 08  33*40  31*43  32*53 

Magnesia   349  7*01  0-84  G'04  7  24  100 

Protoxide  of  manganese   2 '80  0  40  0  23  2 •64  2  79  2  20 

Protorideof  iron   2  02  1*27  1  18  3  91  0  93  4*04 

Potash   1  00  1*85  I'll  1*92  2  00  2*00 

Snlphide  of  calcium   2*15  0*82  0*98  0*08  3-65  1*03 

Phosphoric  acid    ..  ..                   ..  0*19 


08*76    99-81    99-26    99*66    9956  99*81 


•  Only  last  year  a  M.  Ob  Mono  com- 
municated a  jxiper  on  blast-furnace  slags 
to  the  French  Academy,  and  prefaced  it 
with  the  remarkable  statement  that  these 
■uags  have  been  but  little  studied  !  This 
author  would  have  acted  wisely  if  he  had 
studied  the  literature  of  this  subject  before 
vt-Titariug  to  make  such  an  unfounded 


statement  to  the  Academy.  Vid.  Comptes 
Kendus.    1862.    54.  p.  214. 

1  Vid.  Report  on  the  Crystalline  Slags. 
By  Professor  W.  II.  Miller,  of  Cambridge, 
and  the  Author,  to  the  British  Association 
1846.     Brit.  Assoc.  Hep.,  published 


in 


1847,  p.  351  et  *eq. 
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Nos.  II.,  III.,  IV.,  VI.  were  analysed  by  myself,  and  Nos.  I.,  V.  by 
Mr.  David  Forbes  in  my  laboratory. 

No.  I.  was  from  one  of  Mr.  Philip  Williams's  cold-blast  furnaces 
working  with  coke,  at  Wednesbury  Oak,  near  Tipton,  South  Stafford- 
shire. Nos.  II.,  III.  wero  from  hot-blast  furnaces  working  with  coke, 
near  Dudley.  Nos.  IV.,  V.  were  from  Messrs.  Blackwells'  hot-blast 
furnaces  working  with  coke,  Russell's  Hall,  near  Dudley.  When 
No.  IV.  was  produced,  the  furnace  was  considered  to  be  working 
unsatisfactorily  from  some  interruption  to  tho  course  of  the  blast. 
No.  VI.  was  brought  by  Mr.  S.  II.  Black  well  from  a  hot-blast  furnace, 
working  also,  I  believe,  with  coke,  named  La  Providence,  at  Marchienne, 
Charloroi,  Belgium.  All  the  analyses  wero  made  in  tho  years  1845-6. 
In  Nos.  I.,  V.,  VI.  the  sulphur  was  oxidized  by  fusing  the  slag  with 
a  mixture  of  nitrate  of  potash  and  mixed  carbonates  of  potash  and 
soda  prepared  by  tho  calcination  of  the  double  tartrate  of  those  bases 
or  Kochelle  Salts ;  and  in  Nos.  II.,  Ill ,  IV.  it  was  oxidized  by  very 
strong  nitric  acid.  In  all  the  analyses  by  the  first  method  a  much 
larger  proportion  of  sulphur  was  found,  and  I  am  disposed  to  think 
that  these  results  are  more  correct  than  those  obtainod  by  the  second 
method. 

These  sings  approximate  closely  in  composition  to  the  natural 
mineral,  llumboldtilite,  with  which  Mellilite  and  Somervillite  are 
now  regarded  as  identical  in  species,  the  ratios  between  the  oxygen  of 
tho  R*0*  and  RO  bases  and  the  silica  being  nearly  as  1  :  2  :  3,  i.  e.,  the 
oxygen  of  tho  silica  is  equal  to  that  of  tho  bases,  and  the  oxygen  of 
the  HO  bases  is  double  that  of  the  li*08  bases.- 

The  same  mass  of  slag  of  the  preceding  composition  will  frequently 
be  found  vitreous  in  one  part,  whero  cooling  has  taken  place  most 
rapidly,  as  at  the  exterior,  and  crystalline  in  another;  and  the  colours 
of  these  portions  may  differ  in  a  striking  degree.  While  tho  crystal- 
lized portion  is  yellowish-brown,  the  vitreous  or  amorphous  portion 
may  be  blue,  or  brownish-black. 

The  following  analyses  of  slags  from  tho  blast-furnaces  at  the  Dowlais 
Iron-works  were  made  by  Mr.  K.  Riley,  while  employed  there  as 
chemist.8  They  are  substantially  similar  in  composition  to  those 
which  have  just  been  considered.  Every  day  during  7  consecutive 
days  a  portion  of  slag  was  run  into  a  ladle  from  each  furnace,  and  an 
average  sample  of  200  grains  prepared  from  each  portion.  At  the  end 
of  the  week  three  several  samples  from  each  furnace,  respectively, 
were  carefully  mixed  by  trituration  ;  and  from  each  mixture  a  samplo 
was  prepared  for  analysis.  The  numbers  in  the  uppermost  horizontal 
column  refer  to  the  numbers  of  the  furnaces,  respectively.  The  fur- 
naces from  1  to  lb'  inclusive  wero  making  common  white  forge  pig; 
and  only  the  furnace  No.  18  was  making  grey  or  foundry  iron.  All  the 
furnaces  were  on  hot-blast.    By  i4  mean  "  is  understood  the  average 


2  Handb.  der  Mineralchtmit.'.  Rum-  gine<  n»,"'  .Inn.  1802.  They  were,  however, 
melsbcrg,  1800,  p.  731.  communicated  to  me,  with  the  consent  of 

3  These  analyses*  hnve  been  published    the  Trustee*  of  the  Dowlais  Works,  Nov. 
in  the  Proets-duigs  of  the  "  Society  of  En-    12th,  18.V.». 
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result  of  the  13  furnaces ;  and  4 •  average  of  13  furnaces"  is  the  mailt 
of  the  analysis  of  a  mixture  of  equal  weights  of  slag  token  from  every 
furnace  on  one  day. 


Silica  ........................ 

Ahnuiiisi  

Protoxide  of  iron   

Protoxide  of  rnan<p*nf>e .. 

I  iri»e    •••••••• 

^Ii* i^rtcsift  ••■•«••••••••..••• 

Pot**h 

ih'jr   


3. 


39  03 
1714 
2  07 
115 
31-95 
4-31 
1-98 
1-64, 
I  -81 
0-22 


48-98 
14-96 
3-62 
l-.r>l» 
30  04 
3-95 

2*06 

0  85 
068 
0-41 


5, 


41-3(1  44 
16-21  15 

2  65  6 

110 

30-55 
4-42 
2-26 
1-20 
0-96 
0  13 


9. 


10 


1 

23 
1 
1 

0 
(I 

o 


•88  42 

•51  14 

•91  2 

07  1 

•HI  31 


38 
98 
59 
47| 
43' 


08 
19 

35 

;.'.» 

55 
i;7 
73 
37 
10 


11. 


43-68  42-45 
16  25  14-30 
1*33 

1-  15 
28-57j 

4  42 

2-  211 
l'29j 


12. 


11  its 

13-65 
2*04,  129 
1-22  102 
30-89,  34-32 
5  32  4-65 


104 
010 


2  04 
1  04 
os:j 
o-io 


1-75 
1-22 
0-98 


Metallic  iron  % 


100-86  100-59  100  7s  100  03  100-63  100  Ol  100-23  99-96 
l-6l|    281    2  06    5-37,    1  81     1  03    158  103 


13.  14 


15. 


16. 


Silic*   

Alumina  

Protoxide  of  iron 
Protoxide  of 

hi  roe   

MiOH-ia   

P"tash  

Calcium   

Sulphur   

Ph.*phoric  a.-id 


% 


45  23 
11-55 
3  08 
1  •  02 
32  09 
3-78 
1-53 
104' 
o-si 


42 
13 

3 
I 

:;i 
4 
1 
(> 

0 

o 


57  4o-02  10 
12  14-711  14 
48  2-5 
18    0-91  1 
35  32  27  32 
41     5  47,  4 
1-72 
1  31 
105 
0-25 


79 
89, 
71 
17 


2*19 
04 
60 
63 
1  -71 
1-29 
103 


loo- 15  99-70  100  23  loo  oo  loo;>l 


2-39    2-70     1-96     I  70 


Average 

18. 

Mean. 

or  13 

Furnace*. 

38-48 

4185 

43  07 

15  13 

14-73 

14-85 

0-76 

2*63 

2-  53 

1  ■  1 12 

1  -24 

1-37 

32  82 

30-99 

28-92 

711 

1-76 

5-h7 

1  -92 

1-9  > 

1  M 

1  23 

115 

1  "1 

0-99 

0-92 

0  89 

0-15 

0  15 

trao-H 

100-54 

100-32 

loo-35 

0-57 

201 

1-97 

The  following  analyses  of  slags  from  the  Dowlais  Wast-fu maces  are 
also  by  Mr.  E.  Kiley. 


Protoxide  of  iron. 


Potash  

Soda  

Sulphide  of  calcium 
Phosphoric  acid   


I. 

II. 

III. 

IV. 

43-59 

46-34 

40-92 

45*00 

1478 

15  47 

14-85 

15-70 

106 

3  92 

1  57 

8  03 

1*41 

1  33 

0  97 

1-40 

31-40 

24-65 

32-29 

21-05 

4-66 

5-55 

4-85 

4  85 

1-57 

2-3.3 

1  83 

2  03 

0-34 

•  • 

1-93 

. . 

079 
traces 

1*61 

•  • 

0:65 
•  • 

100-74 

100-38 

98-89 

99  91 

I.  Grey  cinder,  Juno  27th,  1854.  The  charge  of  ore  consisted  of 
1  part  by  weight  of  red-ore  (red  htematite),  1  of  Northamptonshire  ore, 
and  2  of  Welsh  mine  (argillaceous  ore  of  the  coal-measures). — II. 
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Stony  grey  cinder,  Aug.  16th,  1854. — III.  Black-brown  cinder,  from 
No.  13  furnace,  Aug.  17th,  1854.  A  small  quantity  of  lime  waa  lost 
in  this  analysis. — IV.  Green  cinder,  from  No.  G  furnace,  Aug.  3rd, 
1854.  The  charge  of  ore  consisted  of  3  parte  by  weight  of  Welsh 
mine  and  1  of  red  ore. 

Slags  approximating  to  the  Formula  K*Oa,  SiO'+3(2CaO,  SiO»). 

Tho  following  analysis  of  a  slag,  which  I  found  at  the  Russell's 
Hall  blast-furnaces,  near  Dudley,  has  been  made  by  Mr.  Dick  in 
my  laboratory.  It  is  extremely  tough  and  difficultly  frangible,  con- 
trasting remarkably  in  that  respect  with  slags  of  the  formula 
RtO$,SiOs+2(3KO,SiO').  It  consists  of  an  agglomeration  of  small 
radiating  crystalline  masses,  and  is  light  yellowish  brown  grey  in 
colour.    It  is  only  partially  decomposable  by  hydrochloric  acid. 

Oxygen. 

Silica    47  08  24  92 

Alumina    12  91  6  01 

Lime   29  92 1 

Magnesia   4  "79  J 

Protoxide  of  iron   1  •  00  [  1124 

Protoxide  of  manganese. . .  2  * 201 

Potash    0  87  J 

Sulphide  of  calcium    1*78 

Phosphoric  acid    0*05 


100-00 


I  have  several  times  found  slags  at  tho  South  Staffordshire  blast- 
furnaces precisely  similar  in  external  characters,  and,  I  have  little 
doubt,  of  nearly  identical  composition;  but  I  cannot  speak  with  cer- 
tainty on  this  point,  as  only  ono  specimen  of  such  slags  has  been 
analysed.  They  are,  however,  comparatively  rare.  Their  quality  is 
considered  good. 

Tho  next  analysis,  Professor  G.  Ullgren  s,  is  of  a  slag  from  a  blast- 
furnace at  Edsken,  in  Sweden,  where  excellent  pig-iron  suitable  fur 
the  manufacture  of  steel  by  the  Bessemer  process  was  produced. 
Charcoal  was  the  fuel.  The  relation  between  the  oxygen  of  tho  silica 
and  that  of  the  bases,  inclusive  of  alumina,  is  nearly  the  same  as  in  the 
last  slag;  but  the  relation  between  the  oxygen  of  tho  alumina  and 
other  bases  is  very  different. 

O.xypccii. 
24  077 
2013 


14-715 


40-371 

4-301 

38-G40,| 

7*400 

0-9*0 1 

Protoxide  of  manganese 

1-860/ 

0-300 

0-138J 

traces 

0-030 

traces 

100-000 
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Lindauer,  in  a  compendious  and  well  tabulated  series  of  slags,  pro- 
duced in  smelting  iron  in  various  localities,  has  given  an  example  of 
a  slag  of  this  formula  from  Siegen.4  It  is  described  as  vitreous,  flatly 
concboidal  (flachmuschlig)  in  fracture,  and  leek-green  in  colour;  and 
it  accompanied  the  production  of  grey  iron.    Its  composition  was  as 


follows : — 

Silica    43-40 

Aluminu   12  20 

Lime    18*13 

Magnesia    4  •  50 

Protoxide  of  iron    10  99 

Protoxide  of  manganese    5-80 

Sulphide  of  calcium    3  97 


98  99 

According  to  one  of  the  methods  of  notation  described  in  the  First 
Part  of  the  Metallurgy,  he  represents  its  composition  by  the  formula 
AS-f-R'S3,  which  is  the  same  as  that  given  above. 

A  slag  somewhat  similar  in  composition  to  that  abovo  described,  of 
which  Mr.  Dick  determined  the  composition,  has  been  analysed  by 
Mr.  David  Forbes  in  my  laboratory.  It  was  brought  by  Mr.  S.  H. 
Blackwell  from  the  hot-blast  furnace,  called  L'Esperance,  at  Seraing, 
in  Belgium.  It  was  brown,  porous,  and  confusedly  crystalline.  It 
was  only  partially  decomposable  by  hydrochloric  acid. 

Oxygen. 


28-97 

G-49 

  22  22 

fJ-24, 

081 

Protoxide  of  manganese . 

0-50} 

8-39 

0-48 

0-30J 

100-41 

It  approximates  to  the  formula  APOa,  SiO,-f-4CaO,  3SiO". 

Slags  approximating  to  Aluminifkrous  Adgite  in  composition. 

Many  years  ago  I  received  two  beautifully  crystallized  specimens 
of  these  slags  from  M.  Krantz,  the  well-known  mineral  collector. 
They  were  from  the  Olsberg  furnaces  on  the  Rhine,  which,  1 
presume,  were  worked  with  charcoal.  One  (A)  contains  a  drusy 
cavity  with  projecting  crystals,  which,  according  to  Professor  W.  II. 
Miller,  appear  to  belong  to  the  oblique  prismatic  system  ;  but  their 
surfaces  are  not  sufficiently  bright  for  measurement  with  the  reflective 
goniometer.  They  have  a  single  face,  which  is  not  at  right  angles  to 
tho  axis  of  the  prism.  They  have  the  hardness  of  apatite,  i.  e.y  it  is 
equal  to  5.  The  slag  is  excessively  tough  and  difficult,  to  break.  The 
other  specimen  (H)  is  a  mass,  exhibiting  a  radiated  crystalline  struc- 


*  Compendium  der  Huttcn-Chemic  mit  besonderer  Anwendung  auf  die  Metallurgie 
ties  Kisens.    Prog.  1861.  p.  278. 
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ture,  the  individual  crystals  of  which  are  too  small  for  measurement. 
It  is  intermediate  in  hardness  between  felspar  and  apatite,  and  is  equal 
to  5*7.  To  one  side,  which  is  flat,  of  each  specimen  are  attached 
minute  scales  of  graphite.  These  slags  are  only  partially  decomposable 
by  hydrochloric  acid.  One,  A,  has  been  analysed  by  myself,  and  the 
other,  B,  by  Mr.  David  Forbes  in  my  laboratory.  Their  composition 
was  as  follows : — 


A 

B. 

t 

a. 

b. 

Mean. 

53  48 

53-37 

53-76 

519 

5  12 

4  76 

  30  05 

30-78 

30-71 

29-48 

  9-47 

9-54 

9-50 

9-82 

Protoxide  of  niangancau  .. 

1-41 

1-30 

0*89 

0-95 

1-48 

100-88 

10106 

100-60 

A.  It  contained  potash,  but  no  trace  of  soda.  A  minute  quantity  of 
sulphide  was  present ;  but  the  gas  evolved  by  the  action  of  hydro- 
chloric acid  had  distinctly  the  peculiar  odour  of  hydrogen  evolved  by 
tho  same  acid  from  iron,  as  well  as  that  of  sulphuretted  hydrogen. 
Tho  free  hydrogen  must  have  been  duo  to  particles  of  iron,  derived 
probably  from  the  steel  mortar  used  for  trituration.  No  phosphoric 
acid  could  bo  detected  in  it.  There  is  a  considerable  excess  in  the 
aualysis,  which  would  have  been  still  greater  if  the  potash  had  been 
quantitatively  estimated  ;  but  I  do  not  know  what  caused  this  error. 

Oxygen  of  the  constituent!*. 


Silica   27-72  ..  27  93 

Alumina    2*81  2*22 

Lime   8*62)  8*28 

Magnesia                                  3-67!  19<ft|  3*80 

Protoxide  of  manganese   0'31j  0*29 

Pmtoxide  of  iron   0-211  0-34 


12-71 


The  oxygen  of  the  silica  is  nearly  double  that  of  tho  bases,  and  the 
oxygen  of  the  KG  t)ases  is  between  4  and  5  times  greater  than  that  of 
tho  \i*Q*  base.  Tho  composition  approximates  to  the  formula 
AW,  SiO8+4(30aO,  2SiOs). 


Slag  approximating  to  the  Formula  of  Gehlknttk  in  composition. 

I  have  as  yet  only  met  with  a  single  small  specimen  of  this  inter- 
esting product.  It  came  from  ono  of  the  hot-blast  furnaces  at  Oldbury, 
near  Birmingham.  It  was  mixed  with  coke,  globules  of  iron,  and 
other  matters,  and  particles  of  sulphur  were  deposited  here  and  there 
upon  the  crystalline  plates.  It  consists  of  thin,  square,  crystalline 
plates,  of  which  the  lateral  faces  are  perpendicular  to  each  other,  and 
to  tho  terminal  faces,  and  which  appear  to  belong  to  the  pyramidal 
system.  The  plates  are  white,  and,  when  very  thin,  transparent. 
The  hardness  is  equal  to  «5*7.     It  is  completely  decomposable  by 
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hydrochloric  acid.  It  was  analysed  by  myself,  and  the  results  are 
under : — 

Oxyippn. 

Silica                              28-28    28*88       ..       88*99  .7"  14-71 

Alumina                             24  24    24-27                24  24  ..  1133 

Ijiue                                40*89               39 40  12  11 -27 

Nagwaa                            2-94        ..         202     2-79  1-08 

Protoxide  of  nianpim-se                       ..         ..        0  07  0  01  12*58 

Protoxide  of  iron                                  ..          ..         0-27  0*06 

Potash,  with  traee  of  arxla                     . .          . .         0 '  04  0*11 

Sulphate  of  lime   ..  ..  ..  0*20 

Sulphide  of  calcium   3  ■  38 

100-09 


Its  foi-mula  approximates  to  3AlfOJ,  SiOs-r-3(3CaO,SiOs).  Tliis  for- 
mula was  subsequently  adopted  by  Kammelsberg  for  the  natural 
mineral ;  and  be  arrived  at  it  by  a  fre^h  analysis,  quite  independently 
of  the  observations  of  Professor  YY.  II.  Miller  and  my  self  on  the 
artificial  mineral.  Natural  Gehlenite  is  found  in  the  Fassa  valley, 
Tyrol,  in  opaque,  grey,  square  prisms.  It  occurs  imbedded  in  carbonate 
of  lime  in  cracks  in  syenite. 

Miscellaneous  Analyses  of  Slags  fboji  Furnaces  fed  with  Charcoal 
as  Fuel,  showino  differences  of  composition.4 


I.  II. 

ra 

IV.  V. 

VI. 

VII. 

VIII. 

IX. 

X. 

1  1 

1 

Silica   70-2370-1201-O0f>4-2053-7949-5748-3945-4O4O-0O;t5  HO 


Alumina   6  37  625  5-3S  6  70  13  04  9  00 

Lime    20*41  19-71  19-S12450  25-07 


0-00  IS  20  9  SO  4  20 
..   27-40  11-90  2  14 


Magneiiia    i     ..     0-70  7  12  028  0  57  15- 15  10  22  2-40  2  40  4-00 


Pn.ti.xide  of  in >n    0-15   145  3  29 

Pn.Vaide  of  manganese    2  70   1*40  2  68 


9-20 
4  SO 


2  44  0-04  0  00  4 -50 25  00 21  10 
2-20  25- 84  33-90     ..     8  90  29-C4 


99 '  80  99  •  03  99  •  2999  ■  80  97  •  7 1  99  •  04)  99  •  29  97  •  91  >  99  •  2< » 97  •  I X) 

 !  !  I  !  I  I  

I.  By  Klasek.  From  Kothau  ;  from  sphnerosideriteH  (argillaceous  ores) ; 
bluiah  white  and  enamel-like;  grey  iron.— II.  By  Karsten.  From 
Peitz,  Neumark;  from  bog  iron  ore;  bluish  white  and  glassy. — III. 
By  Berth ier.  From  Sjogren ;  from  magnetic  iron  ore;  bright  green, 
enamel-like,  and  somewhat  vesicular.— 1 V.  By  Klasek.  From  Bothau  ; 
from  sphaerosiderites  ;  whitish  grey  to  blackish,  and  pumice-like.— V. 
By  Kammelsberg.  From  Biibeland;  green  and  glassy;  mottled  iron. 
—VI.  By  Karsten.  From  Siegen;  from  spathic  and  brown  iron  ore; 
furnace  working  very  hot ;  grey  iron. — VII.  By  Karsten.  From  Siegen  ; 
furnace  working  well  (bei  Gaargang) ;  the  product  spiegeleisen.— 
VIII.  By  Berthier.  From  Vienvillo  ;  from  pisolitic  ore;  olive-green, 
compact,  vesicular,  glassy,  and  transpaient.—  IX.  By  Mrazek.  From 
Kisenerz,  Styria;  from  spathic  ore.— X.  By  Klasek.  From  Bothau; 
from  sphajrosiderite  and  red  iron  ore ;  dark  grej  ish  blue. 


1  I  have  selected  these  from  Limlauer's  table*. 
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LOSS  OF  I  HON  IN  THE  13 LAST- FURNACE  SLAG. 

This  is  a  point  of  much  importance.  In  furnaces  in  this  country  fed 
with  mineral  fuel  the  loss  may  be  estimated  at  about  2%  on  the  aveiage  ; 
and,  generally,  a  sensibly  larger  loss  indicates  that  the  furnace  is  not 
in  good  working  order.  Cut  at  some  iron-works  in  South  Wales  a  lot* 
far  exceeding  2%  is  not  only  tolerated,  but  justified  on  the  ground 
that,  under  the  circumstances,  a  moro  complete  reduction  of  the  iron 
would  be  less  profitable.  Mr.  Riley  has  expressed  his  opinion  that, 
after  having  "  carefully  gone  into  this  subject,"  the  loss  of  iron  in  the 
slag  lias  been  estimated  44  far  too  high;"*  and  this  ho  attributes  to 
errors  of  analysis.  I  have  no  doubt  that  Mr.  Riley  is  correct  in  his 
opinion  with  respect  to  the  Dowlais  Iron-works  and  most  other  British 
iron  works ;  but  it  is,  nevertheless,  certain  that  at  some  furnaces  the 
iron  allowed  habitually  to  escape  in  the  slag  greatly  exceeds  2%. 

Mr.  James,  blast-furnace  manager  at  the  Blaina  Iron -works,  iu- 
formed  mo  that  the  slag  from  the  furnaces  under  his  direction  con- 
tained on  the  average  about  5%  of  iron,  and  that  this  statement 
was  founded  on  the  analyses  of  numerous  samples  of  these  slags  by  my 
friend  Dr.  Noad,  a  highly  competent,  and  trustworthy  analyst.  At  the 
Ebbw  Valo  Iron-works  (in  1850)  it  was  admitted  to  me  that  the  loss 
of  iron  in  the  slag  was  considerable,  and  in  this  case  also  the  evidence 
was  derived  from  Dr.  Noad's  results.  Taking  5%  as  the  loss, 
this  would  correspond  to  about  15  tons  of  Welsh  mine,  i.e.  argillaceous 
iron-ore,  for  every  100  tons  of  slag.  White  iron  was,  of  course,  the 
quality  of  pig  mado.  The  reasons  assigned  to  me  in  justification  of 
the  waste  were,  that  the  greater  yield  of  the  furnace  and  the  less  con- 
sumption of  fuel  more  than  compensated  for  the  advantage  to  be 
derived  from  a  more  complete  reduction  of  the  iron.  The  pig-iron 
was  needed  for  puddling,  and  if  it  were  not  sufficiently  white  the 
operation  of  puddling  would  require  more  time  and  labour  and,  conse- 
quently, more  fuel  and  wages.  By  some  ironmasters  with  whom  I  have 
discussed  this  matter  of  loss,  it  is  regarded  as  a  mistake  to  permit  so 
much  iron  to  escape  unreduced,  and  they  consider  that  it  would  be 
preferable  to  pay  the  puddlers  a  shilling  a  ton  more  for  the  extra 
labour  in  puddling  iron  less  white  than  what  they  were  accustomed  to 
operate  on. 

From  accurate  yield-accounts  of  the  furnaces  it  would  not  seem 
difficult  fairly  to  balance  the  alleged  pecuniary  advantages  of  imperfect 
reduction  of  the  ore  against  those  of  the  opposite  course.  This,  no 
doubt,  has  been  done  and  action  taken  accordingly,  yet  more  than  one 
Welsh  iron-master  with  whom  I  conversed  on  the  subject  expressed 
some  misgivings  as  to  the  expediency  of  the  waste,  notwithstanding 
their  toleration  of  it. 

The  following  anatyses  of  blast-furnace  slags  by  Dr.  Noad  have  been 
communicated  to  mo  by  Mr.  Levick,  with  permission  to  publish,  and 
Ihoy  have  not  a  little  surprised  me. 


f'  Op.  ott.  p.  71. 
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L 

n. 

35*60 

15*80 

33- 10 

4-20 

  4  32 

9  02 

  2  94 

1-38 

100  00 

100  00 

No.  L  was  described  as  cream-coloured,  and  No.  II.  as  dark  green. 
The  y  were  easily  and  completely  decomposable  by  cold  dilute  hydro- 
chloric acid.  Both  are  reported  to  have  conio  from  blast-furnaces  in 
South  Staffordshire,  and  No.  II.  from  iron-works  where  a  superior 
quality  of  iron  was  made.  From  my  experience  of  the  working  of 
South  Staffordshire  blast-furnaces,  and  it  is  not  inconsiderable,  I 
should  consider  such  slags  as  altogether  exceptional,  and  as  indicative 
of  disordered  furnaces.  It  will  be  remembered  that  I  have  described 
a  slag  of  substantially  the  same  composition,  and  containing  about  the 
same  proportion  of  iron,  from  a  South  Staffordshire  furnace  ;  but  it  was 
dark  grey,  or  greyish  black  rather,  not  cream-coloured,  and  it  was  pro- 
duced when  the  furnace  wan  working  badly.  No.  II.  slag  surprises 
me  still  more  with  respect  to  the  proportion  of  iron. 

However  much  British  iron-masters  may  deplore  the  loss  of  iron  in 
their  blast-furnace  slags,  they  will,  probably,  derive  some  satisfaction 
from  an  inspection  of  several  of  the  previously  recorded  analyses  of  slags 
from  Continental  blast  furnaces,  in  which  the  loss  immensely  exceeds 
anything  of  the  kind  in  this  country.  On  the  other  hand,  they  will 
be  somewhat  puzzled  to  understand,  that  in  two  of  the  analyses  in  the 
table  p.  503,  Nos.  VI.  and  VII.,  the  loss  is  stated  at  about  V„%  I  I  make 
no  attempt  to  explain  this,  for,  although  the  results  are  given  on  no  less 
an  authority  than  Karsten,  yet  the  best  men  may  occasionally  err,  and 
it  is  at  least  possible  that  this  distinguished  metallurgist  may  have 
done  so  in  these  instances.  In  both  slags  an  enormous  amount  of 
manganese  was  present,  from  which  the  iron  in  the  process  of  analysis 
may  not  have  been  completely  separated. 

Indications  afforded  by  the  Colour  of  Blast-Fubnace  Slags. 

The  blue  colour  which  is  so  frequently  observed  in  blast-furnaces 
in  this  country  and  elsewhere  has  been  considered  in  the  First  Tart 
of  the  Metallurgy  (p.  27).  It  does  not  present  any  indication  of 
much  practical  value,  so  far  as  I  am  awaie. 

The  black  colour  of  the  slag  deserves  particular  consideration.  It 
is  certain  that  slags  which  do  not  contain  more  than  the  usual  amount 
of  iron  may  be  deep  black  and  obsidian-like  in  mass,  and  the  cause  of 
the  coloration  in  this  case  has  not  been  satisfactorily  explained. 
Sulphur,  in  the  state  of  sulphide,  there  is  reason  to  believe,  may 
induce  blackness  in  alkalino  and  earthy  silicates,7  but  in  what  manner 
is  unknown.    The  Dowlais  slags,  of  which  the  analyses  by  Mr.  Hiley 

;  Vid.  First  Part  of  the  Metallurgy,  p.  20. 
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have  been  previously  inserted,  were  for  the  most  part  black,  and  yet 
they  did  not  contain  more,  on  the  average,  than  about  2h%  of  prot- 
oxide of  iron.  Now  many  analyses  of  slags  have  also  been  presented 
of  substantially  the  same  composition  as  those  of  Dowlais,  and  contain- 
ing as  much  iron  and  as  much  sulphide  of  calcium,  and,  nevertheless, 
they  were  not  black.  I  am,  therefore,  unable  at  present  to  offer  con- 
clusive evidence  that  sulphur  in  the  state  of  sulphide  is  a  potent  cause 
of  black  coloration,  although  I  think  it  probable  that  such  is  the  case. 
The  fact  is  interesting,  at  least  in  a  scientific  point  of  view,  and  well 
deserves  investigation. 

The  slag  may  appear  black  in  mass  and  very  deep  green  by  trans- 
mitted light  in  thin  slices,  and  this  greenness  is  a  sure  sign  of  the  pre- 
sence of  much  protoxide  of  iron. 

Leek-green  coloration  of  the  slag  indicates  the  existence  of  much 
protoxide  of  manganese. 

At  the  Ebbw  Vale  Iron-works  I  met  with  several  lumps  of  blast- 
furnace slag,  opaque,  stone-like,  and  of  a  delicate  pink  colour,  resem- 
bling that  which  appears  in  devitrified  crown-glass,  and  which  is 
ascribed  to  manganese.  I  was  informed  that  this  slag  had  been  formed 
when  the  furnace  charge  contained  much  spathic  ore. 

Light  grey  slag  generally  accompanies  the  production  of  grey 
iron,  at  least  when  no  inordinate  amount  of  manganese  is  present  in 
the  fiirnaco-charges. 

Miscellaneous  Observations  on  various  roiNTs  concerning  Blast- 
furnace Slags. 

Spontaneous  disintegration. — My  friend  Mr.  Andreas  Grill  informed  me 
(1859)  that  he  observed  a  very  curious  slag  flowing  from  a  blast- 
furnace at  the  Park  Gate  Iron-works,  Yorkshire.  Very  shortly  after 
solidification  it  became  completely  disintegrated  and  reduced  to  fine 
powder.  My  colleague,  Mr.  Smyth,  has  recently  brought  me  (May, 
18G3)  a  specimen  of  slag  which  spontaneously  disintegrated  in  like 
manner  dining  solidification.  Tho  slag  was  previously  grey  and 
cellular.  The  colour  of  tho  powder  is  light  grey,  and  when  breathed 
upon  it  evolves  tho  odour  of  sulphuretted  hydrogen.  It  has  not  yet 
been  analysed.  It  was  obtained  from  the  newly  erected  furnaces  at 
Workington,  Cumberland,  in  which  a  mixture  of  "hard"  and  "soft" 
red  htematite  was  smelted,  with  the  production  of  grey  iron.  In  the 
First  Part  of  tho  Metallurgy  (p.  40)  experiments  by  Sefstrom  are 
recorded,  in  which  oxactly  the  same  phenomenon  was  observed  in  the 
case  of  certain  highly  basic  silicates  of  lime,  and  it  is  probable  that  it 
is  due  to  excess  of  lime  in  the  furnace  slags  above  mentioned.  A 
similar  phenomenon  also  takes  place  during  the  solidification  of  the 
fused  double  sulphate  of  potash  and  protoxide  of  copper  (KO,  SOs-f- 
CnO,  SO3).*  It  was  long  ago  announced  by  Berzelius,  and  I  have 
repeated  the  experiment,  which  is  well  adapted  for  lecture  illustration. 

Magnesia. — This  substance  tends  to  induce  infusibility,  and  in  laige 

»  Berzelius,  Trnite  dc  Cliimic,  2««<  cd.  Ffanpuac,  1S47,  4.  p.  HW. 
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proportion  Is,  ou  that  account,  injurious.  But  in  furnace-charges  in 
this  country  magnesia  is  present  in  proportion  too  small  to  occasion  any 
sensible  effect.  The  use  of  dolomite  (carbonate  of  lime  and  magnesia) 
as  a  flux  instead  of  limestone  should  obviously  be  avoided. 

Manganese. —Protoxide  of  manganese  readily  combines  with  silica, 
and  therefore  greatly  tends  to  corrode  the  lining  of  the  furnace.  It 
induces  liquidity  in  the  slag.  In  some  of  the  analyses  of  slags  from 
Continental  blast-furnaces  previously  inserted  the  proportion  of  prot- 
oxide of  manganese  is  very  large.  The  corrective  clearly  is  silica, 
for,  until  the  oxide  is  completely  saturated  with  silica,  it  is  obvious 
that  it  must  continue  to  exert  its  corrosive  action,  to  the  great  damage 
of  the  lining  of  the  furnace. 

Titanic  acid.—\  know  nothing  from  my  own  experience  of  the  effect 
of  this  acid  on  blast-furnace  slags  on  the  large  scale,  but  I  am  assured 
by  Swedish  metallurgists,  skilled  in  the  smelting  of  iron  in  Sweden, 
that  it,  like  magnesia,  renders  the  slag  difficultly  fusible,  and  may 
be  the  cause  of  much  trouble  in  consequence. 

Potash.— In  studying  the  composition  of  blast-furnace  slags  the 
chemist  must  be  struck  with  the  comparatively  large  proportion  of 
potash  winch  they  contain.  The  value  of  the  potash,  when  present  to 
the  extent  of  2  >0  in  a  slag,  may  be  roughly  estimated  at  1/.  per  ton 
of  slag.  It  is  much  to  be  regretted  that  such  an  enormous  amount 
of  this  alkali  should  be  annually  wasted  in  our  slags,  and  the  ques- 
tion of  the  possibility  of  its  economical  extraction  merits  mora  atten- 
tion than  it  hitherto  appeal's  to  have  received.  In  the  case  of  the 
spontaneously  disintegrating  slags  it  would  bo  worth  while  to  try 
in  what  degree  it  might  bo  dissolved  out  by  water ;  for  if  these  slags 
be,  as  is  reasonably  supposed,  highly  calciforous,  their  composition, 
as  every  analytical  chemist  knows,  must  bo  favourable  to  its  sepa- 
ration by  this  solvent.  Moreover,  it  is  easy  to  obtain  any  ordinary 
blast-furnace  slag  in  the  state  of  easily  crumbling  pumice  by  allowing 
it,  not  to  flow  into,  but  to  simply  come  in  contact  with,  water.  It 
is  extraordinary  how  voluminous,  light,  and  vesicular  a  mass  is  thus 
procured. 

Miscellaneous  and  Accidental  Products  of  Blast  Furnaces. 

Silica. — Professor  IT.  Pose,  of  Berlin,  has  published  the  following 
interesting  account  of  the  production  of  fibrous  silica  in  a  blast- 
furnace in  Kiibeland,  in  the  llarz."  He  received  sjK?cimens  of  it  from 
Professor  YYohler.  It  consisted  of  perfectly  white  silky  fibres  in  con- 
centric layers,  and  contained  hero  and  there  black  specks  of  iron  and 
graphite,  with  a  few  extraordinarily  small  yellow-red  cubes  of  cyano- 
nitride  of  titanium.  The  silica  was  carefully  separated,  but  it  was  not 
possible  to  free  it  completely  from  the  black  specks.  Its  specific 
gravity  was  2*32,  which  is  a  little  too  high,  on  account  of  the  presence  of 
iron.    When  left  in  a  damp  situation  it  became  in  placos  pale  yellowish 

1  Ueb  r  die  Kiesobmure  dor  Hohofcn.  Ann.  d.  Phys.  u.  Chein.  ropgend.  1859, 
10*.  p.  051. 
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from  the  rusting  of  the  iron.  Heated  with  carbonate  of  soda  it  evolved 
ammonia,  which  was  collected  and  weighed  as  platino-chloride  of  am- 
monium. It  yielded  0  07%  of  nitrogen.  This  result  is  a  little  too 
low,  as  the  glass  tube  cracked  during  the  analysis,  and  the  nitrogen 
may  be  estimated  at  0-10%.  Another  portion  was*  treated  with 
hydrochloric  acid,  in  order  to  dissolve  the  iron,  and  evaporated  with 
hydrofluoric  acid,  when  a  minute  quantity  of  matter  remained.  This 
was  moistened  with  sulphuric  acid,  and  the  greater  part  of  the  excess 
of  acid  was  driven  off  by  evaporation.  When  cold  the  residue  was 
treated  with  water  at  the  ordinary  temperature.  The  solution  thus 
obtained  became  turbid  on  boiling,  and  deposited  0-004  gramme  of 
titanic  acid  (TiO").  Tho  filtrate  gave  no  residue  by  evaporation.  The 
portion  left  undissolved  by  water  contained  graphite  and  extraor- 
dinarily small  yellow  cubes  of  the  titanium  compound.  It  was  not 
ascertained  whether  the  ammonia  was  evolved  from  the  silica,  from 
nitride  of  silicon,  or  from  the  intermixed  titanium  compound,  which 
first  became  visible  after  tho  solution  of  the  silica  in  hydrofluoric 
acid  :  the  latter  source  is  tho  most  probable. 

According  to  Leonhard  tho  occurrence  of  fibrous  silica  is  by  no 
means  rare  in  hearth-bottoms,  in  cavities  in  the  walls  of  the  hearth, 
and  in  tho  M  bears  "  of  iron-smelting  blast- furnaces.  He  describes  it 
as  in  the  form  of  snow-white,  silky,  radiating  tufts,  consisting  of  hair- 
like  crystals,  so  light  that  the  least  movement  of  tho  air  suflSces  to 
blow  them  away.1  Vauquelin  appears  to  have  first  discovered  their 
true  nature.  Gurlt  also  announces  that  artificial  quartz  has  long  been 
known,  and  is  usually  found  in  tho  vicinity  of  the  twyers,  in  cracks  or 
cavities  of  the  hearth-stones,  together  with  graphite  and  the  titanium 
compound.*  Of  tho  various  localities  where  it  has  been  observed  he 
mentions  Plons,  near  Sargans,  and  numerous  iron-smelting  blast- 
furnaces in  the  ITarz  and  Westphalia.  Vncrystallized  compact  silica, 
ho  further  states,  has  been  found  accompanying  the  crystallized  variety 
in  blast-furnaces,  partly  as  a  finely  granular,  translucent,  compact 
mass,  and  often  in  shot-like  or  botryoidal  forms,  and  partly  earthy,  of 
greater  or  less  coherence.  In  the  fibrous  state  it  is  known  as  iron- 
amianthus,  and  a  specimen  of  this  variety  from  the  Oltiberg  furnaces, 
according  to  the  analysis  of  Schnabel,  had  the  following  composition : — 


Silica    98- 13 

Alumina   1*24 

Lime    0*46 

Magnesia    traces 

Protoxide  of  iron    traces 


99-83 

Its  specific  gravity  was  2-59.  It  was  insolublo  in  acids,  and  before 
the  blowpipe,  with  the  addition  of  carbonate  of  soda  or  charcoal, 
molted,  with  effervescence,  into  a  transparent  glass. 

Fibrous  silica  in  the  blast-furnace  probably  owes  its  origin  to  the 
oxidation  of  silicon,  which  is  certainly  separated  in  a  greater  or  less 

1  Utittcii-Krougiiuwr,  p.  205.  2  Ub  rwieht  tier  pymgi  nm  ten  Miitcralun,  p.  40. 
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degree  under  the  same  conditions  as  graphite.  According  to  Deville 
it  is  oxidized  at  a  high  temperature,  even  by  carbonic  oxide.  If  it  l>e 
a  product  of  the  oxidation  of  silicon  in  any  way,  it  occurs  just  where 
it  might  be  expected,  namely,  where  silicon  is  known  to  exist. 

I  have  received  from  Mr.  E.  Kiley,  what  he  designates  as  a  sort  of 
skin  occasionally  found  on  the  surface  of  the  pig-iron,  and  which,  he 
states,  consists  chiefly  of  silica. 

Jeffreys  has  recorded  a  remarkable  instance  of  the  supposed  volatility 
of  silica  at  high  temperatures  through  the  agency  of  the  vapour  of  water." 
He  allowed  a  large  quantity  of  steam  to  pass  through  a  potter's  kiln, 
of  which  the  temperature  more  than  sufficed  to  melt  pig-iron,  and  he 
afterwards  observed  round  the  opening  of  the  kiln,  from  which  the 
steam  escaped,  several  pounds  of  silica  deposited  in  the  form  of  snow. 
In  commenting  upon  this  statement  Berzelius  adduces,  as  a  parallel 
case,  the  well-known  volatility  of  boracic  acid  in  the  vapour  of  water, 
and  the  fact  observed  by  Gaudin  concerning  the  volatilization  of  silica 
when  melted  before  the  oxy hydrogen  blowpipe. 

The  preceding  account  is,  as  the  reference  shows,  taken  from  the 
report  of  Berzelins.  The  observer  is  Mr.  Julius  Jeffreys,  of  the  late 
41  Honourable  East  India  Company's  Medical  Establishment,"  who 
eommnuicated  a  paper  on  the  subject  to  the  Royal  Society,  and  of 
which  an  abstract,  in  a  few  lines,  was  published  in  the  4  Proceedings.'4 
Another  paper  on  the  same  subject  was-  communicated  by  the  author 
to  the  British  Association  in  the  samo  year,  and  a  somewhat  detailed 
description  of  it  will  be  found  in  the  report  of  the  Proceedings  of  that 
year.1  I  have  read  this  description  with  the  greatest  attention,  and 
anything  more  wanting  in  scientific  precision,  and,  therefore,  less 
satisfactory,  can  hardly  be  conceived.  No  analysis  <>f  the  silica 
alleged  to  have  been  deposited  is  stated  to  have  been  made,  and  there 
is  not,  indeed,  any  proof  that  this  deposit  was  silica  at  all,  much  less 
that  vaporization  of  silica  under  the  circumstances  recorded  had 
actually  taken  place.  The  observations  were  made  at  Furrukabad, 
800  miles  north  of  Calcutta.  The  evidence,  which  appears  to  havo 
satisfied  Mr.  Jeffreys,  I  confess  does  not  convince  me.  I  have  intro- 
duced this  notice  to  serve  as  a  warning  against  tho  too  hasty  accept- 
ance of  announcements  of  startling  scientific  novelties,  and  ns  an 
illustration  of  tho  importance  of  consulting  original  papers  themselves, 
instead  of  trusting  to  abstracted  notices,  however  honestly  compiled. 

Supposed  Ganwt. — I  received  from  Mr.  Russell,  a  mineral  collector,  a 
portion  of  a  "  bear,"  which  he  himself  procured  at  one  of  the  Monkland 
blast-furnaces  in  Scotland  ;  and  I  observed  in  it  a  few  small  beautiful 
crystals  resembling  garnet.  1  submitted  them  to  Professor  W.  IT. 
Miller  for  examination,  of  the  results  of  which  he  has  published  a  notice.6 
There  was  not  sufficient  material  for  chemical  analysis,  even  by  oper- 
ating upon  the  wholo.    The  crystals  had  tho  appearance  of  dark- 


*  Berzelius,  Jahres-Bericht,  1843.  p.  90. 
4  Proceedings  of  the  Royal  Society, 
1840,  p.  232. 


4  Brit.  Ahsoc.  Report  1840,  p.  125. 
«  Phil.  Motf.  Ot.  1858. 
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coloured  garnet.  One,  nearly  0m,002  in  diameter,  having  very  bright 
and  perfect  faces,  was  measured  with  the  reflective  goniometer  ;  it  bad 
the  form  of  the  rhombic  dodecahedron,  with  the  edges  replaced  by 
t>-sided  planes,  which  is  that  of  a  not  uncommon  variety  of  garnet. 

I  have  not  met  with  garnet  as  a  blast-furnace  product  in  any  other 
instance.  On  the  authority  of  Studer,  it  is  asserted  by  Gurlt,  that 
garnet  litis  been  found  in  blast-furnace  slags ;  but  no  details  as  to 
locality,  etc.,  are  given.7  Leonhard  states  that  garnet  has  either  never, 
or  only  been  very  seldom,  observed  in  blast-furnace  slags." 

Furnace  cadmia  or  calamine  (Ofenbruch,  Ger.). — In  smelting  zinciferous 
iron-ores,  a  compact  incrustation  of  furnace  cadmia.  consisting  chiefly  of 
oxide  of  zinc,  is  apt  to  form  round  the  throat  of  the  furnace.  In  some 
instances  this  deposit  accumulates  to  such  an  extent  that  it  requires 
to  be  detached  from  time  to  time.  I  have  seen  numerous  specimens 
of  it  from  British  as  well  as  from  Continental  blast-furnaces.  It  has 
generally  a  dark  greenish  grey  colour,  and  a  more  or  less  stratified 
structure.  A  specimen,  which  my  colleague,  Mr.  Smyth,  recently 
obtained  at  the  Seond  furnaces  in  Wiltshire,  where  iron-ore  from  the 
Greensand  formation  is  smelted,  is  beautifully  crystallized.  The  crystals 
are  distinct,  bright,  dark  green,  translucent  or  transparent,  hexagonal 
prisms."  On  superficial  examination  they  were  at  first  mistaken  for 
epidote.  At  the  Stanhope  furnaces,  in  Durham,  I  observed  a  considerable 
deposit  of  greyish  white  oxide  of  zinc  on  the  lower  part  of  the  tunnel- 
head,  and  a  bright  luminous  flamo  proceeding  from  the  mouth. 

Ebelmcn  has  given  the  following  analysis  of  furnace-cadmia  from  au 
iron-smelting  blast-furnace  at  Treveray,  Meuse,  in  France ;  it  was 
formed  of  concentric  zones,  of  a  moro  or  less  deep-grey  colour,  and 
contained  here  and  there  shots  of  metallic  lead ;  its  specific  gravity 
was  4  97  at  15°  0. ;  by  the  action  of  hydrochloric  acid,  a  little  sulphur- 
etted hydrogen  was  evolved,  and  a  small  quantity  of  insoluble  matter 
was  left,  consisting  of  sandy  particles  and  metallic  lead.1 


Oxide  of  zine   91  »f» 

Protoxide  of  iron    3  0 

Protoxide  of  hud    I '6 

Sulphide  of  Ititil    1(5 

Lead    14 

Silira  nnd  Baud    O'H 


100  0 


Specimens  of  furnace-cadmia  were  exhibited  in  the  Zollverein  depart- 
ment of  the  International  Exhibition,  in  1802,  from  the  Concordia 
Mining  and  Smelting  Company's  iron -smelting  blast-furnaces,  Ichenberg, 
near  Eochweiler,  Aix-la-Chapelle.  Nearly  2000  errs.,  or  about  100  tons, 
of  this  cadmia  (Gichtschwamm)  are  annually  obtained  at  these  furnace*. 

Cyano-nitride  of  titanium. — This  interesting  and  remarkable  compound, 

7  Ubersieht  der  pyrogenneten  kunstli-  8  Hiitten-Erzeugnisse,  p.  327. 

elteu  Minernlien.    Freiberg,  18/V7,  p.  61,  9  Vid.  First  Part  of  the  Metallurgy. 

A  reference  i«  given  to  Studer's  Lehrbueli  p.  540. 

d.  phyniknl.  Gitigraphio  u.  Geologie,  p.  1  Trav.  Seu  nt.  1.  p.  :i04. 
121. 
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fir»t  examined  by  Wollaston  iu  1822,  and  now  so  frequently  found  in 
our  blast-furnace  "  bears,"  has  been  previously  described.  I  have 
numerous  very  l>eautiful  specimens  of  it  from  furnaces  in  South  Wales, 
South  Staffordshire,  and  Scotland.  A  specimen  analysed  by  Wohler 
had  the  following  composition  : — 

Titanium    77  26 

Nitrogen    18  -30 

Curbou    3  04 

Graphite    0  92 

10012 


This  leads  to  the  formula  TiQy+3Tr*X. 

The  largest  crystals  I  have  ever  seen  were  obtained  from  a  furnace 
in  South  Wales,  and  are  now  in  the  metallurgical  collection  of  the 
Royal  School  of  Mines.  I  have  one  specimen  coated  with  a  grey 
metallic  tarnish.  Tn  another  specimen  the  minute  cubes  are  piled  up 
into  the  form  of  the  regular  octahedron,  exactly  as  sometimes  occurs  in 
octahedrons  of  fluorspar. 

Graphite  or  kish. — Comparatively  large  quantities  of  graphite  in  thin 
plates  escape  from  the  blast-furnace  during  tapping,  and  appear  on  the 
surface  of  the  metal.  I  have  obtained  fine  specimens  of  it  from  man}' 
furnaces  ;  but  some  of  the  finest  have  come  from  the  furnaces  at  the 
Dowlais  Iron-works  and  at  the  Clarence  Iron-works,  near  Middlesboro'- 
on-Tees,  belonging  to  my  friend  Mr.  I.  Lowthian  Bell.  I  have  care- 
fully examined  that  from  the  first-named  locality,  and  have  found 
unmistakable  evidence,  I  think,  of  the  presence  of  silicon  in  it. 

Colour  of  the  flame. — In  the  furnaces  of  South  Wales  I  have  generally 
observed  that  the  flame  issuing  from  under  the  tymp  is  bright  yellow. 
At  the  Ystalyfera  furnaces,  especially,  in  which  anthracite  is  used  as 
the  fuel,  and  from  which  a  considerable  amount  of  flame  is  always 
allowed  to  escape  at  the  fore-part,  I  have  been  much  struck  with  the 
pure  mono-chromatic  character  of  this  flame.  While  enjoying  on  one 
occasion  the  hospitality  of  the  proprietor,  Mr.  J.  Palmer  Budd,  a  party 
of  us,  including  ladies,  one  of  whom  wore  a  red  shawl,  visited  the 
furnaces  at  night;  when,  so  intensely  yellow  was  the  flame,  that  not 
the  slightest  tinge  of  red  was  visible  in  the  shawl.  The  light  evolved 
was  precisely  similar  in  this  respect  to  that  produced  by  the  combus- 
tion of  alcohol  containing  chloride  of  sodium  in  solution.  When  a 
stick  of  bright  red  sealing-wax  is  placed  on  brown  paper  and  viewed 
by  this  fl  ame,  it  cannot  bo  distinguished  in  colour  from  the  paper. 
The  colour  of  the  flame  from  the  furnaces  above  mentioned,  there  can 
he  little  doubt,  is  due  to  the  presence  of  soda  existing  as  chloride  of 
sodium  in  the  coal.  There  is  reason  to  believe  that  soda  is  present  in 
coal  more  frequently, — if  not  generally, — and  to  a  greater  extent  than 
is  supposed.  Not  long  ago  T  had  occasion  to  put  down  a  small  steam- 
engine  at  the  bottom  of  a  Thick-coal  colliery  at  West  Bromwich,  in 
South  Staffordshire,  in  order  to  raise  water  which  had  accumulated  in 
old  hollows  in  a  deep  part  of  the  mine.  The  boiler  was  supplied 
with  this  water;  and,  not  suspecting  anything  unusual,  it  was  not 
cleaned  out  more  frequently  than  customary.     It  exploded,  happil 
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without  causing  any  serious  barm  :  and  a  thick  saline  incrustation  was 
found  at  the  bottom.  This  was  analysed,  and  proved  to  contain  more 
than  95%  of  chloride  of  sodium. 

On  the  connexion  between  the  presence  of  Manganese  and  ScLrncR 

in  Slags. 

Mr.  Parry  infonns  me  that  the  slag  produced  in  smelting  spathic 
ores  at  the  Ebbw  Vale  Iron-works  has  contained  as  much  as  8%  °* 
protoxide  of  manganese,  and  not  less  than  2%  of  sulphur.  Its  colour 
was  green.  Mr.  Tarry  further  states  that  he  has  always  found  that 
when  there  is  much  manganese  in  the  slag,  it  is  accompanied  with  a 
considerable  quantity  of  sulphur.  This  conclusion  has  been  fully  con- 
firmed by  the  analyses  of  Dr.  Noad.  When  other  ores  not  rich  in 
manganeso  wore  smelted  with  the  same  fuel  as  those  above  mentioned, 
the  slag  contained  less  sulphur,  and  the  pig-iron  a  proportionately 
larger  quantity.  This  is  a  point  of  considerable  practical  importance  ; 
and  it  may  possibly  tend  to  explain  the  formation  of  helvin,  or  tetrahe- 
dral  garnet,  of  which  the  composition  is  given  in  the  First  Part  of 
the  Metallurgy,  p.  344.  This  remarkable  mineral  is  essentially  a 
silicate  of  protoxide  of  manganese  and  glucina,  but  contains  nearly 
G%  of  sulphur  in  the  state  of  sulphide. 

On  the  Reduction  of  Phosphoric  Acid  in  the  Blast-furnace,  and  the 

PASSAGE  OF  THE  PHOSPHORUS  INTO  THE  PlG-IRON. 

Berthier  long  ago  announced  the  fact  that  slags  accompanying  the 
production  of  pig-iron  containing  phosphorus  were  free  from  that 
clement.  He  investigated  the  question  synthetically  as  well  as 
analytically  ;  and  the  original  paper,  in  which  his  results  are  recorded, 
is  worthy  of  careful  study.*  As  far  as  I  have  yet  observed,  the  oi-dmary 
slags  from  English  blast-furnaces  do  not  contain  a  sensible  quantity  of 
phosphoric  acid  ;  but  I  have  not  examined  any  which  have  been  derived 
from  ores  containing  an  unusual  amount  of  that  acid,  such,  for  example, 
as  some  varieties  of  the  Northamptonshire  ore.  My  experience  in 
,  this  respect  is  confirmed  by  the  observations  of  Price  and  Nicholson, 
and  of  Mr.  E.  Riley.  The  presence  of  phosphoric  acid  in  sensible 
degree  in  blast-furnace  slag  is  exceptional,  and  appears  to  be  connected 
with  imperfect  reduction  of  the  iron.  By  way  of  illustration,  the 
following  analyses  are  presented  : — 


L 

n. 

III. 

IV. 

V. 

VL 

42  -0G 

41-11 

37  84 

40  04 

34  9(3 

45-31 

13-05 

1345 

13  20 

12-09 

1000 

10-76 

82-53 

20-82 

20-08 

32-30 

29  48 

30-70 

100 

4-?r> 

2-93 

105 

5  30 

2-57 

4  04 

0-44 

20  •  83 

7-81 

0  83 

2-29 

Protoxide  of  manganese 

2'  26 

000 

0-80 

1-12 

0-99 

3-07 

2-00 

1-84 

1-08 

1-28 

1-83 

0-34 

019 

0-15 

1-77 

108 

2  03 

351 

103 

1-34 

0-87 

1-38 

1-45 

2  05 

99-81    99-50    100-00    9941    100-19  10000 


2  Sur  leu  fnnten  phnfmhoives,  etc.  Pur  M.  P.  Berthier.  Ann.  (L  Mines  1838.  3  B, 
14.  p.  113. 
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I.  This  slag  came  from  the  blast-furnace  named  La  Providence,  at 
Marchienne,  Charleroi,  Belgium.  The  analysis  lias  been  previously 
inserted.  —  II.  and  111.  These  analyses  were  made  by  Price  and 
Nicholson.  White  iron  was  being  made,  doubtless  with  Welsh  coal 
and  hot-blast,  although  this  is  not  specially  stated.  The  slag  in 
No.  II.  resembled  black  bottle-glass  in  appearance,  and,  from  its 
liquidity  in  a  molten  state,  was  what  is  termed  a  44  scouring  cinder;"  it 
was  derived  from  argillaceous  ore.  In  No.  III.  the  sing  was  exceed- 
ingly heavy,  of  a  pitch-black  colour,  with  the  surface  of  the  blocks  in 
the  tajhiragfjows,  i.e.  cinder-tubs,  of  the  dull,  dark  red,  bronze-like  aspect 
characteristic  of  very  bad  furnace  slags. — IV.  and  V.  These  analyses 
were  made  by  Mr.  E.  Riley  at  the  Dowlais  Iron-works.  Potash  was 
the  only  alkali  found.  No.  IV.  was  from  No.  0  furnace,  hot-blast,  and 
working  on  equal  weights  of  Northamptonshire  ore  and  refinery  cinder. 
It  was  a  dark  green  scouring  cinder.  No.  V.  was  from  No.  8  furnace, 
hot-blast,  and  working  also  on  precisely  the  same  charges  of  ore  and 
cinder  as  No.  IV.  It  was  a  black  scouring  cinder. — VI.  This  analysis 
was  made  by  Hess,  in  Liebig's  laboratory.  The  slag  was  black  and 
obsidian-like,  and  on  that  account  was  selected  for  analysis  by  Leonhard 
in  illustration  of  the  artificial  production  of  that  mineral.*  It  was 
from  a  blast-furnace  at  Friedrichsthal,  near  Freudenstadt,  Wurtemberg, 
and  was  derived  from  the  smelting  of  pisolitic  and  brown  iron  ore,  with 
limestone  as  flux  and  charcoal  as  fuel.  In  the  original  the  analysis  is 
not  exactly  as  I  have  tabulated  it.  The  sulphur  was  0*01,  and  set 
down  separate,  whereas  I  havo  computed  it  as  sulphide  of  calcium. 
There  is  also  0*52%  of  phosphate  of  lime  put  down  as  a  distinct  item, 
and  this  I  have  included  in  the  total  lime,  not  deducting  the  phosphoric 
acid. 

In  the  table  of  analyses  by  Mr.  E.  Riley,  of  Dowlais  blast  furnace 
slag,  p.  409,  it  will  be  observed  that  there  is  a  direct  relation  between 
the  proportions  of  iron  and  phosphoric  acid  in  the  slag. 

The  preceding  results  establish  the  fact,  cairn's  paribus,  of  the  con- 
nection between  the  presence  of  iron  and  that  of  phosphoric  acid  in 
the  slag ;  and  this  conclusion  is  abundantly  confirmed  from  analyses 
of  slags  comparatively  free  from  iron.  It  is,  moreover,  precisely  what 
might  have  been  anticipated  ;  for,  obviously,  the  condition  tending  to 
the  imperfect  reduction  of  the  iron  will  likewise  tend  to  the  imperfect 
reduction  of  the  phosphoric  acid.  And  this  condition  is  especially  apt 
to  occur  when  white  iron  is  produced  ;  because  the  proportion  of  fuel 
is  smaller  and  the  temperature  of  the  furnace  lower  than  when  grey 
iron  is  made. 

Further;  the  conclusion  above  slated  agrees  perfectly  with  what 
has  previously  been  advanced  concerning  the  reduction  of  lake  and 
bog  iron  ores  in  Finland  in  the  Stiickofen  and  high  blast-furnace, 
respectively.    In  the  former,  as  an  enormous  proportion  of  iron  is  left 


■  Hutten-ErwugnU«c  u.  andore  nuf 
kuiuitlit-hcm  Wege  grbiWUto  Mimralirn 
ala  Stntzpunctc  grologisrbor  Hypntl:c«en, 


von  K.  C.  v.  Ixonhanl.  Stuttgart,  185*. 
p.  175. 
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unreduced  in  the  slag,  iron  comparatively  free  from  phosphorus  is 
obtained ;  whilst  in  the  latter,  pig-iron  continuing  a  sensible  amount 
of  phosphorus,  and,  therefore,  well  suited  for  fine  castings  not  requiring 
any  great  strength,  is  always  produced. 

In  No.  VI.  analysis  it  will  be  observed  that  whilst  the  proportion 
of  iron  is  much  less,  that  of  the  phosphoric  acid  and  manganese  is 
considerably  greater,  than  in  the  other  analjses.  It  is  probable  that 
manganese  would,  like  iron,  tend  to  retain  phosphoric  acid  in  the 
slag;  and  it  is  desirable  that  observation  should  bo  directed  to  this 
point,  which  may  prove  to  be  one  of  practical  importance. 

According  to  Price  and  Nicholson  when  ores  containing  from  2%  to 
3n/G,  and  slags  (such  as  the  taj>-cinder  of  the  puddling  furnace)  from 
8%  to  107o  of  phosphoric  acid  are  smelted  with  hot-blast,  all  the  phos- 
phoric acid  is  reduced,  and  tho  phosphorus  passes  into  the  pig-iron; 
but  they  had  had  no  opportunity  of  ascertaining  whether  the  same 
result  would  occur  with  cold-blast. 

Grey  pig-iron  smelted  with  hot-blast  from  pisolitic  iron  ore,  and 
from  a  mixture  of  tap-cinder  and  shale,  respectively,  contained  2*56'/, 
and  0-94%  of  phosphorus.  The  slags  accompanying  these  two  pig- 
irons  were  composed  as  follows  : — 


Silietx  

45-04 

4111 

10-84 

9-4<> 

85*01 

3790 

8-16 

211 

071 

0*89 

trace 

i  t;i 

3-30 

G-41 

0-82 

0-71 

trace 

trace 

IK) -48 

99-70 

Pig-iron,  contained  of  phosphorus 

2  56 

6-91 

Mr.  F.  C.  Wrightson,  in  a  paper  which  he  read  to  the  Chemical 
Section  of  the  British  Association  in  Birmingham,  1849,  asserted  that, 
cateris  /xm&tw,  pig-iron  smelted  with  hot-blast  contains  more  phos- 
phorus than  pig-iron  smelted  with  cold-blast ;  and  he  adduced  in 
evidence  the  following  series  of  results  from  his  own  analyses  of  speci- 
mens of  pig-iron  made  with  cold  and  hot  blast  from  South  Staffordshire 
ores,  chiefly  west  of  Dudley.4 

Phosphorus  per  cent. 

Cold-blast  pig-iron  ...  0  47  0  41  0  31  0  20  0  21  0  03  0*86 
Hot-blast  pig-iron  ...    0  51     0-55     0  50     0  71     0  54     0  07     0  40 

Difference   0  04     0  14     0-19     0-51     0  33     0  04     0  04 

These  differences,  it  must  be  admitted,  are  not  very  startling,  the 
greatest  being  0-51%.  In  three  of  the  determinations  it  is  only 
004%;  but  some  allowanco  must  bo  made  for  necessary  errors  of 
analysis,  as  every  experienced  analyst  well  knows  that,  in  the  case  of 
phosphorus,  it  is  not  easy  to  obtain  results  in  two  analyses  of  the  same 


4  The  paper  will  be  found  in  exteiuo,  Cham.  Gaz.  7  p.  478,  1849. 
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sample  approximating  so  closely  as  0-04%  ;  especially  when  the  matter 
operated  on  contains  only  a  very  small  proportion  of  phosphorus,  as 
was  the  case  with  the  pig  irons  which  Mr.  Wrightson  analysed. 

Price  and  Nicholson,  with  a  view  to  test  the  correctness  of  the 
preceding  assertion  of  Mr.  Wrightson,  determined  the  proportions  of 
phosphorus  in  pig-iron  smelted  from  argillaceous  ores,  at  the  Aberdare 
Works,  with  cold-blast,  and  with  hot-blast  at  the  temperature  of 
600°  F.    Their  results  are  as  under  :— 

i  Dofepnoriw  pf-r  ccni. 


L 

II. 

IIL 

IV. 

Cold-bla^t  pig-iron                 0  81 

0-02 

0-G8 

0*68 

V. 

TL 

VII. 

VIII. 

0-fi8 

071 

OSS 

-O'OO 

-003 

0  05 

In  both  cases  the  metal  was  what  is  known  as  good  No.  2  foundry 
iron.  In  two  instances  the  phosphorus  is  higher  in  the  cold-blast  pig- 
iron,  and  in  two  it  is  lower ;  and  in  no  instance  is  the  difference  so 
great  as  not  to  be  readily  explained,  either  by  corresponding  variations 
in  the  proportion  of  phosphoric  acid  in  the  ores,  or  by  errors  of  analysis. 
The  slags  accompanying  the  production  of  Nos.  I.,  II.,  V.,  VI.  were 
analysed,  and  the  results  are  given  below : — 

I.        IL       V.  VI. 

Silica   39-95  40  20  4104  42  94 

Alumina    17  41  10  45  13  20  10  29 

Lime   29  04  30  00  35  91  31  10 

Magnesia   647  729  421  410 

Protoxide  of  iron   0*24  0  57  011  0-34 

Protoxide  of  munguncae   0  91  0*84  0*74  0  51 

Sulphide  of  calcium    3  60  2  71  2  19  2  10 

Alkalies    1-40  130  170  187 

Phosphoric  acid    trace  trace  tmce  trace 

99-G8    99-30    99-70  99-37 


It  was  only  by  the  aid  of  the  molybdate  of  ammonia  test  that  the 
minute  traces  of  phosphoric  acid  present  could  be  detected. 

The  foregoing  results  lead  to  the  conclusion  that,  under  ordinary 
conditions  and  when  the  furnaces  are  in  good  working  order,  reduction 
of  the  phosphoric  acid  takes  place  as  completely  with  cold  as  with  hot 
blast,  or,  what  is  equivalent,  the  temperature  of  a  cold -blast  furnnco 
suffices  to  effect  what  may  be  practically  regarded  as  perfect  reduction 
of  the  phosphoric  acid  existing  in  the  charge  ;  a  conclusion  opposed  to 
that  at  which  Mr.  Wrightson  had  previously  arrived. 

Leonhard  has  published  an  analysis  of  a  slag  extraordinarily  rich  in 
phosphoric  acid,  made  by  Hess  in  Liebig's  laboratory.5  It  was  what 
he  designates  "furnace  pumice,"*  and  came  from  the  Concordia  Iron- 
works, Coblenz.     It  was  produced  in  smelting  pisolitic  and  brown 


J  Op  cit.  p.  175.  •  Ofen-Bimsstein,  or  Gaarseliaum. 
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iron  ore  with  charcoal  and  Muschelkalk  limestone  as  the  flux.  I  pre- 
sume that  it  acquired  its  structure  from  having  come  in  contact,  in  a 
molten  state,  with  water.  I  have  seen  beautiful  specimens  of  pumice 
made  at  the  blast-furnace  in  this  manner.  A  black  slag  when  care- 
fully brought  in  contact  with  water  will  swell  up  surprisingly  into  a 
voluminous,  excessively  light,  white,  cellular  mass.  The  composition 
of  the  slag  was  as  follows : — 

Silica    27-48 

Alumina   25*78 

Liino    25-47 

Magnesia   0-41 

Protoxide  of  iron    0*91 

Protoxide  of  manganese    3*59 

Phosphoric  acid   9-6G 

Titanic  acid    6-70 


100-00 


This  slag,  I  should  suppose,  must  have  been  refractory  from  the 
presence  of  so  large  an  amount  of  alumina.  I  am  not  aware  whether 
any  trustworthy  experiments  havo  yet  been  made  to  ascertain  what 
the  effect  of  alumina  may  be  in  preventing  the  reduction  of  phos- 
phoric acid.  Should  it  bo  found  beneficial,  a  mineral  containing  a 
large  proportion  of  alumina  occurs  at  Belfast ;  and  it  has  recently  been 
proposed  to  employ  it  as  a  flux  in  the  smelting  of  siliceous  iron  ores 
with  a  view  to  prevent  the  reduction  of  the  silica  and  the  passage  of 
the  silicon  into  the  pig-iron.  It  is  conglomerate  in  structure.  Messrs. 
liichio  and  Sons,  manufacturing  chemists  of  Belfast,  are,  I  am  informed, 
prepared  to  supply  it  at  a  moderate  cost.7  An  analysis  of  this  mineral, 
which  is  known  as  "aluminous  ore,"  will  be  found  in  Table  III., 
No.  9. 8 

Economical  Application  of  Blabt-fubnace  Slags. 

Blast-furnace  slag,  as  every  one  who  has  travelled  in  iron-producing 
districts  must  have  observed,  is  extensively  used  for  building  purposes, 
especially  walls  ;  and  it  would  not  be  easy  to  find  more  durable 
material.  A  few  years  ago  a  paper  was  read  to  the  Society  of  Arts  bv 
Dr.  William  H.  Smith,  of  Philadelphia,  U.S.,  on  44  the  utilization  of 
the  molten  mineral  products  of  smelting  furnaces."  The  author 
stated,  that  his  system  of  utilization  had  "  been  for  years  before  the 
public,"  and  had  been  44  described  in  several  lengthy  specifications  ;** 
so  that  he  appears  to  have  obtained  the  protection  of  several  patents 

7  A  pamphh  t  has  been  published  on  furnace,  and  the  concentration  of  the  phos- 

this  mineral  with  the  following  title  :-  I  phorus  in  the  pig-iron.    Thus  he  states, 

OWrvntiotia  U|«on  a  New  Mineral  and  its  i  "Having  several  times  treated  ores  com- 

Adaptation  for  the  Improvement  of  Sili-  pletelv  free   from  phosphorus  with  the 

cious  Iron  Ore.    Belfast,  1862,  p.  8.  addition  of  wood  charcoal,  phasphnte  of 

s  Since  the  foregoing  observations  were  |  lime,  and  silica  I  have  eonstantlv  found 

in  typo,  Cnron  has  communicated  to  the  in  the  cast-iron  produced  nearly  "all  the 


French  Academy  a  paj>er  on  the  elimina- 
tion of  phosphorus  from  prg-iron.  He 
wenis  not  to  have  been  acquainted  with 


phosphorus  which  I  had  put  into  the  cru- 
cible in  the  state  of  phosphate."  He 
found  also  that  without  the  presence  of 


what  had  Ikx'ii  previously  done  with  ro*i>ect  ,  silica  the  same  result  occurred  in  a  bmsqued 
to  the  reduction  of  phosphates  in  the  blast-  1  crucible. 


xi  by  Google 


ECONOMICAL  APPLICATION  OF  B LAST- F U H N ACE  SLAGS.  M7 

in  carrying  ont  bis  system.  Slag  was  to  be  applied  to  44  a  thousand 
uses  ;"  it  was  to  be  manufactured  into  bricks  and  ornate  architectural 
mouldings;  it  was  capable  of  being  44 cast  into  as  great  a  variety  of 
forms,  solid  and  hollow,  as  iron  itself,  with  the  superior  advantage  of 
being  susceptible  of  the  admixture  and  Mendings  of  colour,  so  as  to 
render  it  equal  in  brilliancy  to  agate,  jasper,  malachite,  tho  variegated 
marbles,  and  other  more  valuable  varieties  of  the  mineral  kingdom 
by  proper  annealing,  it  may  '4  be  made  to  acquire  a  surface,  or  texture, 
at  least  ten  times  as  durable  as  that  of  marble,  and  is  susceptible  of  a 
polish  equal  to  agate  or  cornelian." 

The  author  concludes  his  paper  with  an  elaborate  statement  of  tho 
cost  of  the  manufacture  of  slag  tiles  and  slabs,  from  which  I  select  tho 
following  items : — 

£..  *.  d. 

Commercial  value  of  100  tons,  1  in.  thick,  gross    590  12  6 

Less  cost   120   5  0 

£4047  Q 

Value  of  annual  product  at  500  tous  per  day   £090,502  10  0 


Commercial  value  of  100  tuns,  1}  in.  thick,  gross   £303  15  0 

Less  cost    120  10  0 

£207    5  0 


Value  of  annual  product  at  500  tons  per  day    £400, S75   0  0 


It  was  computed  that  the  iron-smelting  works  of  Great  Britain 
alone  annually  yielded  from  6  to  10  million  tons  of  slag.  The  author, 
apparently  not  satisfied  with  this  source  of  supply,  refers  to  the  slags 
produced  in  the  smelting  of  copper  and  lead,  44  without  considering 
zinc  and  other  metalliferous  sources."  Slags  from  zinc  furnaces  would, 
I  should  imagine,  bo  somewhat  novel.  Amougst  44  other  essential 
elements  of  success,"  one  consists  44  in  the  protection  of  the  molten 
and  hot  material  from  the  sectional  polarization  of  its  heat,  or  thermal 
electricity."  This  passage  of  high-sounding  scientific  phraseology  may 
have  been  intelligible  to  the  audience  at  tho  Adelphi ;  but  it  is  far 
beyond  my  comprehension. 

The  author  asserted,  that  this  slag  44  field  of  scientific  research  and 
industrial  enterprise "  was  novel ;  and  ho  seems  to  have  claimed  for 
himself  the  entire  merit  of  originality  in  the  application  projiosed. 
How  far  this  claim  is  correct  will  be  seen  in  the  following  extract 
from  the  specification  of  a  patent  granted  to  a  Mr.  John  Payne, 
Nov.  21st,  17  28. *  44  Lastly  is  described  the  method  of  moulding  or 
shaping  the  scoria  or  dross  of  divers  mettalls  and  ores  by  fusing  or 
melting,  as  before  specified,  with  such  mixtures  as  will  in  a  great 
measure  prevent  its  being  brittle,  and  also  gives  it  divers  colours,  so 
as  to  make  it  the  more  oinamentall  and  usefull  where  other  ponderous 


>  No.  505.    Abridgments  of  Siax'ifieations  relating  to  the  Manufacture  of  Iron,  p.  4. 
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and  vitrified  matter  is  wanting,  which  scoria  or  dross,  when  prepared, 
is  to  be  placed  in  moulds,  and  pressed  down  by  a  screw  or  weight  soe 
as  to  fill  the  moulds  to  the  proper  shape  designed  for  it." 

Notwithstanding  the  glowing  prospect  of  profit  set  before  the  British 
public  by  Dr.  Smith,  our  capitalists  have  not  been  attracted,  and  iron- 
masters still  continue  to  dissipate  the  valuable  treasure  which  they 
possess  in  their  blast-furnace  cinders.  One  of  two  things  is  certain, — 
either  Dr.  Smith  must  have  been  very  sanguine,  or  the  British  public 
very  stupid. 

Messrs.  Chance,  of  the  Spon  Lane  Glass-works,  near  Birmingham, 
obtained  a  patent  in  1855  "for  improvements  in  casting  articles  of  the 
slags  produced  by  the  smelting  of  iron  and  other  ores." 1  The  slag, 
melted  at  a  high  temperature,  was  run  into  sand-moulds  previously 
heated.  They  also  endeavoured  to  utilize  the  trap-rock  of  the  neigh- 
bouring Rowley  Hills  for  building  purposes  and  architectural  orna- 
ments. It  was  melted,  then  moulded  by  pressure,  and  subsequently 
devitrified  by  slow  cooling,  or,  what  is  equivalent,  by  long  annealing. 
Jn  some  houses  at  West  Bromwich  may  be  seen  ornamental  lintels  pro- 
duced in  this  manner.  The  process,  however,  did  not  answer  com- 
mercially, and  was  abandoned. 

Effects  of  long-continued  Heat  upon  Sandstone  in  the  Hearth- 
bottom. 

When  grit  or  coarse  sandstone  is  used  in  the  hearth-bottom  of  blast- 
furnaces, it  occasionally  acquires  a  columnar  structure,  exactly  like 
basaltic  columns  in  miniature.  I  have  several  beautiful  examples  of 
this  alteration. 

Mr.  S.  II.  Blackwell  has  presented  me  with  singularly  changed  pieces 
of  sandstone  from  the  hearth-bottom  of  one  of  his  blast-furnaces.  They 
are  metamorphosed  to  such  a  degree,  that  when  seen  by  the  side  of  a 
piece  of  tho  original  stone,  no  one  would  suppose  that  they  had  been 
derived  from  the  latter.  They  appear  as  though  they  had  undergone 
incipient  vitrification,  being  glazed  slightly  on  the  surface.  They  are 
impregnated  throughout  with  bright  minute  particles  of  metallic  iron, 
and  one  piece  is  traversed  by  a  vein  of  iron.  I  am  inclined  to  believe 
that  the  change  of  structure  must  be  due  to  tho  action  of  alkaline  vapour ; 
but  I  am  somewhat  puzzled  to  account  for  the  dissemination  of  iron  in 
minute,  and  apparently  isolated,  particles  through  the  mass. 

On  the  Substitution  of  Lime  for  Limestone  as  a  Flux. 

At  Ekaterinenburg,  in  the  Ural,  experiments  were  made  many  3-ears 
ago  on  the  comparative  advantages  of  lime  and  limestone  as  fluxes.* 
It  is  recorded  that  after  the  use  of  lime  during  13  days,  nothing 
peculiar  was  observed  in  the  working  of  the  furnace.  Pig-iron  of 
good  quality  was  obtained,  suitable  for  munitions,8  hard- ware,  and 

•  A.D.  1855.  SeptoinWr  3.  No.  1985.  |  3  1  line  the  suinie  word  a*  in  the  original 
3  Annuaire  du  Journal  den  Mines  do    French ;   for   I   do  not  know  whether 

Ruwie.    Annul  18UG.    8.  Pctersbourg.   cannou  or  shot,  or  both,  were  intended. 

tmprimc  a  ParKs,  1840. 
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other  objects;  and  by  tbo  substitution  of  lime  for  limestone  there 
was  an  economy  of  43  copecs  for  every  100  ponds  of  ores  smelted,  i.  e. 
U  3o\  for  about  13  cwts.  (of  112  lbs.  to  the  cwt.). 

The  following  notice  has  been  published  of  the  results  of  similar 
trials  at  the  iron -works  of  Ougree,  near  Liege,  in  Belgium.4  \N  hen 
limestone  was  used,  for  100  kil.  of  pig-iron,  the  average  consumption 
of  coke  during  6  lunar  months  was  lGOjkil.,  whereas,  by  the  use  of 
lime  during  the  same  period,  it  was  reduced  to  U6±  kil.,  thus  hhowing 
a  saving  of  8%  of  coke.  The  average  make  of  pig-iron  with  limestone 
during  28  days  was  461,000  kil.,  i.e.,  about  115  tons  (of  2240  lbs.  to 
the  ton)  per  week ;  and  with  lime  during  the  same  period,  it  was 
735,000 kil.,  i.e.,  about  183  tons,  which  represents  an  increase  of  make 
to  the  extent  of  24*3%.  Corresponding  results  were  obtained  with 
another  furnace,  worked  during  3  months  with  limestone,  and  during 
other  3  months  with  lime  ;  and  the  average  consumption  of  coke  per 
100  kil.  of  pig-iron  was  162  kil.  and  147^  kil.  respectively.  In  the 
former  case  the  average  production  of  pig  iron  per  lunar  month  was 
469,000 kil.,  i.e.,  about  117  tons  per  week,  and,  in  the  latter  case,  it 
was  563,000 kil.,  i.e.,  about  141  tons  per  week.  When  the  preceding 
notice  appeared,  the  furnaces  at  Ougree  had  been  working  with  lime 
during  3^  years,  with  the  same  successful  results.  The  saving  per 
year,  notwithstanding  the  cost  of  burning  the  lime,  was  estimated  at 
30,000  francs,  ue.  about  1200/.  In  consequence  of  the  announcement 
of  these  results,  similar  experiments  were  conducted  by  Eck  in  1852, 
at  the  Koyal  Smelting- works,  in  Upper  Silesia.*  During  10  con- 
secutive weeks,  in  two  furnaces  working  with  limestone  as  the  flux, 
the  consumpt  ion  of  coke  per  100  lbs.  of  grey  pig-iron  (of  a  "  coarsely 
granular  and  bright  fracture,  such  as  that  used  for  puddling")  was 
228  lbs.  and  227J  lbs.  respectively ;  and  in  tho  same  furnaces  working 
with  lime  during  other  10  consecutive  weeks,  the  consumption  per 
100  lbs.  of  pig-iron  was  223  lbs.  and  2181  lbs.  respectively.  Tho 
increase  of  make  by  the  use  of  lime  was  3-370  and  2*4%  respectively. 
Taking  the  average  result  of  both  furnaces,  tho  saving  in  coko  was 
3-l  /0,  and  the  increase  of  yield  2*8570.  In  ono  of  tho  furnaces 
limestone  was  tried  from  January  to  the  middle  of  February  inclusive, 
and  in  May  ;  and  lime  from  the  middle  of  February  to  the  end  of 
April.  In  the  other  furnace  limestone  was  tried  from  tho  middle  of 
Febiuary  to  the  end  of  April  inclusive ;  and  lime  from  January  to  tho 
middle  of  February  inclusive,  and  in  May.  The  experiments  were 
thus  comparative  with  respect  to  the  influence  of  the  seasons. 

Mr.  Menelaus  informed  mo  (Aug.  1 1th,  1863)  that  there  was  only  ono 
furnace  at  Dowlais  working  on  lime,  and  expressed  his  conviction  that 
the  use  of  lime  lessens  the  consumption  of  coal  and  softens  the  iron. 
He  further  stated  that  they  were  so  satisfied  as  to  its  economy,  that 
they  proposed,  as  soon  as  convenient,  to  replace  limestone  by  lime  in 
all  the  furnaces. 


*  Edinburgh  Ne  w  Philosophical  Journal.  I  Zoitschr.  d.  0»tr.  Ing.  Vercins.  1852,  p.  145. 
April,  1854.  p.  378.     Quoted  from  the  |     h  Kurstens  Archiv. 2 ».  25, p.  430.  1853. 
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On  applying  to  Mr.  Parry  for  information  concerning  the  use  of  lime 
at  the  furnaces  of  the  Ebbw  Vale  Iron  Company,  I  received  the  fol- 
lowing reply  (Aug.  12th,  1803): — 14  Wo  have  had  lime  oft' and  on  for 
some  years  past,  as  managers  have  been  changed.  A  few  years  ago  1 
found  the  furnace  worked  hotter  and  carried  more  burden  with  lime 
than  limestone.  There  was  a  saving  of  expensive  fuel  in  the  furnace 
to  the  full  amount  of  inferior  fuel  used  in  calcining  the  lime.  On  the 
whole,  I  consider  tho  use  of  caustic  lime  an  advantage.  At  the 
Sirhowy  Iron-works  (belonging  to  the  Ebbw  Vale  Company),  lime 
has  been  used  for  years,  the  same  manager  being  there  who  approves 
of  it,  and  it  is  only  two  months  ago  that  our  head  men  have  been 
ordered  the  renewal  of  its  use  at  both  the  Ebbw  Vale  and  Victoria 
Works,  so  that  I  may  say  the  whole  establishment  is  now  using  caustic 
lime."  When  I  visited  tho  Cyfartha  Works  in  1859  lime  was  used  in 
the  hot-blast,  and  limestone  in  the  cold-blast  furnaces. 

Ox  the  Use  op  Blast-fubnace  Slag  as  a  Substitute  fob  Limestone. 

At  the  Blaina  Iron-works  some  years  ago  the  supply  of  limestone 
was  suddenly  cuf  off  on  account  of  a  dispule  with  tho  owner  of  quarries 
from  which  it  had  always  before  been  obtained.  There  was  no  other 
source  from  which  it  could  bo  economically  procured,  and  it  was 
determined  to  try  blast-furnace  slag  as  a  substitute.  Mr.  Levick  assures 
me  that  it  answered  perfectly,  and  that  lie  used  the  same  slag  two  or 
three  times  over  without  inconvenience.  Tho  circumstances  in  which 
such  a  courso  might  bo  adopted  must,  I  should  suppose,  bo  very 
restricted. 

Application  op  Chlobide  op  Sodium. 

In  1851  a  patent  was  granted  to  Mr.  Frederick  Crace  Calvert,  of 
Manchester,  for  "  Improvements  in  manufacturing  iron,  and  in  manufac- 
turing and  purifying  coke." 6  I  have  referred  to  this  patent  when  treating 
of  coke  in  the  First  Fart.  The  claim  is  for  the  use  of  chlorine  or 
hydrochloric  acid,  chlorides  or  hypochlorites  in  smelting  iron,  either  by 
introducing  chlorine  into  the  blast-furnace,or  bringing  it  or  hydrochloric 
acid  in  contact  with  the  ores  when  being  roasted.  Chloride  of  sodium 
is  preferred,  though  any  cheap  chloride  or  hypochlorite  will  answer.  It 
is  recommended  to  employ  6  parts  by  weight  of  chloride  of  sodium  to 
200  parts  of  the  other  materials  of  the  charge.  The  effect  of  this  addi- 
tion, Mr.  Calvert  alleges,  is  to  remove  to  a  great  extent  the  phosphorus 
and  the  sulphur  with  which  the  sodium  unites  to  form  a  slag. 

The  process  with  common  salt  has  been  well  tried  on  the  large  scale 
at  the  Ebbw  Vale  Irou-works  under  Mr.  Calvert's  own  direction;  and 
the  information  which  I  have  received  on  the  subject  from  the  works 
is  that  no  advantage  resulted  from  the  nostrum  in  question.  The  same 
process  has  also  been  tested  by  Mr.  Levick;  and  Mr.  James,  his  blast- 
furnace manager,  informs  me  that  he  thought  the  result  was  beneficial 
rather  than  otherwise,  which  is  not  saying  much.    Mr.  James  con- 

fi  A  T).  1851,  Oct.  P.O.  Xo.  13,7»3.  Abridgment*  of  Pacifications  relating  to  tho 
Manufacture  of  Iron  and  Steel,  p.  111. 
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trived  an  ingenious  apparatus  for  injecting  the  salt  into  the  furnace 
through  the  back  twyer,  and  he  showed  me  an  actual  experiment  wiih 
it  at  one  of  the  Coalbrook  Vale  furnaces,  belonging  to  Mr.  Levick. 
The  Audio  at  the  mouth  seemed  to  increase  decidedly  in  yellowness. 
A  more  effective  method  of  trying  the  process  cannot,  I  should  think, 
be  imagined.  I  am  not  aware  whether  Mr.  Calvert  has  succeeded  in 
introducing  his  process  into  any  iron- works  of  importance.  Iron- 
masters and  blast-furnace  managers  have  rather  a  wholesome  dread  of 
blast-furnace  doctors,  especially  those  who  administer  nostrums  to 
remove  phosphorus  and  sulphur. 

Explosions  in  Blast- furnaces. 

During  the  last  few  years  several  explosions  have  occurred  in  various 
blast-furnaces  in  this  country,  and  have  for  the  most  part  been  duly 
chronicled  in  the  newspapers.  I  have  collected  the  following  records 
of  such  accidents  :— 

Mr.  S.  II.  Black  well  informed  me  that  about  the  year  1857  an 
explosion  occurred  at  a  blast-furnace  belonging  to  Messrs.  Riley  and 
Son,  Mill  Fields,  near  Bilston.  One  of  the  twyers  was  melted  off,  and 
the  molten  metal  in  the  hearth  was  ejected  from  the  furnace. 

At  one  of  the  Corbyn's-Hall  blast-furnaces.  Kings winford,  South 
Staffordshire,  there  was  an  explosion  on  Sunday  morning,  which  killed 
two  men  and  seriously  injured  four  others.  They  were  about  to 
proceed  with  tapping,  when  a  portion  of  the  fore-part  of  the  furnace 
was  Mown  out  with  a  loud  report,  and  at  the  same  instant  a  largo 
quantity,— many  tons,  it  is  stated, — of  molten  metal  and  cinder  was 
forced  out  with  great  velocity.  The  cause  of  the  accident  was  tho 
leakage  of  a  twyer  and  the  consequent  injection  of  water  into  the 
liquid  contents  of  the  hearth.    {The  limes.  May  1 1th,  1859.) 

At  one  of  the  three  blast-furnaces  of  Messrs.  Hickman,  Bilston, 
South  Staffordshire,  an  explosion  occurred  on  Sunday,  which  killed 
two  men,  and  severely  burnt  a  third  about  the  feet.  It  is  stated  that 
tapping  had  been  delayed  and  the  liquid  contents  of  the  hearth  had 
risen  up  to  the  water  twyers,  when  leakage  took  place,  followed  by 
the  escape  of  water  into  the  hearth.  Nearly  the  whole  of  the  molten 
metal  in  hearth,  which  amounted  to  about  5  tons,  was  driven  out  at 
the  fore-part,  it  is  said,  44  out  of  tho  tapping  place."  (Illustrated  Lon- 
don Nem,  July  14th,  1860.) 

On  Friday  night,  about  0  o'clock,  an  explosion  occurred  at  No.  5 
furnace,  Dundyvan  Iron-works,  near  Coatbridge,  in  the  ncighlxmrhood 
of  Airdrie,  Scotland.  Up  to  that  time  the  furnace,  it  is  stated,  was 
apparently  in  first-rate  working  order.  It  was  conjectured  that  44  in 
some  part  of  the  furnace  a  quantity  of  tho  contents  had  got  incrusted  to 
the  side," — or,  i.  e.  scaffolding  had  taken  place, — and  that  the  sudden 
falling  of  this  forced  out  the  molten  matter  in  the  hearth.  44  Three  men 
and  a  lad,  who  were  working  in  front  of  this,  were  all  overwhelmed  in 
an  instant  by  the  liquid  mass  of  scoria  and  ashes.  Tho  scene  which 
followed  was  heartrending  in  the  extreme.  Their  clothes  were  con- 
sumed, and  nearly  every  part  of  thoir  bodies  fearfully  scorched.  The5, 
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cries  were  pitiable,  and  the  men  ran  some  distance  from  the  place,  but 
the  poor  boy  could  not  escape.  With  some  difficulty,  however,  he  was 
extricated  and  taken  homo,  but  died  within  an  hour  afterwards.  The 
three  men  lingered  in  excruciating  pain  till  Saturday,  when  they  ex- 
pired." (Times,  March  14th,  1800.)  From  private  information  which  I 
received,  the  cause  of  the  accident  seems  to  have  been  leakage  of  a  twyer. 

At  the  Hoyford  Iron-works,  near  W'eedon,  Northamptonshire,  an 
explosion  occurred  on  Wednesday  morning,  October  1 0,  at  one  of  the 
blast-furnaces,  whereby  one  man  was  killed  and  another  seriously 
injured.  A  large  quantity  of  molten  iron  and  cinder  was  blown  out  at 
the  fore-part ;  and  such  was  the  force  of  the  explosion,  that  some  of  the 
iron,  cinder,  and  coke,  fell  at  a  distance  of  200  yards.  The  accident 
was  clearly  traced  to  the  escape  of  water  from  a  twyer;  but  a  witness 
at  the  coroners  inquest  deposed,  that  "  ho  could  not  say  whether  the 
twyer  was  in  any  way  defective,  as  the  end  of  it  had  been  destroyed  by 
the  action  of  fire  since  the  explosion."  It  would  have  been  desirable  to 
have  asked  this  witness  how  he  knew  that  the  destruction  of  the  end  of 
the  twyer  had  not  preceded  the  accident  ?  The  foreman  of  the  furnace 
admitted  that  the  twyer  was  44  burnt,"  and  yet  declared  that  the  water 
was  running  properly  through  at  20  minutes  before  the  explosion  and 
immediately  afterwards.  It  was  conjectured  that  the  supply  of  water  to 
this  twyer  might  have  failed  from  somo  accidental  circumstance,  such  as 
the  obstruction  by  a  weed,  or  other  substance,  which  had  been  carried 
down  from  the  cistern,  or  by  the  inadvertent  shutting  of  a  cock. 
(Times,  Oct.  12th  and  14th,  1801.)  The  fertility  of  invention  which 
witnesses  occasionally  display  in  suggesting  possibilities,  especially 
beforo  a  coroner's  jury,  is  remarkable  as  well  as  amusing. 

I  have  made  particular  enquiries  of  persons  practically  acquainted 
with  the  working  of  blast-furnaces,  respecting  the  causes  of  ex- 
plosions liko  thoso  just  described ;  and  the  answer  has  generally 
been  44  leaky  twyer  with  rising  of  the  hearth."  If  the  44  bear," 
i.  e.  the  ferriferous  mass  which  forms  in  the  hearth,  is  allowed  to 
accumulate  to  too  great  an  extent,  the  bottom  of  the  hearth  is  liable 
to  be  raised  in  such  a  degree  as  to  bring  even  the  molten  metal  in 
contact  with  the  ends  of  the  water  twyers,  whereby  they  are  speedily 
burnt  away,  and  water  freely  escapes  into  the  furnace.  The  result 
will  inevitably  bo  an  explosion  from  the  rapid  generation  of  steam,  and 
here  is  a  vera  causa  which  seems  adequate  to  account  for  the  fact.  Somo 
effect  may  be  duo  to  the  evolution  of  hydrogen  by  the  action  of 
the  molten  metal  on  the  water ;  but  that,  I  apprehend,  will  be  com- 
paratively small.  Leaky  twyers  may  arise  from  other  causes  than 
a  rising  hearth,  as,  for  example,  the  unwelding  of  the  iron,  the  gradual 
destruction  of  the  end  by  oxidation,  in  spite  of  the  cooling  effect  of  the 
water  circulating  within,  etc.  Rising  of  the  hearth  was  the  cause 
assigned  on  good  authority,  both  at  the  Corbyn  s-Ilall  and  the  Bilston 
furnaces.  It  implies  neglect  on  the  part  of  the  furnace  manager,  and 
arises  from  the  desire  to  defer  the  blowing  out  of  the  furnace  in  order 
to  removo  tho  bear  and  effect  necessary  repairs  to  the  latest  possible 
period,  notwithstanding  the  risk  of  explosion  thereby  incurred.  In 
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future  inquests  connected  with  blast-furnace  explosions,  it  is  to  be 
hoped  that  the  condition  of  the  hearth  will  be  the  subject  of  special 
investigation. 

I  submitted  the  foregoing  observations  to  my  friend,  Mr.  Menelaus, 
of  the  Dowlais  Iron-works,  and  received  from  him  the  following 
valuable  comments  in  reply  : — 

44 1  have  read  the  proofs  with  several  of  our  agents  and  men  who 
understand  such  matters,  and  I  give  you  below  the  substance  of  their 
remarks,  with  which  I  quite  agree.  With  regard  to  explosions  in 
blast-furnaces,  we  agree  with  you  that  the  direct  cause  is  leaky 
twyers.  We  do  not  think,  however,  that  the  state  of  the  furnace  has 
anything  to  do  with  it,  and  your  remarks  about  furnace  managers 
keeping  in  furnaces  too  long  are  beside  the  question.  Leaky  twyers 
are  quite  common,  and  the  water  from  the  twyers  sometimes  even 
runs  out  under  the  tymp  harmlessly,  as  far  as  causing  any  explosion. 
We  believe  that  it  is  only  when  the  nose  of  the  twyer — being  wet — 
drops  off  and  sinks  into  the  molten  iron,  or  when,  through  the  fall  of 
a  scaffold,  some  wet  material  is  carried  down  under  the  surface  of  the 
iron,  that  an  explosion  can  possibly  take  place.  As  you  well  know,  in 
uiauy  of  the  operations  in  iron-making  water  is  thrown  upon  the 
surface  of  molten  iron,  such  as  in  the  puddling  furnaces  nnd  the 
refinery  mould.  If  in  throwing  water  on  the  iron  there  is  a  small  por- 
tion of  cinder  on  iron  in  the  bucket,  it  is  certain  to  cause  an  explosion 
more  or  less  violent,  in  some  cases  fatal  to  life.  The  piece  of  wet 
material,  from  the  force  with  which  tho  water  is  thrown,  is  carried 
under  the  surface  of  tho  iron  and  causes  the  explosion.  A  wet  bar 
thrust  into  the  iron  has  the  same  effect.  The  men  well  knowing  this 
are  exceedingly  careful  in  swilling  out  their  buckets,  and  in  obtaining 
clean  water  l>efore  throwing  it  on  molten  iron.  With  all  this  care, 
however,  explosions  —  particularly  at  refineries  —  are  of  frequent 
occurrence.  We  have  had  two  persons  killed  in  this  way  within  tho 
last  few  years,  and  several  violent  explosions,  not  attended  with  fatal 
consequences,  have  taken  place. 

"You  will  see  that  our  argument  is,  that  if  even  all  the  twyers  are 
leaking — which  is  sometimes  the  case  — through  the  water  being  acci- 
dentally stopped  for  a  short  period,  no  explosion  will  take  place  ;  and, 
knowing  the  effect  of  even  a  small  piece  of  damp  material  getting 
under  the  surface  of  molten  iron  in  the  finery  mould  or  puddling  fur- 
nace, we  argue  that  explosions  in  the  blast-furnace  proceed  from  tho 
same  cause. 

"  With  regard  to  the  cause  of  leaky  twyers,  they  do  not  arise  from 
a  rising  of  the  hearth  :  from  practical  reasons  this  can  have  no  possible 
influence  upon  the  twyer.  Your  other  explanation  is  correct.  Leaks 
arise  entirely  from  defective  welding  in  the  twyer,  from  oxidation, 
and  sometimes  from  internal  deposit. 

"  I  come  now  to  explosions  outside  the  blast-furnace,  say  in  the 
blast  pipes  and  blowing  engines. 

II  When  the  blowing  engine  is  stopped,  the  men  immediately  pull 
down  the  nozzles  from  the  twyers,  so  as  to  cut  off  with  certainty  all  * 
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communication  between  the  blast  pipes  and  the  furnace.  If  this  is 
not  done,  there  is  a  risk  of  the  gases  from  the  furnace  finding  their 
way  back  into  the  large  blast  pipes,  receivers,  and  blowing  cylinders, 
thereby  forming  an  explosive  mixture.  If  this  is  accidentally  ignited 
a  violent  explosion  takes  place,  blowing  to  pieces  the  blast  pipes,  the 
receivers,  and,  in  some  cases,  the  blowing  cylinder  itself.  At  Dowlais, 
within  the  last  ten  years,  we  have  had  two  receivers  blown  up,  a  line 
of  blast  pipes  5  ft.  in  diameter  burst  in  several  places,  and  the  cover 
of  one  of  our  12  ft.  diameter  blowing  cylinders  blown  off,  and  serious 
damage  done  to  the  engine.  To  prevent  as  far  as  possible  the  recur- 
rence of  such  accidents,  the  men,  upon  the  stoppage  of  the  engine,  at 
once  pull  down  the  nozzles ;  and  as  a  further  precaution,  we  have  cut 
holes  in  the  top  of  the  large  blast  pipes  of  about  G  in.  diameter  every 
few  feet ;  these  holes  are  closed  with  leather  flap  valves  on  the  inside, 
which  open  immediately  on  the  stoppage  of  the  engine,  and  prevent, 
to  a  great  extent,  the  accumulation  of  gas  inside  the  pipes :  still,  with 
all  these  precautions,  slight  explosions  sometimes  occur." 

I  again  addressed  Mr.  MenelaiiB  on  this  important  subject,  and  subjoin 
his  second  letter  in  answer  : — 

M  I  have  had  another  talk  with  our  people  over  the  matter  relating 
to  explosions  in  blast-furnaces. 

M  If  your  theory,  as  I  understand  it,  is  correct,  explosions  in  blast- 
furnaces would  bo  of  frequent  occurrence.  Bad  hearths  are  but  too 
common,  not  because  there  is  a  large  '  horse 1  bear)  in  the 

hearth,  but  on  account  of  irregular  working  and  scaffolding  of  the  fur- 
nace (occasioned  mainly  through  bad  filling),  the  bottom  of  the  hearth 
rises  temporarily  sometimes  even  above  the  lino  of  twyers.  When 
this  happens,  tbat  is,  when  it  becomes  impossible  to  blow  with  the 
twyers  in  the  ordinary  position,  new  twyers  are  put  in  at  a  higher 
level,  and  they  are  lowered  as  the  bottom  falls,  so  as  to  keep  them 
within  from  G  in.  to  a  foot  above  the  surface  of  the  accumulation  in 
the  hearth,  until  the  hearth  comes  to  its  original  level.  The  old 
twyers  are  thou  opened,  and  they  are  found  generally  uninjured. 

"  First,  you  will  obseivo  that  owing  to  ordinary  and  temporary 
derangement  of  the  working  of  the  furnace  the  iron  sometimes  rises 
above  the  twyers  and  shuts  them,  often  leaving  the  twyers  uninjured? 
and  as  a  fact,  a  twyer  leaking  when  the  furnace  is  in  this  condition 
does  not  necessarily  cause  an  explosion. 

"  Now,  in  working  a  number  of  furnaces,  we  frequently  have  the 
iron  rising  over  the  twyers,  as  explained  above,  and  we  frequently 
also  have  a  twyer  leaking  v*hen  the  furnace  is  in  this  condition;  but 
there  has  been  no  instance  of  an  explosion  in  a  furnace  at  Dowlais 
from  this  cause  ;  and  owing  to  scarcity  of  water  in  the  summer,  and  to 
its  dirty  condition,  we  have,  unfortunately,  often  leaky  twyers. 

41 1  am  quite  satisfied  that  water  is  the  cause  of  explosions  in  blast- 
furnaces when  they  occur.    I  believe  there  is  no  instance  of  an  explo- 
sion occurring  in  a  cold-blast-furnace  where  water  twyers  are  not  used. 
If  you  suppose  the  end  of  a  twyer  suddenly  burnt  oft*,  that  is,  a  simple 
'opening  from  the  twyer  into  the  furnace,  no  explosion  will  take  place, 
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unless,  as  I  believe,  a  portion  of  wet  or  damp  material  get*  under  the 
surface  of  the  iron.  If  an  explosion  could  be  possibly  caused  by  even 
a  large  volume  of  water  being  projected  under  pressure  into  the  fur- 
nace, we  should  have  them  certainly  every  month.  Of  course  it  is 
difficult  to  understand  how  a  small  bit  of  wet  cinder  or  iron,  getting 
under  the  surface  of  molten  metal,  can  be  the  cause  of  su.  h  violent 
explosions  as  sometimes  occur,  but  there  can  be  little  doubt,  from  our 
experience  in  refinery  accidents,  that  they  are  occasioned  in  this  way.'* 

The  following  singular  instance  of  an  explosion  in  France  has  been 
recorded  by  M.  Sauvage.7  Torrefied  wood  was  the  fuel  used,  and  the 
waste  gas  was  taken  off  at  the  top.  The  furnace  worked  irregularly. 
A  minute  before  the  explosion  a  projection  took  place  at  the  twyer, 
the  twyer-hole  having  always  remained  open.  The  gases  which  sur- 
rounded the  hot-blast  apparatus  exploded,  and  a  current  of  gas  escaped 
from  the  tymp.  Then  began  projections  from  the  mouth  which  lasted 
about  two  minutes.  The  furnace  was  almost  entirely  emptied.  At  the 
same  moment  also  blue  flames  proceeded  from  tho  passages  and  cracks 
in  the  brickwork.  It  was  supposed  that,  scaffolding  having  occurred, 
a  quantity  of  wood  suddenly  dropped  down  into  a  much  hotter  part  of 
the  furnace,  when  tho  result  would  be  the  generation  of  a  large  amount 
of  gaseous  matter,  which,  being  imprisoned,  as  it  were,  in  the  pasty 
materials  of  the  furnace,  might  cause  a  series  of  explosions. 

An  explosion  occurred  at  a  blast-furnace  at  Vanvey,  Cote-d'Or, 
France.*  Charcoal  was  the  fuel  employed,  and  the  waste  gas  was 
taken  off  by  an  arrangement  which  is  stated  to  have  caused  an  irre- 
gular distribution  of  ore  and  fuel,  and  consequent  tendency  to  scaffold- 
ing After  a  long  continuance  of  irregularity  in  tho  working  of  this 
furnace,  as  manifested  by  frequent  intermittence  in  the  descent  of  tho 
charges,  and  by  corresponding  irregularity  in  the  daily  mako,  the  molten 
pig-iron  and  slag,  which  filled  the  hearth,  were  suddenly  expelled  with 
great  force  from  the  tymp.  Three  men,  who  were  preparing  for  the 
cast,  were  seriously  injured,  and  one  died.  Tho  accident  was  attributed 
to  a  sudden  fall  of  a  mass  of  materials,  which  had  scaffolded. 

The  subjoined  account  appeared  in  tho  Times  of  May  2">th,  1 8.">9, 
quoted  from  the  Birmingham  /W  : — 

On  Sunday  afternoon,  about  5,  an  explosion  took  place  at  Earl 
Granville's  Old  Blast-Furnaces,  Etruria-road,  Ilanley,  which,  though 
happily  involving  no  loss  of  life,  has  occasioned  tho  sacrifice  of  a  large 
amount  of  money  and  property,  and  the  labour  of  a  number  of  men  for 
some  time  to  come.  It  appeared  that  while  the  mon  were  casting 
from  one  of  the  furnaces,  the  engine  which  supplied  the  hot  air  for 
blasting  stopped,  and  either  the  valvo  was  neglected  to  bo  turned  to 
shut  off  the  hot  air  into  tho  receiver,  or  the  valve  was  out  of 'order  and 
would  not  act,  or  from  some  other  cause,  which  has  not  been  yet  ascer- 
tained, the  foul  gasand  sulphur*  which  had  accumulated  in  tho  furnaces 


'  Ann.  des  Mines,  3. 8. 19.  p.  1G7.  1841. 
"  Hml.,p.  179. 

'  The  word  >mlphur  ia  commonly  np 
plied  in  Staffordshire  to  various  ngetltfl  of 


mischief  which  may  not  contain  a  particle 
of  that  element.  Thus  tire-damp  is  alwovs 
designated  milphnr  l»y  the  Shiffordshio 
(jolliers.    This  use  of  the  word  i*,probaM> 
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passed  through  the  pipes,  the  valve,  and  into  the  receiver,  and  being 
heated  by  the  pipes,  it  caused  the  receiver  to  explode  with  terrific 
effect.  The  receivor  and  part  of  the  engine  were  shattered  to  atoms, 
and  fragments  wore  strewn  in  all  directions,  some  to  the  middle  of  the 
old  race-course,  several  hundred  yards  off.  The  building  in  which 
the  engine  and  receiver  stood,  which  was  a  three-storied  one  and 
strongly  built,  was  shaken  to  its  foundations  ;  the  roof  raised  two  feet, 
but  directly  dropped  to  its  former  position,  except  in  the  centre,  just 
over  the  engine,  where  a  large  portion  was  blown  clean  away;  the 
floors  and  ceilings  were  broken  into  shreds,  the  walls  were  shaken 
and  split  on  each  side,  and  a  good  portion  of  that  side  nearest  the 
engine  tumbled  to  pieces;  the  windows  were  shattered  to  bits,  and 
tho  whole  building  and  extensive  machinery  for  a  time  rendered  use- 
less. The  explosion  was  heard  at  a  distance  of  between  two  and  three 
miles,  and  it  shook  the  earth  for  several  hundred  yards  around.  For- 
tunately no  ono  was  injured,  though  some  sixty  men  were  at  work  in 
the  casting-house,  fifty  yards  from  the  scene  of  the  disaster,  and  the 
engineer  was  at  the  moment  engaged  in  oiling  some  portion  of  the 
machinery  at  the  top  of  the  building.  The  noise  attracted  to  the  spot 
some  hundreds  of  people,  who  appeared  to  look  with  great  interest  on 
the  ruins  which  tho  explosion  had  caused.  The  men  were  set  to  work 
yesterday  morning  to  clear  away  tho  debri%  and  as  soon  as  possible, 
we  believe,  a  new  house  and  new  machinery  will  be  constructed ;  but 
it  will  be  a  long  time  before  the  damage  can  be  fully  repaired,  or  the 
men  who  have  been  by  this  accident  thrown  out  of  employ  be  again  at 
work.  Wo  have  heard  that  the  loss  which  will  be  sustained  by  this 
explosion  will  be  nearly  10,000/.,  but  it  is  impossible  in  the  present 
state  of  affairs  to  make  a  correct  calculation ;  probably  that  sum  is  an 
over  estimate. 

Poisoning  by  the  Gas  accidentally  escaping  fbom  the  Blast-furnace. 

This  is  a  subject  on  which  it  is  important  that  persons  having  the 
direction  of  blast-furnaces  should  be  correctly  informed  ;  and  I,  there- 
fore, present  in  extenso  tho  following  account  of  a  remarkable  case  of 
fatal  poisoning  by  the  gas  evolved  from  theso  furnaces,  which  appeared 
in  tho  Times  of  December  bth,  1853. 

11  On  Saturday  last  Mr.  T.  Badger,  coroner  of  the  Sheffield  district, 
held  a  judicial  inquiry  at  Elsecar  into  tho  circumstances  attending  the 
deaths  of  Phoebe  Sadler,  aged  53 ;  her  daughter  and  son,  Ann  Sadler, 
aged  19,  and  John  Sadler,  15  ;  and  a  lodger  named  Warrick,  aged  48 ; 
all  of  whom  were  suffocated  in  their  bedrooms  during  the  night  of 


derived  from  tho  superstitious  tielief  of 
fonuer  times,  tlrnt  the  devil  was  the  prime 
cause  of  the  disasters  connected  with  the 
operations  of  fire  in  metallurgical  works 
and  collieries.  The  devil  and  brimstone 
are  still  invariably  associated  in  the  popu- 
lar mind;  and  nur.-emaids  even  now-a- 


and  they  M  smell  the  brimstone." 

The  foregoing  description  of  the  explo 
sion  is  not  so  intelligible  as  it  might  be; 
yet  enough  is  stated  to  render  it  probable 
that  the  accident  wns  caused  by  the  efflux 
of  the  gas  of  the  furnace  and  its  accumula- 
tion in  the  blast-pipes  and  regulator  to  a 


chiys  inspire  children  with  terror  by  de-  |  sufficient  extent  to  produce  an  explosive 
claring  that  the  "Devil  is  at  their  elbow,"    mixture  therein  with  atmospheric  air. 
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Thursday  last.  Else  car  is  a  populous  village  situate  between  Bother- 
ham  and  Barnsley.  The  Elsecar  Iron-works  are  close  to  the  village, 
and  about  a  mile  distant  are  the  Milton  Iron-works.  Both  properties 
belong  to  Earl  Fitzwilliam,  and  are  occupied  and  worked  by  Messrs. 
Vi .  II.  and  G.  Dawes.  The  most  northern  of  a  short  row  of  houses 
abuts  upon  one  of  the  blast-furnaces  at  the  Elsecar  Iron-works.  This 
house  was  occupied  by  the  four  deceased  pei*sons  and  Benjamin  Sadler, 
aged  12,  son  of  Phoebe  Sadler.  Benjamin  Sadler  is  employed  at  the 
Milton  Iron-works,  and,  being  on  the  *  night  shift,'  left  homo  to  go  to 
his  work  a  little  after  six  o'clock  on  Thursday  evening.  The  rest  of 
the  family  retired  to  rest  about  ten  o'clock,  being  then  in  their  usual 
health.  Mrs.  Sadler  and  her  daughter  and  son,  the  latter  of  whom  was 
lame,  occupied  a  bed  in  the  front  bedroom,  and  Warrick,  the  lodger, 
slept  alone  in  the  back  bedroom.  Benjamin  Sadler  returned  from  his 
work  at  half- past  seven  o'clock  on  Friday  morning.  His  knocks  for 
admittance  received  no  answer,  and  after  alarming  some  of  the  neigh- 
bours he  entered  the  house  through  the  kitchen  window,  and  went  up 
stairs.  The  spectacle  which  there  met  his  sight  smote  his  young  heart 
with  dismay.  Mother,  sister,  brother,  and  lodger, — all  were  corpses. 
The  lodger  was  tying  upon  his  back  on  the  floor  at  the  foot  of  his  bed  : 
Mrs.  Sadler  and  her  son  John  were  lying  at  the  foot  of  their  bed, 
clasped  in  each  other's  arms  ;  the  sister  lay  on  the  bed,  having,  to  all 
appearance,  passed  undisturbedly  from  the  slumber  of  repose  to  that 
of  death.  All  the  rooms  were  filled  with  white  vapour,  and  the  air 
was  strongly  impregnated  with  sulphur.  Several  persons  who  entered 
the  house  shortly  after  the  boy  observed  white  vapour  issuing  from 
crevices  in  the  wall  just  above  the  floor  both  of  the  house  and  kitchen. 
The  bodies  appeared  to  have  been  dead  five  or  six  hours.  The  fol- 
lowing is  the  evidence  of  Mr.  James  Haywood,  professional  chemist, 
Sheffield  ;— 

" '  I  have  this  (Saturday)  afternoon  examined  tho  premises  where 
the  dead  bodies  are  lying.  Tho  house  consists  of  two  lower  rooms  and 
two  bedrooms,  the  north  wall  of  the  lower  rooms  being  built  against 
the  side  of  the  stack  of  the  blast  furnace,  and  tho  same  wall  of  the 
upper  rooms  being  connected  with  the  furnace  by  an  arch  and  a  quan- 
tity of  brickwork  three  feet  thick.  The  level  of  the  ground  is  about 
twenty  feet  from  the  bottom  of  the  furnace.  At  this  point,  immedi- 
ately connected  with  the  house-wall,  there  is  a  largo  crack,  discharging 
vapour,  in  which  I  could  recognize  the  odour  of  cyanide  of  potassium. 
There  is  another  crack  in  the  brickwork  of  the  house  wall,  through 
which  also  this  vapour  is  passing.  The  brickwork  of  tho  wall  is  so 
loose  that  any  discharge  of  vapour  or  gas  from  the  furnace  might  find 
its  way  not  only  through  this  crack,  but  through  many  others.  I  have 
no  doubt,  from  the  evidence  I  have  heard,  as  well  as  from  having 
detected  eyanide  of  potassium,  that  the  deaths  of  these  persons  have 
resulted  from  inhaling  the  vapour  of  cyanide  of  potassium.  My  opinion 
is  confirmed  by  the  following  facts : — There  being  a  fire  burning  in 
the  house  all  night  would  show  that  they  have  not  died  from  inhaling 
combustible  gases,  as  the  fire  would  have  inflamed  any  such  gases 
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issuing  from  the  furnace  in  a  sufficient  quantity  to  cause  death  ;  ami 
to  my  knowledge  there  is  always  a  large  quantity  of  vapour  of  cyanide 
of  potassium  in  the  lower  part  of  a  smelting  furnace,  which  vapour 
is  highly  poisonous.  A  very  small  quantity — I  should  say  one  ounce 
— of  cyanide  of  potassium,  converted  into  vapour,  would  kill  the 
deceased.' 

**  The  furnace  stack  is  old  and  dilapidated,  being  screwed  together 
with  girder  rods,  to  prevent  its  opening  from  being  expanded  with 
heat,  but  it  does  not  appear  that  any  annoyance  had  been  previously 
suffered  by  the  inmates  of  the  house  from  sulphur.  The  Jury  returned 
a  verdict — 'That  death  liad  been  caused  by  inhaling  the  vapour  of 
cyanide  of  potassium.' 

Dr.  Taylor  is  of  opinion,  that  death  in  this  case  was  due  to  the 
action  of  carbonic  oxide,  and  not  of  cyanide  of  potassium  ;  for,  he 
observes  that,  as  this  salt,  which  is  only  evolved  from  the  lower  part, 
of  iron-furnaces,  is  not  volatile  below  a  white-heat,  it  cannot  l>e  carried 
far  without  condensation  ;  and  it  is,  therefore,  difficult  to  conceive 
how  it  could  exist  and  spread  itself  in  the  form  of  a  respirable  vapour 
through  the  air  of  the  apartments  in  which  the  deceased  weie  sleep- 
ing.1 Now,  admitting  that  the  salt  would  be  speedily  condensed 
after  escaping  from  tho  furnace,  yet  it  might  remain  diffused  through 
the  air  in  a  state  of  extremely  fine  division,  and  be  conveyed,  1 
apprehend,  even  to  a  considerable  distance.  Thus,  chloride  of  sodium, 
it  is  well  known,  has  been  transported  from  the  sea  in  suspension  in 
the  atmosphere  far  inland.  Moreover,  in  the  laboratory,  solid  matter, 
which  is  poifectly  fixed  at  ordinary  temperatures,  is  often  finely 
diffused  through  the  air,  so  as  to  be  everywhere  sensible  by  its  action 
upon  the  organs  of  respiration.  When,  for  example,  only  a  minute 
fragment,  of  sodium  is  burned  even  in  a  large  apartment,  an  irritating 
effect  is  almost  immediately  produced  upon  those  organs,  due  to 
minute  particles  of  soda  floating  in  the  air.  Hence,  the  argument 
of  Dr.  Taylor  against  the  supposition  of  poisoning  by  cyanide  of 
potassium,  in  tho  case  in  question,  on  tho  ground  of  its  non-volatility, 
except  at  a  very  high  temperature,  is  not  so  conclusive  as  it  might 
at  first  appear.  Besides,  that  argument  is  further  opposed  to  the 
positive  statement  of  tho  chemical  witness  that  he  recognised  the 
odour  of  cyanide  of  potassium  in  tho  vapour  discharged  from  a  large 
crack  in  the  furnace,  and  that  this  vapour  was  seen  to  pass  through 
another  crack  in  the  brickwork  of  the  house-wall  adjoining.  There 
was  nothing,  so  far  as  I  can  judge,  in  the  appearance  of  the  corpses 
incompatible  with  poisoning  by  cyanide  of  potassium.  In  one  case,  of  a 
woman  killed  by  this  poison,  recorded  by  Dr.  Taylor,  14  the  appearance 
of  the  body  was  so  natural  even  on  the  day  following  death,  that 
some  of  her  friends  supposed  there  might  still  be  life."  ■ 

But,  whatever  opinion  may  be  entertained  concerning  the  verdict  of 


1  Medical  Jurisprudence,  by  Alfred  8.  I  furnishing  mo  with  vnrious  references  to 
T.iylnr,  M.D.,  F.R.K.    2ml  ed.  p.  715.    I    publwhed  papers  on  the  powouous  action 
have  pleasure  in  neknowledging  the  kind    of  carbonic  oxide, 
and  prompt  awiatance  of  Dr.  Taylor  in  I     2  Op.  cit.  p.  713. 
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the  coroner's  jury  in  the  Elaecar  case,  that  death  was  occasioned  by 
the  inhalation  of  cyanide  of  potassium,  it  is  certain  that  any  of  this  salt 
which  might  have  found  its  way  from  the  furnace  into  the  adjoining 
dwelling  house  must  have  been  accompanied  with  another  poisonous 
agent  in  an  amply  sufficient  degree  rapidly  to  destroy  life,  and  that  is 
carbonic  oxide.  It  is  this  gas,  or  the  nitrogen  from  deoxidized  air, 
that  Dr.  Taylor  considers  the  more  probable  agent  of  destruction  in 
the  case  in  question.  Nitrogen  kills  simply  by  the  negation  of  oxygen, 
whereas  carbonic  oxide  is  stated  lo  be  a  formidable  positive  poison.  As 
this  gas  now  plays  so  important  a  part  in  many  metallurgical  operations, 
it  is  desirable  that  correct  information  should  prevail  upon  tho  subject. 

Dr.  Cbristison  states  that  44  this  gas  certainly  appears  to  be  very 
deleterious  when  breathed  by  man,"  and,  in  proof,  he  cites  the  follow- 
ing experiments  upon  it,  which  were  made  in  Dublin.*  One  gentleman, 
after  inhaling  it  two  or  three  times,  was  seized  with  giddiness,  tremors, 
and  an  approach  to  insensibility,  succeeded  by  languor,  weakness,  and 
headache  of  some  hours'  duration.  Another  gentleman,  having  pre- 
viously exhausted  his  lungs,  inhaled  tho  pure  gas  three  or  four  times, 
when  he  was  suddenly  deprived  of  sense  and  motion,  fell  down  supine, 
and  continued  for  half  an  hour  insensible,  apparently  lifeless,  and  with 
the  pulse  nearly  extinct.  Various  means  were  tried  for  rousing  him, 
without  success  ;  till  at  last  oxygen  gas  was  blown  into  his  lungs. 
Animation  then  quickly  returned;  but  he  was  affected  for  the  rest 
of  the  day  with  convulsive  agitation  of  tho  body,  stupor,  violent  head- 
ache, and  quick  irregular  pulse ;  and  after  his  senses  were  quite  re- 
stored, he  suffered  from  giddiness,  blindness,  nausea,  alternate  heats 
and  chills,  succeeded  by  feverish,  broken,  but  irresistible  sleep. 

In  1841,  M.  Dupuis  Delcourt,  a  French  aerostat,  ascended  in  a 
balloon  inflated  with  gas  produced  by  tho  action  of  water  on  incan- 
descent charcoal,  and  which  consists  chiefly  of  carbonic  oxide  and 
hydrogen.  The  ascent  was  rapid,  and  gas  escaped  from  tho  orifice 
immediately  above  tho  car.  Scarcely  had  he  commenced  his  fourth 
barometrical  observation  than  he  became  senseless,  and  had  not  com- 
pletely recovered  when  the  balloon  reached  the  earth.  But  he  again 
lost  consciousness  in  consequence  of  the  imprudence  of  rustics,  who, 
having  run  to  his  assistance,  tore  ofT  the  lower  and  narrow  extremity. 
These  persons  were  themselves  victims,  and  suffered  from  incipient 
asphyxia,  Delcourt  was  not  restored  to  his  senses  until  withdrawn 
from  under  the  balloon,  and  he  continued  seriously  indisposed  for 
twenty-four  hours  afterwards.4  Hydrogen  is  comparatively  innocuous, 
and  may  be  respired  for  a  short  time  with  impunity  ;  and  tho  poisonous 
effect  in  this  instanco  was  attributed  solely  to  carbonic  oxide.  Some 
carbonic  acid  must  have  existed  in  tho  gas,  but  experiments  are  cited  to 
show  that  it  was  not  in  sufficient  proportion  to  have  produced  any 
decided  poisonous  effect. 

3  A  Treatise  on  Poisons.  By  Robert  I  l*Eoonomie  Animule.  Pur  M.  Alpli.  Cut- 
Christiann,  M.D.    3rd  ed.  p.  754.    1836.      raid    Atmnl<-s  d  Hygiene  Pnblique  i  t  de 

*  De  lEmploi  Industriel  de  l'Oxyde  de   Me'decine  Legale.    30.  p.  52.  1843. 
Carbone  et  do  P Action  de  ce  Gaz  »ur  I 
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According  to  Leblanc,  atmoKphcric  air  containing  only  4%  or  5\, 
of  its  volume  of  carbonic  oxide  destroys  a  sparrow  instantly;  and 
when  it  only  contains  1%  it  kills  a  bird  in  about  two  minutes.  If, 
at  the  moment  of  apparent  death,  the  animal  is  withdrawn  from  this 
deleterious  influence,  it  may  recover  ;  but  frequently,  the  "  phenomena 
of  parah  sation  "  do  not  disappear  until  after  the  lapse  of  several  hours. 
On  the  contrary,  atmospheric  air  mixed  with  l°/0  or  2%  of  marsh- 
gas  may  be  respired  with  apparent  impunity  during  £  considerable 
time.*  Loblanc  found  that  air,  rendered  fatal  to  life  bv  the  combustion 
of  charcoal,  had  tho  following  composition  by  weight : — 

Carbonic  oxide    0  54 

Marah-gus    0*01 

Carbonic  acid     4*61 

Oxvgeu    19-11* 

Nitrogen   75*62 

100-00 


In  such  an  atmosphere  a  dog  fell  exhausted  in  10  minutes,  and  in 
20  minutes  died,  although  a  candle  still  burned  with  undiminished 
brightness,  and  was  not  extinguished  until  10  minutes  after  the  death 
of  the  animal.  The  poisoning  in  this  case  was  attributed  to  this  small 
proportion  of  carbonic  oxide,  as  the  amount  of  carbonic  acid  was 
insufficient  to  destroy  life  so  rapidly. 

Bernard,  a  well-known  experimental  physiologist,  has  investigated 
the  action  of  carbonic  oxide  on  the  animal  system,  lie  pronounces  it 
to  bo  "one  of  the  most  poisonous  gases  known."  and  that  its  effect  is 
immediate,  yet  only  transitory ;  and  he  considers  that  in  cases  of  death 
from  exposure  to  tho  fumes  of  charcoal  it  has  been  the  chief  agent 
of  destruction,  and  not  carbonic  acid,  as  has  commonly  been  sup- 
posed.* In  support  of  tliis  conclusion  he  adduces  Leblanc's  experi- 
ment just  described,  and  others  by  himself.  A  bird  put  into  atmos- 
pheric air  containing  6  /  of  its  volume  of  carbonic  oxide  was  imme- 
d iately  convulsed  and  died  in  about  three  minutes,  the  convulsions 
lasting  all  the  while.  In  poisoning  by  carbonic  acid,  on  the  other 
hand,  convulsions  are  an  abnomial  symptom.  Bernard  showed  that 
blood  reddens  in  contact  with  carbonic  oxide  as  it  does  with  oxygen, 
but  blackens  in  the  presence  of  carbonic  acid :  and  that  the  blood  of 
animals  poisoned  by  tho  inhalation  of  carbonic  oxide  is  red.  This 
reddening  of  the  blow!  is  persistent,  and  Bernard  has  occasionally 
observed  it  to  continue  longer  than  three  weeks.  Whereas,  blood 
reddened  by  oxygen  acquires,  when  left  to  itself,  the  dark  colour  of 
venous  blood,  except  at  the  surface  where  it  is  in  direct  contact  with 
atmospheric  air.  According  to  the  experience  of  Bernard,  red  blood 
only  escapes  from  the  vein  in  poisoning  either  by  carbonic  oxide  or 
prussic  acid. 


*  Rtvhorclies  Mir  la  com|x>bition  dc  1'air  Toxiqnes  ot  Medicamentensps.    Pat  VL- 

confuui.    Par  M.  F<51ix  Leblane.    Ann.  Claude  Bernard,  Menibre  de  l'lrutitnt  de 

de  Cbim.  et  do  Pbys.  3.  a,  p.  230.    1842.  France.    1857,  p  157. 

fi  I,econs  sur  les  Effets  des  Substances 
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The  late  Mr.  Truran,  engineer  of  the  Dowlais  Iron-works,  lost  his 
life  through  the  escape  of  the  waste  gas  of  the  blast-furnace.  I  am 
indebted  for  the  following  account  of  the  accident  to  Mr.  William 
Menelaus,  manager  of  the  works  : — 

"  Mr.  Trunin's  death  happened  in  the  following  way.  A  portion  of 
the  ground  in  front  of  our  old  works  furnaces  is  an  old  cinder-tip, 
where  the  cinders  from  the  furnaces  had  been  thrown  when  they  were 
originally  blown  in.  Through  this  cinder-tip  we  made  a  large  brick 
culvert  for  conveying  the  waste  gases  to  the  forge  boilers.  We  find 
these  culverts  cheaper  than  pipes,  and,  on  the  whole,  they  answer  well. 
Mr.  Truran's  office  was  built  upon  the  old  cinder-tip,  about  from  ten  to 
fifteen  yards  from  the  side  of  the  culvert.  A  few  days  after  the  gas 
had  been  turned  through  the  culvert  Mr.  Tmran  went  to  his  office 
about  mid-day.  In  the  evening,  when  he  did  not  return  home  as 
usual,  his  family  made  search  for  him,  and  he  was  found  lying  dead 
on  the  floor  of  the  office.  He  had  been  sitting  at  his  desk  with  some 
drawings  before  him,  and  he  had  evidently,  from  having  been  overcome 
by  the  gas,  fallen  from  his  seat.  There  could  be  no  doubt  that  he  was 
poisoned  by  the  gas.  I  went  with  the  jury  to  the  office,  which  had 
been  locked  up  from  the  time  of  his  death,  and  the  smell  of  the  gas  was 
quite  perceptible,  and  the  atmosphere  of  the  office  so  disagreeable  that 
we  were  obliged  at  once  to  get  into  the  open  air.  As  our  forges  are 
below  the  level  of  the  bottom  of  the  furnaces,  the  gas  in  the  culverts 
is  under  considerable  pressure,  and  no  doubt  had  escaped  through  the 
new  brickwork  and  the  loose  cinder-tip  into  the  office.  N  ow  there  is 
littl  e  or  no  leakage." 

Mr.  Sandberg  informs  me  that  several  fatal  cases  of  poisoning  by  the 
gas  of  the  blast-furnace  have  occurred  in  Sweden.  There  was  a  sad 
instance  of  the  kind  in  1856,  at  the  iron-works  at  Kd  in  Smaland. 
Owing  to  a  defective  damper  somo  of  the  gas  accidentally  escaped  from 
the  top  of  a  gas  mine-kiln  unignited,  when  one  of  the  fillers  was  over- 
come by  it  and  fell  in  with  his  barrow ;  and  another  filler,  not  per- 
ceiving the  accident,  discharged  a  barrow  upon  him.  This  man  also 
inhaled  the  gas,  and  was  found  dead  at  the  top  of  the  kiln.  A  third 
man  was  affected,  but  recovered  through  speedy  medical  assistance. 
At  this  period  the  extremely  poisonous  nature  of  the  gas  was  not 
known  ;  but  of  late,  great  precautions  having  been  exercised,  no  similar 
accidents  have  taken  place. 

What  has  now  been  advanced  clearly  establishes  the  fact,  that  car- 
bonic  oxide  is  a  formidable  poison,  and  that  atmospheric  air  containing 
only  a  very  small  proportion  of  it,  even  far  less  than  would  suffice  to 
produce  an  explosive  mixture,  cannot  long  be  inhaled  without  danger 
to  life.  The  opinion  of  the  chemical  witness,  Iherefore,  at  tho  Elsecar 
inquest,  that  carbonic  oxide  coiild  not  have  been  the  cause  of  death, 
because  there  had  been  a  fire  in  the  house  which  would  have  ignited 
it,  necessarily  falls  to  the  ground.  The  probability,  it  seems  to  me, 
is  in  favour  of  the  conclusion  that  carbonic  oxide,  rather  than  cyanide 
of  potassium,  destroyed  the  lives  of  the  unfortunate  victims.  With 
regard  to  the  suggestion  of  Dr.  Taylor  that  nitrogen  may  have  h 
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the  agent  of  destruction,  I  have  only  to  remark  that  carbonic  oxide 
must  have  been  present  in  considerable  quantity,  and  with  such  a 
potent  vera  causa  at  hand,  there  appears  to  be  no  necessity  for  the 
nitrogen  hypothesis. 

Blast-funiaco  managers,  especially  whero  the  waste  gas  is  taken  off 
and  economized,  should  bear  in  mind  the  poisonous  effect  of  this  gas 
even  in  small  quantity.  Should  any  accident  arise  from  its  inhalation, 
the  patient  should  be  instantly  removed  from  its  influence,  and  con- 
veyed where  ho  may  breathe  as  pure  air  as  possible.  Everything 
about  the  neck  should  be  either  removed  or  loosened,  and  the  body 
should  be  kept  warm  by  friction  or  otherwise.  We  have  seen  that 
inflation  of  the  lungs  with  oxygen  appeared  to  save  life  in  one  case ; 
but  in  iron-works,  even  when  provided  with  chemical  laboratories,  this 
remedy  could  hardly  bo  prepared  in  time,  and  it  might,  therefore,  be 
desirable  to  keep  a  caoutchouc  bag  filled  with  oxygen  always  at  hand. 

ANALYSES  OF  VARIOUS  KINDS  OF  PIG-IRON. 

Spiegeleisen. 

This  variety  of  pig-iron  is  so  distinct  that  it  will  be  considered 
apart.  It  is  obtained  by  smelting  spathic  or  other  ores  rich  in  manga- 
nese, with  charcoal  as  the  fuel  for  what  are  considered  the  best 
qualities.  Many  details  on  this  subject  will  bo  found  in  the  descrip- 
tion of  the  Prussian  iron-works  by  Dr.  Wedding  in  the  sequel.  The 
following  selection  of  analyses  of  spiegeleisen  from  different  localities 
will  suflice  for  illustration  : — 

From  Mitten. — It  is  largely  produced  from  the  famous  spathic  ore  of 
Stahlberg,  near  Miiseu,  worked  by  the  Miisen  and  Cologne  Mining 
Company.    The  following  elaborate  analysis  of  this  spiegeleisen  is  by 


Fresenius7 : — 

Iron   82  -8(10 

Manganese   10  707 

Nickel   0*010 

Cobalt   trace 

Copper   0*006 

Aluminium   0*077 

Titanium    0  006 

Magnesium   0*045 

Calcium   0  091 

Potassium    0  063 

Sodium    trace 

Lithium    trace 

Arseuie    0  007 

Antimony    0-004 

Phosphorus   0  059 

Sulphur    0  014 

Nitrogen    0-014 

Silicon   0-997 

Carbon    4*323 

Silica,  existing  in  the  intermingled  slag    0  475 


Oxygen  combined  in  the  1  roses  of  the  slag,  viz.,  J 

alumina,  protoxide  of  iron,  protoxide  of  runnga-;  0  190 
nr-se,  lime,  magnesin,  and  alkalies  I 


99-954 


'<  From  u  printed  circular  of  the  Miisen  Company.  Date  of  the  analysis  Aug.  6,  1802. 
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I  am  somewhat  puzzled,  to  interpret  the  meaning  of  the  statement 
under  the  last  item.  The  oxygen  required  for  the  oxidation  of  the 
aluminium,  magnesium,  caleium,  and  potassium  amounts  to  0-149  ;  and 
if  Fresenius  considered  these  metals  to  exi.->t  as  oxides  in  intermingled 
slag,  I  do  not  understand  why  they  should  have  been  tabulated  as  if 
in  the  metallic  state.  Nor  is  it  clear  to  me  how  the  proportion  of 
intermingled  slug  should  have  been  quantitatively  determined  with  so 
much  precision.  Hut  Fresenius  has  had  great  experience  in  analysis, 
and  would  assuredly  not  publish  results  except  on  good  evidence. 
There  may  possibly  be  errors  due  to  the  scribe  or  the  printer  employed 
by  the  Musen  Company. 

Peters  has  given  the  following  average  composition  of  the  spathic 

ores  smelted  by  the  Miisen  Company  : — 8 

Silica    1-0*2 

Alumina   1 '  03 

Sesquioxide  of  iron    2  "75 

Protoxide  of  iron    52-12 

Protox  it  le  of  numganew    0-83 

Linio   1  *  /  5 

Magnesia    2*29 

Oxhie  of  zinc   0  04 

Carbonic  acid   35  •  92 

Phosphoric  ucid   0  •  54 

Bisnlphido  of  iron   0  22 

Water   0-45 

Organic  mutter    0*311 

100-55 


I  ron  %  in  the  raw  ore    4  2  •  SO 

do.         roasted  oro    61*80 

From  Theresienthal,  in  Bohemia.— By  Professor  R.  Itichter,  Leoben, 
Styria.' 

Carbon   2*811 

Silicon    2*782 

Manganese-    22  183 

No  other  details  are  given.  This  is  tho  only  analysis  of  spiegeleisen 
which  I  have  found  containing  anything  approaching  so  largo  an 
amount  of  manganese.  The  proportion  of  carbon  is  as  unusually  small 
as  that  of  silicon  is  largo  ;  and,  probably,  tho  latter  should  be  regarded 
as  replacing  the  former.  When  Professor  Tunner  was  in  London,  in 
1862,  I  informed  him  that  I  had  a  specimen  of  spiegeleisen  from  the 
United  States  containing  more  than  11%  of  manganese;  but  he 
appeared  somewhat  sceptical  as  to  tho  fact.  However,  while  he  was 
yet  here  the  preceding  analysis  made  in  the  laboratory  of  the  Mining 
School,  over  which  he  himself  presides,  was  published. 

From  Jauerhun/,  in  A'rain. — By  Professor  R.  Kiehtcr,  Leoben.1    This  is 

interesting  as  having  been  produced  in  the  smelting  of  slags  (Frisch- 

schlacke)  formed  during  tho  conversion  of  pig  into  malleable  iron  in 

the  charcoal  health  or  finery. 

Silicon    1-902 

Manganese    7 '  578 

Sulphur    0-073 

>  Jahres-Berieht.    Wagner,  1857,  p.  5. 
»  Berg  u.  UuUcnniannL-ehea  Jahrbnch.  Wien,  1802.  9.  p.  294.        1  Op.  pit.  p.  295. 


Digitized  by  Google 


534 


ANALYSES  OF  SPIEGELE1SEN. 


From  New  Jersey,  U.  S. — By  the  late  Mr.  T.  II.  Henry,  and  commu- 
nicated by  Mr.  E.  F.  Sanderson,  of  Sheffield.  It  is  a  highly  character- 
istic specimen,  and  was  obtained  in  smelting  Franklinite. 


Carbon    6 '900 

Silicon    0-100 

Manganese    11*500 

Sulphur   0  137 

Iron,  by  difference    81  '303 


100 '000 


Mr.  Henry  remarked  that  the  amount  of  carbon  and  manganese  was 
much  larger  than  he  had  previously  met  with,  and  that  the  number 
assigned  for  the  former  might  be  a  little  too  high,  although  he  had 
adopted  the  lowest  quantity  found. 

The  following  analysis  of  what  was  designated  "spathose  pig"  has 
been  made  and  communicated  by  Mr.  E.  Kiley.    The  locality  was  not 


stated  :— 

Silicon    O'O'.M) 

Manganese    11*56] 

Sulphur   traces 

Phosphorite    0*153 

Iron    84  540 


00-374 


The  carbon  was  not  determined,  but  if  it  be  deduced  ftom  the  defi- 
ciency it  will  bo  3-620. 

From  Germany,  the  precise  locality  hot  stated. — By  Mr.  Tookey,  in  my 
laboratory.    The  specimen  was  highly  characteristic. 


Carbon    4-770 

Silicon   0-820 

Manganese   11  -120 

Sulphur   traces 

Phosphorite    0*134 

Copper    0-310 


Kickel  and  cobalt  were  sought  for,  but  not  detected. 

From  Tow  Law,  Durham. — It  was  produced  in  Messrs.  Attwood  and 
Company's  furnaces  from  ores  Xos.  3  and  4  in  Table  V.  of  spathic  car- 
bonates. It  is  bright  white,  and  largely  lamellar  on  fracture,  but 
has  not  the  characters  of  typical  specimens  of  spiegeleiscn,  like  that 
from  Mu.scn.  The  cleavage  planes,  especially  when  examined  under  a 
lens  and  under  varying  directions  of  incident  light,  appeared  very 
minutely  granular,  suggesting  somewhat  the  appearance  of  the  cleavage 
planes  of  the  fracture  of  zinc  containing  iron.  The  analysis  was  made 
by  Mr.  Tookey  in  my  laboratory. 

Carbon'   4*100 

Silicon    0  230 

Manganese    2*370 

Sulphur   0*030 

Phosphorus    0  073 

Copper   0  014 

Two  determinations  of  the  silicon  were  made;  in  the  first  101*2 
giaiiis  of  the  iron  gave  0*54%  of  silica,  and  in  the  second  10f)  grains 
of  the  iron  gave  0\>67  of  silica.    Three  determinations  of  the  man- 
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ganese  were  made,  and  the  results  were  2*204%,  2  48%,  and  2*36% 
respectively. 


1 

n. 

in. 

2  705 

2*890 

3  040 

4*414 

5-739 

3  800 

0-039 

0*1  l!l 

0  058 

O'Uilil 

0-131 

0102 

Titanium   

tnoea 

0*020 

Nickel  with  trua*  of  ruhult  . . . 

0*040 

Maiigama*'   

l  -837 

1-330 

8*800 

90-581 

90*210 

89-380 

99-7ti8 

99-970 

99*080 

Analyses  by  Mr.  Kiley. — Tow  Law  grey  pig  No.  I.  found  specially 
adapted  for  the  Bessemer  process,  and  made  from  decomposed  spathic 
ore.  No.  II.,  glazed  pig,  found  better  for  the  Bessemer  process  than 
No.  III.    This  pig-iron  was  smelted  with  coke. 

In  the  Zollverein  department  of  the  International  Exhibition  of  18f>2 
were  specimens  of  spiegeleisen  smelted  with  a  mixture  of  charcoal 
and  coke,  and  with  coke  alone.  Dresler,  of  Siegen,  exhibited  speci- 
mens of  coke  spiegeleisen  made  from  a  mixture  of  ,*0  brown  iron  ore, 
and  Jv  spathic  ore.  For  100  parts  by  weight  of  spiegeleisen  were 
consumed  on  the  average  120  of  coke;  but  it  was  reported  that  with 
certain  qualities  of  ore,  from  80  to  100  parts  of  coke  sufliced  to  make 
100  pans  of  spiegeleisen.  There  are  two  small  furnaces  which  only 
continue  in  blast  for  a  year  at  a  time,  or  as  it  is  termed  a  campagne. 
luiring  the  first  3  months  charcoal  alone  is  used  as  fuel,  and  coke 
during  the  remaining  9  months.  The  average  daily  make  of  both 
furnaces  was  about  10  tons  or  so.  The  cleavage  planes  of  spiegel- 
eisen, made  entirely  with  coke  as  fuel,  appeared  somewhat  rough  on 
the  surface  as  compared  with  those  of  characteristic  charcoal  spiegel- 
eisen. It  has  been  erroneously  stated  that  the  intersecting  thin 
plates  of  the  latter  description  never  occur  in  c»  ko  spiegeleisen. 
The  slag  or  cinder  accompanying  the  formation  of  spiegeleisen, 
however  made,  is  always  green  from  the  presence  of  protoxide  of 
manganese  in  large  quantity.  Some  of  the  specimens  of  spiegeleisen 
in  the  Zollverein  department  of  the  Exhibition  were  really  miignifi- 
cent.    The  thickest  slab  was  7  jj  in.  in  thickness. 

From  Eisenerz,  Styria. — The  following  are  analyses,  by  Widtermann, 
of  pig-iron  from  a  blast-furnace  at  Eisenerz,  such  as  was  employed  at 
the  Krumbach  Iron-works,  near  Beichenau,  for  conversion  into  malleable 
iron  in  a  charcoal  finery,  with  slag  bottom  (Schwallboden).*  It  is  the 
variety  designated  by  tlio  Germans  14  grossluckige  Floss."  It  is  east  into 
rectangular  plates  2  in.  or  3  in.  thick  ;  it  is  bright  white,  but  not  specu- 
lar on  fracturo,  and  often  contains  numerous  cavities  (locherig  or 
luckig).  With  the  exception  of  being  richer  in  manganese,  it  is  very 
similar  in  composition  to  the  hist -described  specimen  from  Tow  Law. 


-  Jahtvub.,  L.  u.  K„  1853,  p.  722. 
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It  was  made,  I  presume,  from  spathic  carbonate,  but  the  details  of  its 
production  are  not  stated. 


#                    «.  6. 

Carbon                                3*79  8-83 

Silicon                                 0-34  0  41 

Sulphur                                 0-02  0  02 

Phosphorus                           0  07  0  04 

Manganese                              100  0  98 

Calcium                                 0*05  0'07 

Magnesium                            0-02  0  01 

Iron                                   04  57  94  68 

99'92  100-04 


Analyses  of  Tig-iron  mapk  from  Magnetic  Iron  Ore. 


Silicon... 
Sulphur 


Munganese , 
iron  


L 

II. 

4-809 

4-20 

0-170 

008 

trace 

trace 

0  122 

005 

1*987 

010 

92-900 

95  57 

100-000 

100-00 

I.  Smelted  with  charcoal  in  Sweden,  from  Dannemora  ores  of  mag- 
netic oxide  of  iron.  It  is  from  this  pig-iron  that  the  renowned  Swedish 
"  Hoop  L  "  bar-iron  is  produced.  The  analysis  was  made  by  the  late 
Mr.  T.  H.  Henry  for  Mr.  S.  II.  Blackwell,  by  whom  it  has  been  com- 
municated. II.  This  was  sent  to  me  as  spiegeleisen :  it  was  white 
and  lamellar  on  fracture,  somewhat  like  antimony,  except  near  the 
upper  surface,  whero  it  was  grey  and  finely  granular ;  there  were  no 
bright  cleavage  planes  as  in  good  characteristic  spiegeleisen.  Only 
the  white  portion  was  analysed.  The  analysis  was  made  by  Mr.  Tookey 
in  my  laboratory.  I  presume  that  this  hpecimen  had  been  derived  from 
magnetic  iron  ore,  although  it  was  not  so  specified. 

Analyses  of  Pig-Iron  made  from  Ked  Haematite. 


Oarbon] 


Sulphur .... 


IVr  cent. 

I. 

II. 

1  small,  but 

m. 

small,  but 

IV. 

V. 

nouc 

j  not 

not 

0  35  1 

3419 

|  determined 

determined 

3-22 

2-24 

2-30 

1-80 

3-02 

'-'•77 

2-72 

2  03 

I  034 

nouc 

001 

0  05 

010 

0*148 

0  00 

0-05 

0-05 

003 

trace 

011 

007 

trace 

0-07 

trace 

traces  1 

minute 

minute 

minute 

t  races  | 

traces 

traces 

traces 

Arsenic  

Copper  

L,  II.,  III.,  IV.  were  foundry-pig,  described  as  Nos.  1,  2,  3,  4, 
respectively,  made  by  the  Haematito  Iron  Company,  Whitehaven, 
Cumberland.  The  smelting,  I  believe,  was  with  hot-blast,  although 
it  is  not  ko  stated.    The  distinction  in  external  characters  between  II. 
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and  III.  was  not  well  marked,  and  analysis  shows  that  they  were 
nearly  identical.  All  these  analyses  were  made  at  the  Arsenal,  "under 
the  direction  of  my  friend  Mr.  Abel.  They  were  published  in  the 
Blue-book  entitled  4  Cast-Iron  Experiments.' a 

The  ore  stated  to  have  been  used  in  producing  these  samples  of  pig- 
iron  was  analysed,  and  the  results  are  as  follow : — 

Sesquioxide  of  iron    98 '  7 1 

Oxide  of  i 
Lime  . 

Phosphoric  acid 

Silica,  as  quartz   100 

99  71 

Metallic  iron  c/u    09' 10 

The  fuel  consisted  of  equal  parts  of  coke  from  Newcastle  and  of 
coke  manufactured  at  the  Works.  The  Newcastle  coke  was  hard  and 
lustrous,  and  contained  0-80%  of  sulphur,  and  yielded  4-45%  of  light 
red  ash,  consisting  of  silicate  of  alumina,  with  lime,  sesquioxide  of 
iron,  and  traces  of  magnesia  and  phosphoric  acid.  The  Whitehaven 
coke  was  more  friable  than  the  Newcastle  coke;  it  contained  1*38%  of 
sulphur,  and  yielded  12*1 6%  of  ash,  similar  in  composition  to  that 
stated  above,  but  without  any  appreciable  amount  of  phosphoric 
acid. 

The  flux  employed  consisted  of  a  mixture  of  Whitehaven  lime- 
stone and  black  shale  of  the  coal-measures,  consisting  of  clay  and  car- 
bonaceous matter  without  an  appreciable  amount  of  sulphur.  The 
limestone  was  fine-grained,  crystalline,  and  light  brownish-grey;  it 
contained  shells  of  terebratula.  Its  composition,  after  drying  at  100"  C, 
was  as  under : — 

Carbonate  of  lime    97 '03 

Carbonate  of  magnesia    1  *  03 

Carbonate  of  protoxide  of  iron   0*2-l 

Carbonate  of  protoxide  of  manganese   0  11 

Sulphate  of  lime   0  ■  07 

Phosphate  of  lime   trace 

Alumina   0'10 

Silica,  chiefly  as  sand    0*70 

Carbonaceous  matter   O'OO 

100  00 


The  chief  peculiarity  of  the  preceding  samples  of  pig-iron  is  the 
large  proportion  of  silicon  which  they  contained.  I  havo  previously 
discussed  tho  condition  under  which  silicon  passes  into  the  pig-iron ; 
and  that  condition,  it  will  be  remembered,  is  the  presenco  of  much 
free  silica  in  the  ore  unaccompanied  with  sufficient  basic  matters  fox- 
its  neutralization.  Tho  hard  red  haematites  often  contain  free  silica 
in  comparatively  large  proportion,  but  in  the  specimen  analysed  the 

3  July  30th,  1858.    As  I  shall  have  fre-    sake  of  abridgment,  indicate  the  references 


quent  occasion  to  refer  to  this  valuable 
buries  of  analyse*,  I  shall  in  future,  for  the 


by  the  initials  A.  W.  (  Arsenal,  Woolwich;. 
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amount  of  silica  is  very  small.  Yet  the  pig-iron  was  highly  siliceous. 
Now  the  silicon  could,  obviously,  have  only  been  derived  from  the 
ore ;  and  the  conclusion  to  be  drawn  is,  that  the  ore  analysed  was  a 
picked  specimen,  and  not  a  true  sample. 

V.  The  analysis  was  made  by  the  late  Mr.  T.  H.  Henry  for  Mr. 
S.  H.  Black  well,  by  whom  it  has  been  communicated.  It  was  considered 
as  a  typical  description  of  44  very  good  and  strong,  but  red-short,  iron:' 
It  was  produced  from  Cleator  Moor  Inematite,  Cumberland,  but  no 


details  were  given.  percent. 

L 

Carbon,  graphitic    2*83 

Silicon    0-59 

Sulphur   0*03 

Phosphorus    0'10 


(A.  W.)  Specified  as  "  British  charcoal  iron,"  made  by  Messrs. 
Harrison,  Ainslie,  and  Co.,  at  the  Newland  Furnaces,  near  Clverstone. 

The  ore  was  red  haematite,  and  the  fuel  charcoal.  This  variety  of 
pig  is  in  demand  for  the  manufacture  of  "malleable  cast-irun." 

Analysks  of  Pig-Ikon  made  from  Brown  Hematite. 


Per  cent 

I.  II.  m. 

Carbon,  graphitic                    3-24  2*26  215 

Silicon                                 1*80  4*25  l  is 

Sulphur                                0-04  00J  012 

Phosphorus                            0  19  0*07  0*19 

Manganese                              145  104  trace 


1.,  II.,  III.  (A.  \V.),  were  Nos.  1,  3,  and  4  pig,  respectively,  made 
by  the  Weardale  Iron  Company,  Durham,  from  ores  of  which  an 
analysis  has  been  given  in  Table  V.  It  is  not  stated  whether  hot  or 
cold  blast  was  employed.  No.  I.  was  tested  for  lead,  and  found  to 
contain  a  very  minute  trace. 

The  fuel  was  hard  and  lustrous  coke,  which  contained  0*60%  of 
Hulphur,  and  yielded  5*16 %  of  red  ash,  consisting  of  silicate  of  alu- 
mina, with  eesquioxide  of  iron  and  a  little  lime. 

The  flux  was  slaty -grey  crystalline  limestone,  presenting  impressions 
of  fossil  .shells.    Its  composition  after  drying  at  100°  C.  was  as  under  :— 


Carbonate  of  lime    95*55 

Carltonate  of  magnesia   8*20 

Carbonate  of  protoxide  of  iron   trace 

Phosphate  of  Una-   0*  12 

Band  and  day    0*90 

Carbonaceous  matter   0*23 


100  00 


Mr.  Abel  directs  attention  to  the  "  somewhat  anomalous"  amount  of 
silicon  in  No.  II.,  but  without  suggesting  any  explanation  of  the  fact. 


I'er  cent. 

l         u  in. 

Carbon,  graphitic                3*26  3*08  3-354 

Silicon                              2-34  2*18  1-SU2 

Sulphur   -.                  0  04  0-00  0  230 

Phosphorus                          U'H  0*14  0  120 

Manganese   0-23  0*14 
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I.,  II.  (A.  \V\),  described  as  No.  1,  and  grey-forge  pig,  respectively, 
made  at  the  Forest  of  Dean  Company's  Park  End  Iron  works,  near 
Lydney,  Gloucestershire,  but  whether  with  hot  or  cold  blast  is  not 
stated. 

It  is  reported  that  the  ores  smelted  were  "  all  haematite so  that,  I 
presume,  brown  ores  of  the  Forost  of  Dean  were  alone  used  in  produc- 
ing these  samples  of  pig-iron.  Analyses  of  these  ores  will  be  found 
in  Table  III. 

The  fuel  was  coke,  made  from  Forest  of  Dean  coal ;  it  contained 
0-90%  of  sulphur,  and  yielded  8-2  %  of  ash,  consisting  of  silica,  alu- 
mina, sesquioxide  of  iron,  lime,  and  magnesia. 

The  flux  was  burnt  shale,  of  a  reddish  colour,  and  presenting  im- 
pressions of  fossil  ferns ;  it  consisted  of  silicate  of  alumina,  with  ses- 
quioxide of  iron  and  a  little  lime  and  magnesia. 

III.  The  analysis  was  made  by  the  late  Mr.  T.  II.  Henry  for  Mr. 
S.  H.  Blackwell.  The  pig-iron  was  produced  at  Cinderford,  Forest  of 
Dean,  but  no  other  details  were  given.  This  pig  produces  a  good, 
strong,  but  red-short,  iron. 


I.  n. 

Carbon    2-891  4  400 

Silicon    0*830  10:15 

Sulphur    0-005  1MMJ0 

Phosphorus    0-002 

Copper    truce  0*015 

Aluminium    0  041 

C.ikium   0-01*; 

Iron    96-274  93  425 


100-000  100000 


I.  The  analysis  was  made  by  Svanberg.*  The  pig-iron  was  smelted 
in  the  Juniata  Furnace,  Williamsburg,  U.S.,  with  anthracite.  The 
ore  was  a  cellular  variety  of  brown  iron-ore,  resulting  from  the  decom- 
position of  carbonate  of  protoxide  of  iron.4  The  width  of  the  furnace 
was  8  ft.  across  the  boshes,  and  tho  make  <»0  tons  per  week.8 

II.  This  analysis  is  also  by  Svanberg.  Tho  pig-iron  is  simply 
specified  as  from  the  Lehigh  Company's  blast-furnace.  Lesley  men- 
tions the  Lehigh  Valley  Iron  Company's  steam-furnace  (.vtic),  and  states 
fine  brown  haematite  ore  was  therein  smelted.  I  presume  that  this 
pig-iron  was  produced  at  tho  furnace  above-named. 

Analysis  of  Pig- Ikon  made  chiefly  fbom  a  Mixture  of  Red  and 

Ukown  Haematite. 

iVr  cent. 


Carbon,  graphitic   3- 15 

Silicon    105 

Sulphur   0*05 

Phosphorus  ....    0-29 

Manganese    1*14 


4  Berzelius,  Jnlms-Bericht,  1840,  p.  198.  Furnaces,  Forges,  find  Rolling  Mills  of  the 

*  Geology  of  Pennsylvania.   State  Stir-  United  States.    By  J.  P.  Lesley.  New 

vey.    Roger*,  1.  p.  358.  York,  1859,  p.  60. 
«  The  Iron  Manufacturer's  (iuidc  to  tho  I 
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(A.  W.)  Specified  simply  as  "pig-iron,  first  melting,"  made  by 
Messrs.  Firmstono  and  Co.  at  the  Lays  Iron-works,  near  Dudley,  but 
whether  with  hot  or  cold  blast  is  not  stated. 

The  charge  of  ore  consisted  of  Ulverstone  haematite  (anhydrous  ses- 
quioxide  of  iron)  25  cwts.,  Forest  of  Dean  haematite  (hydrated  sesqui- 
oxide  of  iron)  5  cwts.,  "hydrate  of  iron  "  [?  brown  iron  ore  from  Frog- 
hall]  25  cwts.,  roasted  Gubbin  ironstone  10  cwts.,  and  roasted  Bottom 
whitestono  5  cwts. 

The  fuel  consisted  of  equal  parts  of  Thick-coal  (Staffordshire),  Derby- 
shire, and  Durham  coke. 

Acadian  Pio-Iron. 


l  n. 

Carbon    3'50  3*27 

Silicon   0-84  0  67 

Sulphur   0-0*2  0  01 

Phosphorus   0  19  0  28 

Manganese   0-44  0-37 

Iron   94-85  95  70 


9984  10030 


I.,  II.  These  analyses  were  made  by  Mr.  Tookey  in  my  labo- 
ratory, at  the  request  of  my  friend  Mr.  Livesey,  for  the  Acadian  Iron 
Company,  Npva  Scotia.  No.  I.  was  large  in  grain  and  highly  graphitic 
in  appearance,  and  No.  II.  was  fine-grained  grey  pig-iron. 

The  ores  were,  I  believe,  micaceous  red  haematite  and  brown  haema- 
tite, and  the  fuel  was  charcoal.  The  manganese  contained  a  sensible 
amount  of  cobalt. 


Analyses  of  Pio  Ikon  produced  exclusively  fbom  Northampton- 


Silicon  

Sulphur   

Phosphorus   

Manganese  

Iron  


shire  Ore. 


I. 

II. 

1-440 

0-554 

0-610 

1150 

2-980 

1-900 

0-197 

0-414 

0  930 

1-807 

1096 

0-395 

92*727 

93-780 

99-986 

100-00 

in. 

IV. 

0-800 

1-400 

0  754 

0-304 

3  3«i5 

3-449 

0-702 

0440 

1-3<J8 

1-300 

0  298 

trace 

92-713 

93  068 

100  000 

99  961 

Specific  gravity   7-022  ..  6  973         7  078 

They  were  made  by  the  late  Mr.  T.  II.  Henry  for  Mr.  S.  II.  Black- 
well,  by  whom  they  have  been  communicated. 

I.  Grey.  Mado  at  Bilston  with  hot -blast.  II.  Descril)ed  as 
14  exceedingly  tender  iron."  Made  at  Bilston  with  hot-blast  and  coke, 
1  from  North-Welsh  coal  and  J  from  Bilston  New  Mine  coal.  III. 
White-mottled.  Made  at  Heyford,  near  Weedon,  with  hot-blast  and 
equal  parts  by  weight  of  coal  and  coke.  IV.  Made  at  Wellingborough 
with  cold-blast  and  coal  from  Yorkshire,  without  any  coke.  In  Nos. 
II.  and  III.  tho  iron  was  determined  by  difference,  and  in  Nos.  I.  and 
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IV.  by  standard  solution  of  hypermanganate  of  potash.  No.  III.  con- 
tained traces  of  copper  and  arsenic.  Percent 

i  n.  in. 

Carbon,  graphitic   2*85  2' 10  2 -64 

Silicon    1*92  2- 11  4*63 

Sulphur   0  10  0-13  0  07 

Phosphorus    1-10  1-07  1-31 

Manganese    0  24  0  08  tniee 

(A.  \V.)  I.  specified  as  No.  1  grey  foundry,  and  II.  as  mottled  pig, 
made  by  Messrs.  Butlin  and  Co.,  East  End  Iron-works,  Wellingborough, 
Northamptonshire,  with  cold-blast. 

An  analysis  of  the  ore  will  be  found  in  Table  IV.,  No.  5. 

The  fuel  was  Barnsley  coal  used  raw,  which  contained  0'65°/o  of 
sulphur,  and  yielded  4*7o%  of  ash,  consisting  of  silicate  of  alumina, 
with  a  little  sesquioxide  of  iron,  and  traces  of  lime  and  magnesia.  In 
a  crucible  experiment  it  gave  76*3<)°/0  of  coke. 

Two  kinds  of  flux  were  employed,  pale  yellow  argillaceous  lime- 
stone, oolitic  in  structure,  and  a  small  proportion  of  chalk.  The  lime- 
stone was  composed  as  under : — 

Carbonate  of  lime    89*86 

Carbonate  of  magnesia    0*07 

Carl>onate  of  protoxide  of  iron    3  38 

Ferruginous  clay  and  Hand   6*00 

Organic  matter   trace 

Water   0  43 

100- 14 


The  chalk  was  of  ordinary  quality,  consisting  of  carbonate  of  lime, 
with  traces  only  of  silica,  alumina,  sesquioxide  of  iron,  and  carbonate 
of  magnesia. 

The  consumption  of  materials  in  producing  1  ton  of  pig-iron  was 
stated  to  be  the  following  : —  Tom.  cwt* 

Ore,  not  calcined    2  18 

Barnaley  coal   2  10 

Argillaceous  limestone   0  10 

Chalk   0  2 

(A.  W.)  III.,  specified  as  44  pig-iron,  first  melting,"  made  by  Mr. 
J.  Judkins  at  the  Ileyford  Iron-works,  near  Weedon,  Northampton- 
shire, but  whether  with  hot  or  cold  blast  is  not  stated. 

An  analysis  of  the  ore  will  be  found  in  Tablo  IV.,  No.  6. 

The  fuel  was  coke  from  the  Bamsley  coal  of  the  South  Yorkshire 
Railway  Company ;  the  coal  contained  0*65%  of  sulphur,  and  the  coko 
0*52%;  and  the  latter  yielded  Q'S8°/Q  of  red  ash,  consisting  of  silicate 
of  alumina,  with  sesquioxide  of  iron,  and  traces  of  lime  and  magnesia. 

The  flux  was  light-coloured  limestone,  occurring  particularly  near 

Blisworth,  and  formed  of  an  agglomeration  of  fossil  shells;  after  drying 

at  100°  C.  it  was  composed  as  under : — 

Carbonate  of  lime   9»J-86 

Carbonate  of  magnesia   0  00 

Carbonate  of  protoxide  of  iron   1*86 

Siliceous  insoluble  residue   0  88 

100  00 
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The  presence  of  silicon  and  phosphorus  is  readily  explained  by  the 
compDsition  of  the  ore,  which  should  be  specially  studied  in  connexion 
with  the  pig-iron,  of  which  the  analysis  is  given  above. 

Analyses  of  Pig-Iron  made  from  Northamptonshire  Ore  and  Tap- 

and  Flue  Cinder. 

These  varieties  of  pig-iron  were  regarded  as  typical  examples  «»f 
very  inferior  quality.  The  analyses  were  made  for  Mr.  S.  II. 
Blackwell  by  the  late'  Mr.  T.  H.  Henry. 

I  II. 

n. ,1      / combined  i  I  o  is; 

Owbon-i graphitic   I  2  323  12  450 

Silicon   2  629  2  0(J7 

Sulphur    0-250  0  320 

Phosphorus   1-872  1  432 

Munpincwe   1-838  0"  720 

Iron   91  -OS.;  92  825 

Aluminium   traced  traces 

Anetlic    traces  traces 

100  000        100  000 


I.  The  charge  of  ore  consisted  of  equal  weights  of  Northampton- 
shire ore,  roasted  tap-cinder,  and  flue  or  mill-furnace  cinder.  II. 
The  charge  of  ore  consisted  of  \  of  Northamptonshire  ore  and  |S  of 
roasted  tap-cinder.  Tap-cinder  usually  contains  a  large  amount  of 
phosphoric  acid. 

It  is  stated  that  the  wrought  iron  produced  from  both  these  kinds  of 
pig-iron  was  red-short,  as  well  as  cold-short.  They  were  smelted 
with  hot  blast,  and  were  about  what  is  termed  No.  4  forge-pig.  the 
usual  degree  of  greyness  preferred  in  South  Staffordshire  for  puddling. 


Pig-Iron  made  from  a  Mixture  of  Lake  and  Bog  Iron  Obks. 

PiK-lron. 

Carbon    101 

Silicon   4-77 

Sulphur    0-01 

Phosphorus    0-89 

Manganese   6 -08 

Aluminium   0  97 

Calcium    137 

Magnesium   0*43 

Iron   85  27 


S!«R  produwd  at  the  name  tim<\ 
Silica   48-42 

.   .  7-56 

Magnesia   

  6*  #8 

Protoxide  of  mangnn 

ese  6-37 

101  13 

100-83 


I  havo  received  a  specimen  of  this  pig-iron  from  Mr.  Grill.  It  M 
dull  grey  and  finely  granular  in  fracture.  It  is  the  result  of  an  experi- 
ment on  the  large  scale  made  at  the  Finspong  Iron-works,  in  Sweden, 
in  1857,  and  was  run  into  a  cold  mould  of  cast  iron.  The  charge  con- 
sisted of  541  lbs.  of  mixed  lake  and  bog  ores,  30  lbs.  of  lime,  176  lbs. 
of  pino  charcoal,  and  170  lbs.  of  English  coke  from  Newcastle  (ue. 
3  parts  by  measure  of  charcoal  to  1  of  coke).  It  was  smelted  with 
cold-blast  at  a  pressure  of  1  lb.  per  square  inch.    The  analyses,  both 
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of  the  iron  and  slag,  were  made  at  the  Mining  School  in  Fahlun.  The 
amounts  of  aluminium,  calcium,  and  magnesium  are  extraordinarily 
large,  and  the  analysis  requires  confirmation  in  this  respect. 

Analyses  of  Pig-Irox  made  wholly  ok  chiefly  from  Argillaceous 

Irox-Ore  of  the  Coal-Measukes. 

Yorkshire. 
L        II.  HI.  IV. 


u.          b.         (i.  b.  c. 

Gabon,  graphitic          2  99     2  90     3-32  2  98  2-80  3-14  2  84 

Silicon                         0  97     1  94     1'08  1-01  1«5I  1  71  1-03 

Sulphur                       0  05     0-04     O-Ott  003  000  0'07  0-04 

Phosphorus                   0  50     0  57     0  5G  0  49  0-44  0  07  0-52 


(A.  W.)    I.  specified  as  grey  pig-iron,  II.  as  No.  1  pig-iron,  Iil.a 

and  II  1.6  as  Xo.  2  grey  pig-iron,  and  IV. a,  IV.fr,  lV.c,  as  No.  .'J  grey 
pig-iron,  made  at  the  Bowling  Iron-works,  Yorkshire. 

I.                   II.          III.  IV. 

-  > 

a.  h. 

Cnrbon,  graphitic...    3  15          3-03          2  90          2-83  2'70 


Silicon    2  54  2  53  2-57  2  17  1  80 

Sulphur   0  00  0-07  0*05  0  05  0*04 

Phosphorus    0-52  0  53  0  04  0  55  0  55 

Man;nneae    1  14  0'85  1-12  1  00  0'Gl 


(A.  VV.)  I  .a,  I A  specified  as  No.  1  pig-iron,  and  II.,  III.,  IV.  as 
Nob.  2,  3,  and  4  pig-iron,  respectively;  made  by  Messrs.  Harding  and 
Co.  at  the  Beeston  Manor  Iron-works,  near  Leeds,  with  cold-blast. 

The  ore  used  was  stated  to  be  the  Black  Bed  ironstono  of  the  coal- 
measures  of  the  locality.    No  details  as  to  fuel  or  flux  arc  given. 

Derbyshire. 


Fir  cent 

i.  n.  m.  iv. 

Carhon,  graphitic                 3  35  2  74  2  71  2  60 

Silicon                              127  2  30  1-75  134 

Sulphur                            0  02  0  02  0*04  0  11 

Phosphorus                       1  09  1*21  1  15  0  75 

Manganese                         1*01  10C  0*95  0  40 


(A.  W.)  I.,  II.,  III.,  IV.  were  Nos.  1,  2,  3,  4,  pig,  respectively, 
made  by  Messrs.  Needham  and  Co.  at  the  Butterley  Iron-works,  near 
Alfreton,  Derbyshire,  from  argillaceous  iron-ore  of  the  coal-measures, 
with  hot-blast  ranging  in  temperature  from  500°  F.  to  600°  F.  Nos. 
I.,  II.,  III.  were  made  from  the  Brown  Bake  ironstone,  of  which 
analyses  will  be  found  in  Table  VI.,  Nos.  7  and  8  ;  and  No.  IV.  from 
the  Blue  Hake  ironstone,  of  which  no  analysis  is  given,  the  phosphoric 
acid  only  having  been  determined  by  Mr.  Abel,  and  found  to  amount 
to  1*46%,  which  exceeds  that  in  the  Brown  Bake  ironstone  by  0*64%. 
The  ore  is  roasted  before  smelting. 

The  fuel  was  "Brand's  Hard  Coal,"  used  raw;  it  contained  0  52% 
of  sulphur,  and  yielded  2*97%  of  ash. 
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Per  cent 

x.        n.        in.       iv.  v. 

Carhon,  graphitic...    2  31  2'40  2'60         2  74         2  57 


Silicon    2  23  1'50  1*26  141  153 

Sulphur   0  02  0  06  0  05  0-03  0  05 

Phoxphorua   0  72  0  34  0*72  0*95  0  70 

Manganese    0  88  060  045  0  89  0  94 


(A.  \Y.)  Nos.  1.,  II.,  III.,  described  as  Nos.  1,  2,  3,  foundry-pig, 
respectively,  No.  IV.  as  grey-forge  pig,  and  No.  V.  as  strong  forge-pig, 
were  made  by  Mr.  H.  B.  Whitehouse  at  the  West  Hallam  Iron- works, 
Ilkeston,  Derbyshire,  with  hot-blast,  of  which  the  temperature  ranged 
from  500''  F.  to  600°  F. 

The  charge  of  ore  is  stated  to  have  consisted  of  £  of  Black  and  Grey 
Bake  and  J  of  Honeycroft,  or  Striped  Rake  ironstone.  The  ores  were 
rousted  before  smelting. 

The  fuel  consisted  of  £  0f  Deephard  coal  and  $  of  coke  from  the 
same  coal. 

The  flux  was  carboniferous  limestone,  occurring  at  Bulls  Bridge  and 
Cromford. 

South  Staffordshire. 

Per  cent. 

L        n.        in.        iv.  v. 

Carbon,  graphitic...    3'07  3'04  3  12  3'03         2  81 


Silicon    148  1-27  l«16  0  83  0  57 

Sulphur   0  03  0*04  0  05  0  04  0  0<5 

Phosphorus    0-43  0*34  0  44  0  31  0  29 

Manganese    0  90  0  80  0'94  0  27  013 


(A.  \Y.)  Nos.  I.,  II.  were  Nos.  1  and  2  foundry-pig,  respectively. 
No.  III.  grey-forgo  pig.  No.  IV.  forge-pig,  and  No.  V.  strong  forge- 
pig,  made  by  Messrs.  Grazebrook  at  the  Netherton  Iron-works,  near 
Dudley,  with  cold-blast. 

Tho  ores  employed  were  Binds,  Whitestono,  Gubbin,  and  Grains,  of 
which  analyses  will  be  found  in  Table  VI.,  Nos.  22a,  23d,  23*,  19* 
18a,  18ft. 

The  fuel  was  Thick-coal  coke,  which  contained  0*.'U%  of  sulphur, 
and  yielded  4*  18%  of  reddish  ash,  consisting  of  silicate  of  alumina, 
with  sesquioxide  of  iron,  lime,  and  a  trace  of  magnesia. 

The  flux  was  light  coloured,  crystalline  Silurian  limestone  from 
Dudley,  of  which,  after  drying  at  100°  C,  the  composition  was  as 
under : — 

Carbonate  of  lime   97  *  31 

Carbonate  of  magnesia   1*00 

Carbonate  of  protoxide  of  iron    0G2 

Clay  and  sand    1  27 

Organic  matter  and  water   0  ■  20 

10040 

The  following  analyses  of  pig-iron,  specified  simply  as  cold-blast  grey- 
pig,  were  also  mado  at  the  Arsenal.  percent. 


VI.  VII.  VHX  IX. 

Carbon,  graphitic           2  80  2  97  2*93  2  64 

Silicon                          106  157  1-66  102 

Sulphur                       0  08  0  07  0-04  0  0s 

PhoephoniR                    0-42  0  42  0*34  0  45 
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Per  cent. 

L 

H. 

m. 

...  2-89 

2  90 

3-00 

.  0-96 

1*63 

1-21 

0*03 

0]0 

.  0-58 

0  55 

0- 18 

0-55 

0*95 

0*86 

(A.  W.)  I.,  II.,  III.  wore  No.  1  pig,  grey -forgo,  and  forge-pig, 
respectively,  made  by  Messrs.  Evers  and  Martin,  at  the  Farkhead 
Furnaces,  Dudley,  with  cold-blast.  The  analyses  Nos.  I.,  II.  were 
made  upon  squaro  bars  cast  for  testing  strength,  and  No.  III.  upon  the 
original  pig. 

The  charge  of  ore  consisted  of  $  of  Bottomstone  and  Binds,  and  J  of 
Gubbin  and  Rubble.  Avorage  samples  of  these  (calcined)  wero  parti- 
ally analysed  by  Mr.  Abel,  and  the  results  are  as  under : — 

New  Mine  Whltestone  measure*.    From  the  Gubbin  measures. 


Bottomstone.      Bind*.  Gubbin.  Bubble. 

Percent.  Percent. 

Metallic  iron                             57  10      54  43  59  87      47 '93 

Phosphoric  twiil                           0-78        0'07  0'02  0'52 

Ignited  insoluble  residue             13  42       12*18  12  50      24  30 

The  fuel  was  Thick-coal  and  Heathen-coal  coke.  Tho  Thick-coal 
coke  contained  0*40  °/0  of  sulphur,  and  yielded  3*78  7Q  of  ash,  consisting 
of  silicate  of  alumina,  with  sesquioxido  of  iron  and  very  little  lime  and 
magnesia.  The  Heathen-coal"  coke  contained  0*51  %  °f  sulphur,  and 
yielded  4-58  %  of  ash,  similar  in  composition  to  that  of  the  former. 

The  flux  was  Silurian  limestone  from  Dudley,  of  which,  after  drying 
at  100°  C,  the  composition  was  as  under:— 

Carbonate  of  lime    97'10 

Carbonate  of  magnesia    0  ■  85 

Carbonate  of  protoxide  of  iron    0"G0 

Sand  and  clay    115 

Water  and  loss   0*30 


100  00 


The  following  analyses  of  pig-iron,  from  No.  IV.  to  IX.  inclusive, 
from  the  Parkhead  furnaces,  specified  simply  as  cold-blast  grey-pig, 
have  also  been  made  at  tho  Arsenal. 

Per  cent. 


Phosphorus 


IV. 

V. 

VL 

VII. 

VIII. 

IX. 

2'83 

2  85 

3  33 

331 

311 

281 

119 

0  90 

1-18 

1-22 

1-33 

1  13 

0-08 

0-08 

0  05 

005 

007 

0  05 

0-55 

0-51 

0-48 

0-49 

0-58 

0*00 

Per  ce:it. 

n. 

Carbon,  graphitic   2  G1         2  50 

Silicon    1-40  175 

Sulphur    0  04  0  05 

Phosphorus    0-72  0-63 

Manganeso    0*49         0  00 

(A.  W.)  No.  I.  was  specified  simply  as  hot-blast,  and  No.  II.  as 
cold-blast  pig-iron,  made  at  the  Earl  of  Dudley's  Level  Iron-works, 

2  N 


Digitized  by  Google 


540         ANALYSES  OF  PIG-IRON  FROM  CLAY  IRON-ORE. 


Brierley  Hill,  South  Staffordshire.  The  analyses  were  made  upon 
square  bars  cast  for  testing  strength.  No.  I.  represents  the  average 
composition  of  four  hot-blast  pigs,  and  No.  II.  the  average  of  five 
cold-blast  pigs. 

The  charge  of  ore  consisted  of  equal  parts  of  Gubbin  and  White 
stono,  unroasted.  The  raw  ores  were  partially  analysed  by  Mr.  Abel, 
and  the  results  are  as  under : — 

Pferoeut. 
OubWn.  Whitlow. 

Metallic  iron                             41  07  37  93 

Phosphoric  acul                           0*83  1*18 

Sulphur                              not  appreciable  n  truce 

Iguited  insoluble  residue               4  •  80  9  ■  30 

The  fuel  was  Thick-coal  coke,  which  contained  0-5(P/c  of  sulphur, 
and  yielded  2*66%  of  red  ash,  consisting  of  silicate  of  alumina,  with 
sesquioxido  of  iron,  and  traces  only  of  lime  and  magnesia.  The  coal,  it 
is  stated,  contained  0*87%  of  sulphur,  and  yielded  3-40°/0  of  ash. 
Either  the  coal  or  the  coke  could  not  have  been  average  samples  ;  for 
the  former  could  not,  as  is  reported,  have  contained  more  ash  than  the 
coke. 

The  flux  was  limestone,  resembling  in  all  its  external  characters 
that  employed  at  the  Parkhead  Iron-works.  It  contained  0*70%  of 
carbonate  of  magnesia. 

 ■  •  

IVt  crnt 

x.        ii.        in.  iv. 

r,  .       /combined                                   ..             ..  0  25 

^ftrDon-\ graphitic                    3  06  2*<S9  2*76  2  55 

Silicon                                    3*48  2 '24  1*75  1  30 

Sulphur                                   0  03  0  04  0  07  Oil 

Phosphorus                               0  38  0  63  0-55  0*41 

Manganese                               0  30  0  34  trace  0  54 

(A.  W.J  I.,  II.,  III.,  IV.  were  Nos.  2,  3,  4,  5  pig,  respectively,  made 
by  Messrs.  Badger  and  Co.,  at  the  Old  Hill  Furnace,  Dudley,  it  is  not 
stated  whether  with  hot  or  cold  blast. 

The  ores  consisted  of  Whitestono,  Gubbin,  Grains,  Pins,  Balls,  and 
Poor  Kobins  (vid.  Tablo  VI.),  with  a  small  portion  of  Ulverstone 
Bed  Ore. 

The  fuel  was  Thick-coal  coke  from  the  Old  Hill  Colliery,  which  con- 
tained 0-51%  of  sulphur,  and  yielded  4-83%  of  ash,  consisting  of 
silicate  of  alumina,  with  sesquioxido  of  iron  and  a  little  lime. 

The  flux  was  light-coloured,  crystalline  limestone,  from  the  Spring- 
field Mine,  and  which,  after  drying  at  100°  C,  was  composed  as 
uuder  : — 

Carbonate  of  lime   88 -85 

Carbonate  of  magnesia    2*03 

Carbonate  of  protoxule  of  iron    1  21 

Carbonate  of  protoxide  of  manganese    tracea 

Phosphate  of  lime,  containing  0  •  1 2  of  phosphoric  acid       0 '  26 

Quartz,  with  a  little  clay    815 

Organic  matter  


100-50 
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Per  cent. 

L 

II. 

in. 

IV. 

V. 

VI. 

2  72 

2-87 

8*05 

2-85 

3  34 

3  21 

I  25 

i*ie 

1  "60 

1  33 

1*18 

1-54 

0-OH 

0  08 

009 

0  09 

0  07 

007 

0  86 

•  • 

0  30 

0  41 

0-55 

0-23 

Carbon,  graphitic... 

Silicon   

Sulphur   

Phosphorus   

(A.  W.)  I.,  II.,  III.,  IV.,  specified  bimply  as  grey  pig-iron,  V.  as 
grey  pig-iron  (warm-blast),  and  VI.  as  grey  pig-iron  (cold-blast),  from 
the  Lays  Iron-works,  near  Dudley. 

North  Staffordshire. 

Per  cent. 

Carbon,  graphitic   2-54 

Silicon    2  71 

Sulphur    0-04 

Phosphorus   107 

Manganese    0  98 

(A.  W.)  Made  by  Mr.  W.  S.  Williamson,  at  the  Goldendale  Iron- 
works, near  Stoke-upon-Treut,  North  Staffordshire,  from  Chalky  Mine 
iron-ore,  of  which  analyses  will  be  found  in  Table  VI.,  Nos.  49  and 
49a.  The  description  of  pig  is  not  specified  ;  and  the  only  details 
given  are  that  the  coal  was  from  North  Wales,  and  light-coloured 
crystalline  limestone  from  Froghall  was  used,  of  which,  after  drying 
at  100° C,  the  composition  was  as  under: — 

Carbonate  of  lime   97 '  89 

Curbunate  of  maguesia   0  -  87 


Carbonate  of  protoxide  of  iron. 
Carbonate  of  protoxide  of  manganese. 
Phosphate  of  lime  


0-48 


South  Walfj*. 


Carbon. 


L 

(combined...    0  04) 
•  1  graphitic  ...    3  10( 

Silicon   2*10  * 

Sulphur    011 

Phosphorus    0*68 

Manganese   0*50 

Nickel  I  t\.nK 

Cobalt  1  0  00 

Iron   84  *  56 


II. 

m. 

IV. 

2-95 

284 

3- 08 

1*96 

121 

2-22 

0-28 

0*46 

0  09 

0*68 

004 

003 

0-23 

014 

0-33 

004 

003 

007 

)5'39 

95- 10 

94-33 

101  15      10148    100  42    100  77 


The  analyses  were  by  Mr.  E.  Riley,  by  whom  they  have  been  com- 
municated, with  the  consent  of  the  Trustees  of  the  Dowlais  Iron- 
works. They  were  made  at  Dowlais,  wholly  from  Welsh  mine,  without 
cinder  or  red  ore. 

I.  No.  '.i  best  mine-pig,  from  No.  5  furnace,  cold-blast. 
II.  Mottled  mine-pig,  from  No.  5  furnace,  cold-blast. 

III.  White  mine  pig,  from  No.  5  furnace,  cold-blast. 

IV.  Best  mine-pig,  from  No.  18  furnace  :  there  were  three  twyers, 
of  which  two  were  hot-blast,  and  one  cold-blast. 

2  n  2 
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IW  cent. 

l       n.      m.  iv. 

Carbon,  graphitic   2*82       3*40       2  04  2-88 

Silicon    0-81       1-36       TG8  1-09 

Bulphnr   0-oo     o-07      0-08  0*08 

Phosphorus    0-38      0-20       0-27  0-38 

Manganese    0-53       0  28       0*66       O  GG 

(A.  W.),  I.,  II.,  III.,  IV.,  specified  as  No.  1  and  C  pig,  No.  1  pig, 
common  forge-pig,  and  No.  3  pig,  respectively,  made  at  the  Blaenavon 
Iron-works,  Monmouthshire,  with  cold-blast. 

The  ores  were  argillaceous  ironstones  from  the  coal-measures  of  the 
locality  termed  Black  Pins,  Pwll  Llacca,  Bottom  Vein,  Ball  Mine,  and 
Grey  Vein,  of  which  analyses  will  be  found  in  Table  VI.,  Nos.  59«, 
596,  59c,  58a,  59t/.    They  were  all  roasted  before  smelting. 

The  fuel  was  coke  from  the  Three  Quarters-coal ;  it  contained 
0*74%  of  sulphur,  and  yielded  5*35%  of  ash,  consisting  of  silica  and 
alumina,  with  sesquioxido  of  iron,  and  a  little  lime. 

Two  varieties  of  limestone  were  used  as  flux,  distinguished  as  the 
"rough"  and  ■'smooth;"  the  rough  was  light  brown,  largely  crystal- 
line in  structure,  and  contained  numerous  fossil  shells  ;  and  the  smooth 
was  pale  in  colour  and  oolitic  in  structure.  After  drying  at  100°  C., 
they  were  composed  as  undor :—  H(lUgh 

Carbonate  of  linio    98  •  55  99-26 

Carbonate  of  magnesia    0  54  0  63 

Carbonate  of  protoxide  of  iron  ....  0 •  90  0 •  33 

Phosphate  of  lime    0  03  0-02 

Siliceous  sand    0'73  0-27 

100-35        100  ;>i 


The  following  analyses  of  Blaenavon  pig-iron  have  also  been  made 
at  the  Arsenal:—  Vcrw0^ 

y.        vi.  vn. 

Carbon,  graphitie    3  00  3-19 

Silicon                                  1-50  1-25  1-71 

Sulphur                                 0-00  0-07  0-04 

Phosphorus                           0  32  0-28  0  33 

All  specified  simply  as  cold-blast  grey  pig-iron. 

l  n. 

Carbon    2*25  2  37 

Siheiuni    I'M  1*09 

Sulphur   0-77  0*73 

Phosphorus    0-82  0-70 

Manganese    0  17  0  22 

Iron    .95-87  95-58 

101-02  100  75 

-  ■   ■  ■  —  - 

Analysis  of  best  common  white  forge-pig  (Wales).  Sample  I.  cast 
in  chills ;  Sample  II.  in  sand.  Analysed  to  see  if  there  were  any 
chemical  difference  (Blaenavon  Iron-works). 

It  was  sent  as  two  different  samples,  and  it  was  only  after  the 
analyses  were  completed  that  the  above  information  was  given.  This 
pig  may  be  considered  as  best  Welsh  common  forge-pig,  made  with 
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red  ore,  cinders,  and  Welsh  mine.    It  worked  to  a  good  yield,  and 
or  common  bars. 


f>r  cent. 

L  ii.  nx. 

Carbon,  graphitic   2  42  2  53  2*68 

Silicon    1  40  123  135 

Sulphur   0  12  0  08  0  09 

Phosphorus   0  32  0*40  0*50 

  0-42  0-42  o-45 


(A.  W.)  L,  II.,  III.  specified  as  cold-blast  grey  pig-iron,  made  at 
the  Pontypool  Iron-works,  Monmouthshire. 

The  ore  was  argillaceous  ironstone  from  the  coal  measures  of  the 
lucality,  but  the  particular  measures  are  not  stated  ;  it  was  roasted 
before  smelting,  and  a  specimen  of  the  roasted  ore  contained  56#83o/0 
of  metallic  iron,  0*73%  of  phosphoric  acid,  and  0*60%  of  ignited 
insoluble  matter. 

The  fuel  was  coke,  which  contained  0*76'7o  of  sulphur,  and  yielded 
1 2 •  1 5°/0  of  ash,  consisting  chiefly  of  lime,  but  containing  also  wind, 
hilicate  of  alumina,  and  sesquioxide  of  iron  in  smaller  proportion. 

Per  cent. 

i.       n.  hi 

Carbon,  graphitic ... 

Silicou   

Sulphur  


1. 

n. 

III. 

IV. 

V 

VI. 

3-27 

2-92 

2-61 

3  17 

2-55 

8*16 

1-87 

1-73 

1  71 

1-58 

2  07 

1-55 

0-05 

0-06 

005 

005 

0O9 

0  0(5 

0  41 

0.20 

0-38 

0-42 

038 

0-27 

0  27 

0-39 

0  27 

0  32 

0- 14 

0  13 

(A.  \V.)  I.,  II.,  III.  specified  as  Nos.  1,  2,  and  3,  respectively, 
anthracite  pig  iron,  second  melting,  and  IV.,  V.,  VI.  as  Nos.  1,  2,  and 
3,  respectively,  of  the  same  pig-iron,  first  melted,  made  by  Mr.  .lames 
Palmer  Budd,  at  the  Ystalyfera  Iron-works,  near  Swansea,  with  hot-blast. 

The  ores  consisted  of  argillaceous  ironstones  from  the  coal  measures 
in  the  locality,  termed  Caus-y-glo  or  Cheese  Mine,  and  Pinmelyn 
Mine  or  Yellow  Pin,  and  red  haematite  from  I'lverstono.  The  Iwematitc 
forwarded  to  Mr.  Abel  as  a  specimen  was  the  variety  known  as  Kidney- 
ore.  It  was  nearly  pure  sesquioxide  of  iron,  the  only  impurities  being 
a  little  oxide  of  manganese  and  silica ;  it  contained  no  sulphur,  and 
only  a  trace  of  phosphoric  acid.  Analyses  of  the  other  ores  will  be 
found  in  Table  VI. 

The  fuel  was  the  anthracite  of  the  locality,  from  the  Little  Vein, 
whieh  contained  0*7%  of  sulphur,  and  yielded  9*1 4%  of  white  ash,  con- 
sisting of  hilicate  of  alumina,  with  a  small  quantity  of  lime,  and  a  trace 
of  sesqni oxide  of  iron. 

The  flux  was  light- coloured,  crystalline  limestone,  whieh,  after 
drying  at  100"  C,  was  composed  as  under  : — 

Carbonate  of  lime    99  49 

Carbonate  of  protoxide  of  iron   0'  18 

Carlwnate  of  protoxide  of  nianganc*'  0  07 

Ph<*phat«  of  lime  \ 

Alumina  I 

Siliceous  wind   0  20 

Carbonaceoiw  matter   tract  s 

100-00 
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No  traces  of  magnesia,  of  sulphates,  or  of  heavy  metals  were  dis- 
coverable in  a  largo  quantity  of  the  limestone. 

Analyses  of  Pig-ibon  made  from  Cleveland  Obe. 

Percent. 

L  n. 

Carbon,  graphitic   3-44  3-04 

Silicon    1-13  2-73 

Sulphur   0  03  0-04 

Phosphorus    1-24  1-30 

Manganese    0-43  0-38 

I.,  II.  (A.  W.)  were  No.  2  foundry-pig,  made  at  South  Bank  Fur- 
naces, of  Messrs.  Samuelson  and  Co.,  Middlesboro'-on-Tees.  No.  I.  was 
descril>ed  as  toughened  pig-iron,  smelted  with  coke  prepared  according 
to  Calvert's  salt  process,  and  as  run  from  the  blast-furnace,  and  No.  II. 
as  ordinary  foundry  pig.    Hot-blast  was,  I  believe,  employed. 

An  analysis  of  the  ore  will  be  found  in  Table  VII.,  No.  2. 

The  fuel  was  hard,  lustrous  coke.  In  the  same  as  examined  was 
found  imbedded  a  small  nodulo  of  sulphide  of  iron,  derived  from 
pyrites  in  the  coal.  An  average  sample  contained  1  *05°/o  of  sulphur, 
and  yielded  5*03°/o  °f  light-red  ash,  consisting  of  silicate  of  alumina  and 
sesquioxide  of  iron,  with  small  quantities  of  lime  and  magnesia,  but  not 
containing  any  appreciable  amount  of  phosphoric  acid.  The  large  pro- 
portion of  sulphur  in  the  coke  is  worthy  of  note,  and  is  not  a  satisfactory 
indication  of  tho  efficacy  of  Mr.  Calvert's  desulphurizing  process. 

The  flux  was  dark-grey,  crystalline  limestone,  of  which  the  corupo- 
sition  was  as  under  : — 


Carbonate  of  lime   83-65 

Curbouate  of  magnesia   13  •  43 

CarlKtnato  of  protoxide  of  iron   1*71 

Carbonate  «»f  protoxido  of  manganese  i  ^nt** 

Phosphate  of  lime  i  iraoes 

Sand  and  clay    0*64 

Curl  nmaceous  matter   0 '  39 

Water  and  loss    018 


100  00 


I'er  cent. 


t 

a 

3'31 

1-43 

0  03 

1-86 

0  06 

1.,  II.  (A.  W.)  were  Nos.  1  and  3  pig,  respectively,  made  by  Messrs. 
Holdsworth,  Bennington,  and  Byers,  Stockton-on-Tees,  from  Cleve- 
land ore  and  a  little  haematite,  with  hot-blast. 

Tho  ore  was  from  tho  Belmont  Mines,  and  an  analysis  of  it  will  be 
found  in  Tablo  VII.,  No. 

The  fuel  was  coke,  which  contained  0  91%  of  sulphur,  und  yielded 
7-90%  of  ash,  consisting  of  burnt  shale  with  a  little  sand,  and,  there- 
fore, of  silica,  alumina,  sesquioxide  of  iron,  and  a  little  lime. 
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Tho  flnx  was  dark-grey,  crystalline  limestone,  from  the  Rroadwood 
Quarries.    Its  composition,  after  drying  at  10CP  C.f  was  as  nnder  :— 


Carbonate  of  lime   95-1)2 

Carbonate  of  magnesia    1  •  85 

Carbonate  of  protoxide  of  iron   0  ■  53 

Carbonate  of  protoxide  of  manganese  traces 

Siliceous  matter   1'70 

Organic  matter   traces 


100  00 


ANALYSES  OF  TlTANlFEROUS  PjG-IR0N. 

My  friend,  Mr.  Riley,  has  communicated  to  mo  the  following 
analyses  by  himself  of  pig-irons  which  have  special  points  of  inte- 
rest :— 

No.  I.  made  with  red  haematite  and  7J%  of  Ilmenite.  Pig  No.  I., 
best  foundry,  found  to  be  practically  very  strong  iron,  and  answered 
well  for  the  Bessemer  process.  No.  II.,  not  best  foundry.  No.  III., 
grey  pig.  These  two  samples  of  pig  were  made  with  red  haematite 
mixed  with  a  little  Belfast  aluminous  ore  :  tho  effect  of  tho  latter  on 
the  working  of  the  furnace  was  stated  to  bo  very  beneficial. 


I.  n.  in. 

Carbon   331  318  311 

Silicium    1*86  3  28  3  55 

Sulphur    0  071  0  058  0  1 12 

Phosphorus   0  076  0  002  0*003 

Titanium   1  150  0  71  0470 

Manganese    0  50  0  48  1*09 

Iron    93-47  92-79  02  04 


100-437         100-500  100405 


In  the  determination  of  the  graphite  by  tho  ordinary  method  the 
following  amount  of  fixed  matter  was  found  with  it,  which  proved  to 
be  nearly  all  titanic  acid. 

Gave  graphite  and      After  burning       1 1  tank:  acid  <!>N'rmirwd 
Ura,  of  Pig  taken.  titanic  add.  rvaidur.  in  residue. 

1.  — 205-68  7  82  1*23  1  085 

2.  — 207-05  7-85  0  835  0  715 

3.  — 218  80  7  04  0'330  0  280 

The  titanic  acid  was  determined  by  fusing  the  residue  with  bisulphate 
of  potash ;  dissolving  in  cold  water,  and  ljoiling ;  collecting  the  pre- 
cipitate ;  washing  with  dilute  sulphuric  acid,  drying,  and  igniting. 

Titaniferous  Iron  Ore  used  (Ilmenite)  for  Sample  No.  J.  (Pig). 

Magnetic  oxide  of  iron    46-14  54 '72 

Titanic  acid   30-88  40  80 

Silica     13  32  1  58 

Magnesia   2  07  2  13 

Lime   0  78  0  60 

Bisulphide  of  iron    I  05  — 

100-21  00-80 
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Analyses  of  Pio-Iron  made  with  Manganesiferous  Cornish  Ores,  to 

DETERMINE   WHAT   AMOUNT   OF   MANGANESE   COULD    BE   ALLOYED  WITH 

the  Iron  in  the  Blast-Furnace. 


Combined  carbon. 


Phosphorus  

Nickel  and  cobalt   

Copper,  with  a  little  antimony 

Titanium   

Manganese   

Iron   


L 

II. 

m. 

3  12 

3010 

2615 

0-310 

1020 

0  074 

2-59 

2-550 

3-325 

0  026 

0-026 

0017 

0-147 

0154 

0-201 

0-ObO 

01 10 

0-0G0 

0-045 

0-064 

0-700 

i-iao 

1-629 

5-850 

6-370 

8-087 

87-00 

86-880 

84-256 

100-853 

100-315 

100-268 

Nos.  I.  and  II.  £  Cornish  ore,  ^  red  haematite,  ±  Irish  bog-ore, 
containing  G  to  9%  of  manganese.  Tig  not  foundry,  but  contained 
small  patches  of  bright-iron  :  both  samples  were  drilled,  but  the  iron 
was  rather  hard. 

No.  III.  4  Cornish  ore,  £  Irish  bog  ore.  Pig  not  homogeneous,  con- 
taining some  No.  1,  and  Nos.  3  and  4:  it  was  too  hard  to  drill,  and 
had  somewhat  the  appearance  of  11  glazed  "  pig. 


CHARGES  AND  YIELDS  OF  BLAST-FURNACES. 

Example  of  an  average  Charge  at  the  Newland  Furnace,  near 

Ulverstone,  Cumberland.1 

lbs. 


lied  lifomatite  from  Whiteriggs    60 

Do.  do.  Lindale  Moor   280 

Do.         do.         Gillbrow    50 

390 

Argillaceous  iron  ore   25 

Charcoal,  about    400 


The  furnace  will  take  about  16  charges  on  the  average  in  12  hours, 
i.  e.  between  cast  and  cast ;  and  the  average  yield  of  grey  pig-iron  per 
10  charges  is  1  ton  12  cwts.  2  qrs.,  of  2400  lbs.  to  the  ton. 

The  proprietors  of  this  furnace,  Messrs.  Harrison,  Ainslie,  and  Co., 
have  three  other  furnaces  working  with  charcoal,  viz.  one  at  Back- 
barrow  in  Lancashire,  another  at  Duddon  in  Cumberland,  and  the  third 
at  Lorn  in  Argyleshire,  Scotland.*  The  dimensions  of  these  furnaces 
are  about  as  follow : — 3  ft.  in  diameter  at  the  mouth,  0  ft.  in  diameter 
at  the  top,  2  ft.  at  the  bottom  of  the  boshes.  They  are  all  worked 
with  cold-blast  urged  by  water-power.  The  average  weekly  make  of 
each  furnace  is  20  tons,  of  2400  lbs.  to  the  ton.    The  varieties  of  pig- 


1  For  the  details  of  charges  I  am  in-  '2  For  this  and  the  following  details  I  am 
debted  to  my  former  pupil,  Mr.  R.  S.  Roper,  indebted  to  Mr.  Thomas  Roper,  Newland 
son  of  Mr.  Thomas  Roper.  Furnace,  near  Ulverstone,  Aug.  17,  1863. 
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iron  produced  are  known  in  the  market  by  the  names  of  open-grey, 
close-grey,  mottled  and  white  Lorn  iron,  and  kishy  grey  forge-pig. 
The  foundry  iron  is  in  great  request  for  malleable  castings,  which  are 
prepared  from  the  metal  melted  in  crucibles. 

The  usual  market  price  of  this  pig-iron  is  from  8/.  to  9/.  per  ton, 
while  charcoal  pig-iron  of  high  quality  may  be  imported  from  Sweden 
at  about  61.  per  ton.  The  Fersberg  pig-iron,  for  example,  I  know,  may 
now  bo  purchased  in  Hull  at  that  price.  Our  own  charcoal  pig-iron 
has  the  advantage  of  a  long  established  reputation  ;  but  whether  it  is 
really  superior  in  any  respect  to  such  pig-iron  as  that  of  Persberg  I  do 
not  know. 

Charges  at  Finspono,  in  Sweden,  fob  Pig-Iron  suitable  fob 

Cannon. 

At  the  well-known  iron-works  at  Finspong,  Ostgothland,  in  Sweden, 
belonging  to  my  friend  Mr.  C.  Ekman,  of  Norrkoping,  the  pig-iron 
intended  for  cannon  is  run  direct  from  the  furnace  into  moulds, 
whereas  it  is  usual  in  other  gun-foundries  previously  to  remelt  the 
pig-iron  in  reverberatory  furnaces.  In  1857  the  charge  was  composed 
as  follows : ' — 

I.ispunds.        Lispunds.   Lb*,  uvoird. 

Ferola  ores   29-  8] 

Jorna    do   5  ■  4 1 


Petang  do   4  •  1  [ 

2  71 


42  0*  625*80 


Strata  do   2-7J 

Small  scrap  pig-iron  (Brucheison)   1*5  22  ■  35 

Borings    15  22  35 

Limestone    6-5  96*85 

51-5  767  35 


Charcoal   9  36 

The  Ferola  ores  are  stated  to  bo  very  characteristic  on  account  of 
their  coarsely-granular  crystalline  texture,  and  consist  chiefly  of  mag- 
netite and  quartz  in  coarse  grains,  with  some  oligoclase  (i.  e.  soda- 
felspar),  amphibole,  and  iron-py rites.  The  Jerna  ore  is  a  richer,  less 
compact  magnetite,  with  some  quartz,  oligoclase,  and  amphibole.*  The 
Petang  ores  are  similar  to  those  of  Ferola,  except  that  they  are  not  so 
coarsely  granular,  and  are  very  rich  in  manganese.  The  Stenbo  ore 
is  a  mixture  of  magnetite  and  specular  iron  ore.  Tunner  remarks 
that  in  external  appearance  these  ores,  especially  those  of  Ferola,  offer 
a  complete  contrast  to  the  Danneniora  ores,  and  are  only  very  slightly 
roasted. 

The  ores  yield  from  48%  to  52%  of  pig-iron,  of  great  strength,  and 
well  adapted  for  cannon.  It  is  freo  from  phosphorus,  but  contains  a 
notable  quantity  of  sulphur ;  and  this  is  a  point  deserving  attention. 


3  Tunner,  Eisenhuttenwesen  in  Schwe-  I  a  In  the  Femla  ores  Tunner  designate* 
den,  p.  16.  this  mineral  as  amphibole,  and  in  these 


*  1  lispund  =  14-9  lbs.  avoird.  |  ores  as  hornblende. 


Digitized  by  Google 


554 


CHARGE  AND  YIELD  AT  RUSSELL'S  HALL. 


The  sulphur,  so  far  from  impairing,  is  believed  to  increase,  the  strength 
of  the  metal. 

1  have  received  from  Mr.  C.  Ekman  six  sample  specimens  of  this  pig- 
iron,  representing  the  transition  from  grey  to  nearly  white  iron.  They 
are  in  cylindrical  pieces  turned  on  a  lathe  to  a  certain  depth,  and  then 
broken  across  to  show  fracture.  I  have  photographs  of  them,  giving 
an  accurate  notion  of  their  structure,  which  it  would  be  hopeless  to 
attempt  to  indicate  by  wood  engraving.  The  grey  varieties,  which  are 
those  adapted  for  gun-founding,  have  a  characteristic  fracture,  to  which 
I  have  previously  adverted  when  considering  the  action  of  sulphur 
upon  molten  cast-iron.  It  consists  essentially  of  a  delicate  white  net- 
work of  white-iron,  the  meshes  being  more  or  less  circular,  and  filled 
with  grey-iron.  By  melting  grey  pig-iron,  so  that  it  may  take  up  a 
certain  proportion  of  sulphur,  a  product  is  readily  obtained  which  pre- 
sents identically  the  same  appearance  on  fracture.  1  have  also  noticed 
this  fracture  in  cast-iron  run  from  a  cupola  at  Oldbury,  South  Stafford- 
shire. I  have  particularly  interrogated  the  intelligent  managers  of 
iron-works  from  every  part  of  England  as  to  their  opinion  concerning 
the  influence  of  sulphur,  in  certain  proportions,  oven  on  bar-iron ;  and 
they  have,  without  an  exception,  expressed  the  opinion  that  it  is  not 
unfavourable  to  strength,  however  it  may  interfere  with  the  finish  on 
the  surface  of  tho  metal. 


Example  of  Charge  and  Yield  at  one  of  the  Kussell's  Hall 
Furnaces,  near  Dudley,  Dec  27,  1851.* 

Cwtft.*  qra.  lhs. 

1 Red-mine,  masted.  North  Stuffonlshire                    4  1  4 

Gubbin      do.       8outh  Staffordshire                   2  0  1»; 

Whitoefamedo.        do.        do  15  0  o 

Hulls         do.          do.          do                         <J  1  20 

Tap  md  flue  cinders                                          2  0  16 

Total  iron-producing  materials                   30  0  0 

Limestone.  Silurian,  from  the  "  Wrens  Nest, '  near  Dudley   9  0  0 

,    (Coke                                                               lfi  0  0 

nw  "I  Raw  coal                                                          2  1  0 


Total  fuel   18       1  0 

Yield  of  pig-iron  14$  cwts.  of  120  lbs.  to  tho  cwt. 

Hot-blast  was  employed  at  a  pressure  of  about  3£  lbs.  to  the  square 
inch,  and  at  a  temperature  of  about  000°  F.  Analyses  of  the  ores  will 
l>e  found  in  tho  tables  previously  inserted.  I  was  present  when  the 
furnace  was  tapped  while  working  on  these  charges.  The  pig-iron 
was  grey ;  and  at  tho  same  tapping  three  varieties  in  greyness  were 
obtained,  according  as  the  metal  flowed  from  different  parts  of  the 
hearth. 


11  For  Uiee*e  details  I  am  indebted  to  the 
proprietor,  my  friend,  Mr.  S.  H.  Blaekwell. 

'  Cwt*.  of  120  lb«.  to  the  cwt  All  the 
ttiaigw  and  yields  are  given  in  the  form 


in  which  I  received  them,  in  ruder  Uwt 
the  methods  of  keening  yield  account*  st 
various  works  may  be  teen. 
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Wekkly  Make  of  Nob.  5  and  0  Furnaces  at  Corngreavks, 

belonging  to  the  new  british  iron  company." 

1862.  No.  5.  No.  G. 

Ton*.  Ton*. 

Week  ending  Jan.    4th    '230$  239$ 

,.    11th    217$  225 

,,    18th    223$  203 

,,    25th    230$  202$ 

Feb.     1st    142$  230$ 

8th    207$  225 

,.    15th    230  241$ 

22nd    240$  233 

March  1st    250$  234 

.,      8th    248$  241 

15th    100  241$ 

,,    22nd    219  224 

,,    29th    230  213$ 

April  5th    237  230 

,.    12th    251  243$ 

,,    KUh    200  255$ 


Total   3584$  3089 


Tonn.cwte.qrs.  lbs.      Tons.  cwte.  qr«  lbs. 
Average  per  week    224    0    2    14       230    11    1  0 

It  is  one  of  these  furnaces  which  lias  been  minutely  described  and 
copiously  illustrated.    All  the  pig-iron  was  grey. 


Example  op  Charges  and  Yields  at  No.  12  Furnace,  Dowlais 

i  ron-works.9 


Ore*. 

Consumption 

1803. 

of  CO*l  \<VT 

Total  mutt-. 

Welsh 

Red 

Forest 

tonofpig-iron. 

Mine. 

Ore. 

Ore. 

Torn*. 

Ton*. 

Tons. 

cwts.  or*.  IK*. 

Ton*,  cwu.  nrn. 

Week  endin 

100 

327 

•  ■ 

23 

1  I 

213 

7  0 

108 

293 

•  • 

2(5 

1  29 

180 

4  0 

«  » 

177 

317 

•  ■ 

20 

1  28 

181 

1  0 

•  • 

109 

308 

23 

0  15 

190 

12  0 

20th   

1S1 

207 

25 

3  20 

101 

18  2 

1 » 

27th   

303 

170 

48 

27 

0  0 

180 

8  1 

» « 

251 

140 

53 

27 

0  21 

104 

10  2 

11th   

205 

122 

80 

25 

2  3 

171 

18  1 

» » 

18th    , ,   

287 

111 

100 

27 

0  9 

191 

3  1 

Welsh-mine  means  argillaceous  iron-ore  from  tho  coal-measures,  red 
ore  means  red  ha-matite,  and  Forest-ore  brown  hnematito  from  the 
Forest  of  Dean.  Tho  pig-iron  made  during  the  period  indicated  in  the 
preceding  statement  was  No.  2  and  No.  3  grey,  and  was  very  uniform 
in  quality.  Tho  tons  specified  are  of  2400  lbs.  avoird.  to  the  ton.  In 
varying  tho  charges,  the  fuel  is  constant,  except  in  extreme  cases. 


s  I  am  indebted  for  these  details  to  tho  ]     9  I  am  indebted   for  these  detail*  U> 
former  manager,  m£  friend,  Mr.  J.  K.  |  my  friend,  Mr.  William  Mcnolaus,  the 
Blackwcll.    I  have  not  received  any  ac-   manager,  July  25,  1803. 
count  of  the  charges. 
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556   CHARGES  AND  YIELDS  AT  ABERDARE  AND  ABERNANT. 
Example  of  Charges  and  Yields  at  the  Aberdabe  and  Abebnant 

FUBNA0E8. 


Pig-Iron,  etc.,  made  Week  ending  21th  June,  1803. 


•2240  lb*, 
quality.        |  ,mp<rlal  Weight 


Aberdare,  No.  1 
n  2 

it  8 
Abematit    „  1 

«i        ••  2 

Tons  ... 


249 

272 
208 
297 
327 


1353 


Charge  for  1  Ton  of  Pig-iron. 


Aberdare,  No.  1 . . 


G>AI, 


Iron-producing  materials. 


Lime. 

Furnace*. 


Hot-blast 
Kngines. 


Total. 


6  1  0 

„  2.. .15  0  0 

„  3...  34  3  17 

Abemunt    ,,  1...  6  0  5 

„  2...  6  2  17 


cwt.  qr.  lb  icwt  qr.  lb. 

80  0  17 
13    2  19 


21    0  18 
20    1  0(18 


cwtqr.  lb. 'cwt.  qr.  lb.  cwt.  qr.  Ib.icwt.qr.  lb.  cwt.qr.  lb. 
17    0  221  7    3    7  36    0  51 
10    0    4  8    2  20  37    1  13  }]    1  12  40    1  8 
13    2    8  10    2  19  44    2    4  | 
15    3  20  7    2    734    2  23, 

8    1    G38    0    8  i°    0  1786    1  8 


Average  charges  12    1  24  15    2    0  10    2  5 


8    1  27  37    3    7  0    3    5  38    2  12 


Pig-Jron,  etc.,  made  Week  ending  4th  July,  1863. 


Quality. 


22to  lba. 
Imperial  WeiRht. 


White 

287 

300 

..  3  

: 

214 

•I 

287 

II 

343 

... 

1431 

Charge  for  1  Ton  of  Pig-iron. 


Iron-producing  materials. 


cwt  qr.  lb. 

Abertlare,  No.  I...1  6  1  1 

2...  G  1  15 

„  3...  32  2  8 

Abemunt    „  1...  G  0  25 

.,  2...  6  2  2 

Average  charge8    9  3  24 


cwt.  qr.  lb.  cwt.  qr.  lb 
20    1  25 17    0  25 

20  2    1  17  111 

...    in  i  is 

21  2  27  17  0  8 
20    3    3  17    3  IS 


1G    2  23 


cwt.  qr.  lb. 

7  3  8 

7  3  1G 

9  3  10 

7  3  1 

8  0  14 


Coal. 
Hot-bla»t 


Total. 


cwt.  qr.  lb.  cwt.  qr.  II 

96   0  151 


:   !4|  1 
41    1  14  | 
35    2  \i\ 
37  1 


»  l.  qr.  lb. 

1  2539   0  10 


0    0  17,36    2  22 


16    3    0  S    0  24  37    O  17.  0    3  10  38    0  3 
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CHARGES  AND  YIELDS  AT  BLAENAVON. 
Pig- Iron,  etc.,  made  Week  ending  2bth  July,  1863 


5.57 


Quality. 


2240  His. 


Abcrdare,  No.  1 
•»  m  2 
».  n  3 

Abemant  „  1 
M  ••  2 


White 


278 
285 
253 
281 
320 


Tons 


I 


1120 


Charge  for  1  Ton  of  Pig-iron. 


AberUare,  No.  1. 
•t       it  2... 


H 

Abemant 


I 


Furnace*. 


Hot  blast 


Total. 


cwt.  qr.  lb.  cwt.  qr.  IbJcwL  qr.  lb.  cwL  qr.  lb.  cwt  qr  lb  cwt.  qr.  lb. 
6    1  2120    2    0  17    2  20  8    0    0(36    3  24 
0    1  15  20    1  11  17   2   7  8   2  27|30    2  23 


3...  32    1  19 
1  27 


M  •••• 
M       2.  .  . 


Average  cliarg<-a 


6 
8 


20  2  21 
1  20  20    2  18 


10    3  20 


14  0  3  0  2  22  40  0  25 

17  3  8  8  0  1237  1    2  L  „  ,f. 

17  3  5  8  0  10137  0  10  )  u 

10   2    s|l7  0  C|  8  1  loU  2  10  0  3  20 


cwt.  qr.  11. 

1    0  14  30    0  0 


37    3  IS 


38    2  I 


Charges  and  Yields  of  "Old  Blast  Furnace,"  Blaenavon 

Iron- works. — "  Cold-Blast."  1 

The  charge  for  upwards  of  ten  years  has  been — 

Calcined  native  mine    10  rwU 

Limestone   3J  „ 

Coke*   7 


•  The  coke  being  composed  of  ]  Old  coal  and  J  Three-quarter  coal. 
36  charges  pass  through  furnace  in  48  hour*. 

The  11  charge"  has  been,  per  ton,  of  iron  made — 

Ton*.   cvrU.  qr*. 

Kaw  mine   3     11  0 

Limestone   1       0  3 

Coal    2     14  2 


lb*. 
20 
5 
17 


The  avorage  make  per  week  of  mine-iron  for  the  last  ten  years  has 
been  10+J  tons,  in  the  following  proportions  on  the  average  : — 

No.  1    14-08  tons. 

No.  2   6-55  „ 

No.  3   10  86 

Grey  forge   18-61 

Common  forge    30*88 

Forge   218 

Bright    136  „ 

Mottled   1-50  „ 

Castings   3  61  „ 

50,000,000  cubic  ft.  of  cold-blast  air  are  consumed  weekly  in  the 
production  of  the  104-08  tons  of  iron.  Tho  pressure  of  blast  from 
2^  lbs.  to  3  lbs/per  square  inch. 

1  I  am  indebted  to  Mr.  Finch  for  these  .lentils,  Dec.  1863. 
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Example  or  Charge  in  No.  2  Blast-furnace,  at  the  Cwm  Celts 

Iron-works,  Monmouthshire. 

Number  of 

CwK 
80 
24 


Webb  mine,  calcined  (1  barrow  =  8  cwtu.) 
Rruwn  ha-matitc  from  Llanrrissant  1  lnirrow 


10 


8  cwta.)   3 

Forgo,  mill,  and  refinery  cinders,  part  raw,|     ,   u     .  „  . 

and  part  masted.  1.  t   1  b(UT0W  =  8  cwt*-  a 


I mn-yielding  material* 


18 


Coal,  mixed  (1  barrow  =  10  cwta.)   3 

Coke  (1  barrow  =  7  cwta.)    5 


8 


40 

144 

30 
35 

65 


Limestone. 


The  calculation  is  niado  by  barrows.  Eight  barrows  of  ami  and 
coke  mixed  are  the  unit  of  measure,  ami  the  proportions  in  which  they 
are  mixed  are  expressed  by  tho  fraction  |,  the  numerator  indicating 
coal,  and  tho  denominator  coke.  Thus  the  proportion  of  ore  is  esti- 
mated in  relation  to  8  barrows  of  fuel. 

Tons  •  c»U  qn  11* 

The  pig-iron  made  in  two  fnmaces  at  Cwm  Celyn  during)  00  . , .    -   A  n 
<r  Mnn.h  1X.Y7  <  22.114    7    0  0 


the  year  ending  March,  1857   f 

Tho  meau  yield  per  furnace  per  week  about 

Welsh  mine,  raw   per  ton  of  pig-iron 

HaMuatite      do. 

Forge,  mill,  and  refinery  cinders    do. 

Total  iron-yielding  materials    do. 

Limetttone    do. 

Total  coal  (inclusive  of  that  fmm  which »  , 
the  coko  was  produced)   J 


do. 
do. 

do. 

do. 

do. 


212 

0 

0  0 

1 

17 

2  12 

0 

— 

i 

8  28 

0 

11 

2 

2 

17 

1  9 

0 

3 

2  13 

1 

2 

3  0 

The  furnaces  were  worked  with  hot-blast  heated  in  gas-ovens.  The 
steam  of  tho  blowing  engine  was  also  heated  by  the  waste  gas  of  the 
blast-furnaces.  Tho  mine  was  calcined  with  coal  scraped  from  the 
roads.  Mr.  Levick,  ono  of  tho  proprietors,  informs  me  that  the  make 
of  this  year  was  quite  exceptional  with  regard  to  the  smallness  of  the 
quantity  of  coal  used  ;  and  Mr.  James,  the  blast-furnace  manager,  states 
that  this  is  tho  greatest  reduction  of  coal  he  had  ever  succeeded  in 
effecting  fur  1  ton  of  pig-iron  made. 

Example  of  Charge  for  Foundry  Iron  at  the  Clarence  Iron-wobks, 

NEAR  MiDDLESDORo'-ON-TeES,  BELONGING  TO  Mr.  I.  LoWTHIAN  BELL.1 

Cwts.  qra.      Cwta.  qrs. 

Cleveland  iron  ore    8     0   to   8  1 

Limestone   2     2    to   2  3 

Coke    GO 

A  description  of  ono  of  tho  furnaces  at  theso  works  has  been  previ- 
ously given.  The  yield  of  the  Cleveland  ore  varies  from  27%  to  32% 
of  pig-iron.  


*  Ixwg  tons  of  2400  lbs.  to  the  ton.  The 
«>al  18  calculated  by  tho  ton  of  21  cwta.  of 
120  lbs.  to  tho  ewt ;  iV.,  of  2520  lbs.  to 


the  ton. 

3  I  am  indebted  to  Mr.  Bell  for  tius  in- 
formation, received  Oct.  21),  1859. 
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Illustrations  showing  Variations  in  the  form  of  Blastfurnaces. 

Th«?  numbers  In  cubic  feet  at  the  bottom  indicate  the  solid  content*,  and  have  been  all  calculate.!  by 

Mr.  Pole. 


F%.  -5.   Mtbbet  on  Iron  and  Fig.  *6.    Mimhet  on  Iron  and  Fl*.  87.    French.  3700  cnl».  ft. 

Siecl.    4560  cub.  It.  .Steel.  19.>0cubft. 


F«.68.   Nithsdale  Scotland.  KIr.  *9.    Walney'*  Anthracite       Fig.  90.    No.  3,  Kbbw  Vale,  Sout!> 

4S«o  cub.  fu  furnace.  South  Wales.  l"2»  cub.  ft.  Wales    8*90  cub.  ft 
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FORM  OF  BLAST-FURNACES. 


Fig.  92.   Glengarnock,  Scotland.       Fig.  93.    No.  1,  Blaenavon,  South 
6270  cub.  fu  Wales.   5540  cub.  ft. 

The  charges  and  yields  of  this 
furnace  have  been  given. 


Hg.  95.    Ruabon,  North  Wales.         weekly  average  or  209  ton*  of 
J  K.  Black* ell,  1*59.  whlte-lron  during   63  con- 

6400  cub.  ft.  secntive  week*. 
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97.  SchneUler.  Hnnnay,  and  Co.,  98.    No.  17,  Kbbw  Voir.               99  An  old  furnace  at  Umlnl*. 

Hirrow-ln-Furues*.  Lancashire.  8000  cub.  ft.                      Copied  from  Knn.tr!.'*  At  la*, 

9300  cnb.  ft  t\*.  618,  published  HJI. 

.  .  H220  cub.  ft. 
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FORM  OF  BLAST-FUKNACES. 


Vertical  section  on  the  line  C  1>. 


Horizontal  section  on  the  line  A  B. 

u t  i  f1 

Kig.  104.    No.  1  Furnace.  Alienlare    I  am  indebted  to  Mr.  William  Menehuw,  of  U.wloU,  for  the  draw  ing* 
from  t»  hich  flgt.  1 03.  104  have  been  executed.    The  charges  and  yields  of  ibrM  furnaces  have  been  given 
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DIMENSIONS,  CHARGES,  AND  YIELDS  OF 


FiK.  105. 


No.  3.  Cwm  Celyn.    Not  completed.    16,560  tub.  ft. 


DIMENSIONS,  CHARGES,  AND  YIELDS  OF  THE  BLAST-FURNACES 

OF  PRUSSIA.4 

T  am  indebted  to  Dr.  Hermann  Wedding,  of  Bonn,  for  the  following 
compendious  account  of  the  dimensions,  charges,  and  yields  of  the  blast- 
furnaces of  Prussia,  which  cannot  fail  to  interest  the  British  iron-master. 

Prussia  is  rich  in  iron-ores,  but  they  seldom  occur  along  with  the  coal. 
In  former  times,  the  blast-furnaces  were  built  where  wood  abounded 
and  water-power  was  available ;  but  in  later  times,  as  the  use  of  coal  and 
coke  became  more  and  more  general,  it  was  found  that  the  coal-basins 
were  the  fittest  localities  for  the  erection  of  works,  as  it  was  more  easy 
and  economical  to  take  the  ore  to  the  fuel  than  the  fuel  to  the  ore, 

I.  Eastern  Provinces. — 1.  Upper  Silesia.— Thv  ores  of  Upper  Silesia  are 
partly  brown  iron-ores,  which  occur  near  the  surface  on  the  Muschel- 
kalk  limestone,  which  covers  the  coal-measures;  partly  clay  iron- 
stone, as  balls  and  bands  in  the  coal-measures  themselves.  These  are 
the  foundation  of  the  very  important  iron  industry  of  the  Upper  Sife- 
sian  coal-basin.    In  the  north,  in  the  districts  of  Kosenberg,  Krenz- 
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burg,  and  Lublinitz,  as  south  in  the  districts  of  Gleiwitz,  Kybnik, 
and  Katibor,  occur  clay  ironstones  (sphajroside rites)  in  the  oolite  and 
tertiary  formations,  and  these  supply  the  charcoal-furnaces  of  Upper 
Silesia.  The  clay  ironstones  are  brought  also  in  certain  quantities  to 
the  coke-furnaces,  and  the  brown  iron-ores  from  the  Muschelkalk-for- 
niation  to  the  charcoal-fu maces. 

A.  The  wke  Host- furnaces  of  Up/xr  Mesia.—  These  blast-furnaces,  which 
are  situated  on  or  very  near  the  coal-measures,  are  partly  worked  by 
the  Government  (fiscus),  and  partly  by  private  individuals. 

After  the  Prussian  occupation  of  Silesia,  Frederic  the  Great  ordered 
a  certain  Mr.  Khedanz,  a  high  official  connected  with  the  direction  of 
forests,  to  look  out  for  fit  places  for  iron-works;  so  that  by  the  deve- 
lopment of  the  iron  industry  in  this  then  poor  and  thickly- wooded 
land  the  inhabitants  might  be  better  supported  than  was  possible  by 
purely  agricultural  pursuits.  Malapane,  three  miles  south-west  of  the 
town  of  Oppeln,  on  the  banks  of  a  river  of  the  same  name,  was 
selected,  because  of  its  great  richness  in  superficial  bog-ores.  In  175:t 
the  building  of  the  first  furnace  began,  and  in  17.'>4  it  was  blown  in. 
Soon  better  ores  in  the  Oolite  were  found  not  far  away,  and  the  woods 
furnished  plenty  of  fuel.  The  erection  of  another  Koyal  and  many 
private  furnaces  quickly  followed.  In  1780,  Reden,  subsequently 
1  >berl>erghaupttuann  and  minister,  was  appointed  Mining  Director  of 
Silesia.  He  made  a  long  journey  through  England,  particularly  to 
inform  himself  as  to  the  use  of  coal  and  coke  in  the  smelting  and 
manufacture  of  iron.  He  ordered  trials  with  coke  to  be  made  at 
Malapane  (the  first  was  in  1789),  and  finding  success,  he  instructed 
Mr.  Wedding,  grandfather  of  the  author,  at  that  time  building-inspector, 
and  Mr.  Hogatsch,  Royal  assessor,  to  present  plans  for  a  large  coke-work 
at  Gleiwitz.  This  done,  the  building  was  commenced  under  Mr.  Wed- 
ding's personal  direction  in  1704.  In  1700  this  blast  furnace  —  the 
Jird  coke  blast-furnace  on  the  icfcAe  continent  of  Europe — was  in  blast. 

Two  years  later  a  still  larger  Royal  work,  Konigshiitte,  was  begun 
and  executed  by  Mr.  Wedding,  and  a  Scotchman,  Mr.  J.  Baildoo 
(engaged  by  the  above-named  Mr.  Reden),  who,  in  1 805,  built  an  iron- 
work on  his  own  account.  The  first  two  furnaces  of  Konigshiitte  were 
blown  in  in  1802.  From  that  period  dates  the  rapid  progress  of  the 
iron  industry  of  Upper  Silesia. 

There  arc  two  Government  works,  viz.  the  above  named  Qleiwitl 
and  Konigshiitte.  (ileiwitz  has  now  two  blast-furnaces.  The  ores  are 
brown  iron-ore  of  26%  produce,  clay  ironstono  of  40%,  and  balling 
furnace-cinder  of  50  %,  inclusive  of  cast-iron  scrap. 

Cir.  Ctr*. 
For  1  <if  pig  iron  were  it-quired  8*25  iron-producing  iiuttcrifdH  (ore  ami  cinder). 

, ,  0'!)8  limestone. 

2-04  coke. 

l'he  weekly  produce  of  one  furnace  is  about  900  ctrs. 

Konigshiitte  has  six  blast  furnaces,  and  the  foundations  of  two  others 
are  laid.  The  weekly  produce  of  each  furnace  is  about  1100  ctrs. 
(in  18G1  exactly  1095  ctrs.).  The  ores  are  clay  ironstones  of  30% 
produce,  and  brown  iron-ores  of  25°/.  to  28°/    (often  only  20 r  > 
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For  1  ctr.  of  pig-iron  were  required  3-45  ctrs.  of  iron-producing 
material,  1*16  ctr.  of  limestone,  and  2*13  ctrs.  of  coke. 

Experiments  were  made  to  produce  bricks  of  the  powder  of  poor 
iron-ores,  and  to  smelt  with  raw  coal.  If  the  Prussian  Government 
enters  into  competition  with  private  individuals  in  its  works,  it  always 
conducts  these  experiments,  etc.,  for  the  benefit  of  the  whole  country.* 

Thero  are,  besides  these  Koyal  works,  lb'  private  works,  with  42 
blast-furnaces,  31  of  which  were  in  blast  in  1861. 

The  produce  of  all  the  coke-furnaces  was  as  follows:— 


Koyal  Works 
Private  , , 


t » 
• » 
» > 

•  • 

•  i 

>  • 
» « 


Name. 

Konigshtitte   

(i  lei  wit/.   

I^iuruhiitte  , 

Tarnowitwr  Htttto 
Hnhenlohe  HiiiU* 

VnUnnliiitte   

DonnenmiarkhiiUV 
HutM-rtUHliiitto  ... 
Antonienliiitte  ■•• 

Friedenshtitte  

Berthahutte  

I  i  <  <  I  ■  II  li  lit t< 1   

Eintraehtshiitte  ... 
Knttowitzer  Hiitto 


In  blast. 
No.  of  bliut-fur. 

s 
1 

4 
4 
3 
4 
4 
4 
2 
1 
1 
2 
1 
1 

37 


Produce. 
Cir*. 

304, 1  53 
4f>,313 
101,770 
153.2(H) 
101,903 
98,703 
93,409 
89,823 
79,092 
04,410 
40,455 
40,029 
37.057 
4,571 

1,320,578 


Most  of  the  ores  are  very  poor,  the  brown  iron-ore  yielding  only  from 
20  %  to  30  %  of  iron ;  but  the  clay  ironstone  yields  30  %  to  40  %.  The 
brown  iron-ore  is  nearly  all  earthy  and  in  a  dry  state,  like  powder,  and 
contains  a  considerable  amount  of  lead  and  zinc,  particularly  the  latter, 
which  accumulates  near  the  top  of  the  furnace,  in  the  form  of  a  solid  in- 
crustation (Gichtschwamm).  The  coal  is  semi-bituminous,  often  anthra- 
citic,  and  is  frequently  impregnated  with  much  sulphur,  so  that  if  even 
it  were  possible  to  use  it  raw,  the  sulphur  would  be  often  an  obstacle. 

15.  Charcoal-funiaoes.— Thero  are  two  Koyal  works— Malapano  and 
Kreuzburger  Iliifte,  each  with  1  furnace. 

The  dimensions  of  the  furnaces  are  as  follow,  and  they  are  nearly 
the  same  in  all  others :  30  ft.  high  and  7  ft.  across  the  boshes ;  there  are 
2  twyers  from  H  to  1 1  in.  in  diameter. 

Small  quantities  of  coke  are  used  in  most  of  these  furnaces. 

Malapam.— Weekly  produce  282  to  300ctrs.  The  ores  used  are  clay 
iron-ores,  calcined,  of  from  30%  to  40%  produce,  and  earthy-brown 
iron-ores. 

The  charcoal  is  chiefly  derived  from  fir-trees  (Kiefer),  and  only  in 
small  proportion  from  beech  and  other  trees. 

1  Klafter  wood  (  =  108  cub.  ft.)  gives  57  to  59  cub.  ft.  of  charcoal. 

For  1  ctr.  pig-iron,  18-1G  (sometimes  only  16)  cub.  ft.  of  charcoal  arc 
required,  and  0'Gli  ctr.  of  limestone. 

Castings  are  produced  direct  from  the  blast-furnace  (thero  is  a 


A  The  Prussian  Government  is  as  keenly 
alive  tn  its  own  peeuninrv  interest*  as 
private  individuals,  and  lias  entered  into 


aetive  competition  with  private  firms. — 
J.  P. 
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Schopf  heerd),  and  the  establishment  is  celebrated  for  its  chilled  cast- 
ings, such  as  hard  rolls  and  railway-wheels. 

Krtuzburger  Hatte.  —The  furnace  charges  are  nearly  the  same.  The 
blast-furnace  has  3  twyers  of  1  §  in.  in  diameter.  The  pressure  of  the 
blast  is  from  ^  to  J  lb.  per  square  inch,  and  the  temperature  from 
60'  to  90°  R.  (\67°  to  234-5°  F.). 

The  produce  of  all  the  different  charcoal-works  which  are  situated 
on  banks  of  rivers  and  rivulets,  dispersed  in  tho  preceding  districts, 
is  as  follows  : — 


Royal  Works 


Private 


» • 


Name. 

Malapnnc   

Kreuzburger  Hiitto  

In  the  district*  Kreis.7  of— 

Roeenl)erg  

Lublinitz  

Gleiwitz   

Beatben   

Gross  Strehlitz   

Rybnik  

Gael   

Pleas  

Oppeln  

Kieuzburg   

Falkenberg  


In 


bla.t. 

Produce, 

blaat-f 

jr.  Ctrs. 

1 

14,098  N.6 

1 

14,390  N. 

5 

122,259  N. 

8 

107,904  N. 

5 

99,345  N. 

5 

77,4l»0  N. 

« 

58,410  N. 

2 

30,000  S. 

1 

29,200  8. 

2 

28,585  8. 

2 

23,700  N. 

1 

14,988  N. 

1 

2,425  N. 

40 

622,8(10 

(inclusive  of  2875  ctrs.  of  Pig  Steel  Iron.) 

1801.— Price  of  charcoal  pig   I#5  Thaler"  =  4$.  6VZ. 

coke    11  to  1  2  Thaler.* 

•  Tbe  price  ofcokc-plg  baa  rinn  considerably,  and  at  the  beginning  of  1 963  it  waa  1  •  5  thaler  (=4*.  <xl)  per  ctr. 

In  Upper  Silesia  are  produced : — 

Value  of  1 

1.  6- 

2.  28- 

measures. 

3.26-44    95,581     ,,  ,,  clay  ironstono   from  the  Oolites 

uml  Tertiaries. 


I  •  94  Bgr.9 . . .  577, 173  tonuen  ( 1 1.  s  7J  cub.  ft.),  brown  iron-tiro  ( from  Muschelkalk ). 
!'27    47,502     ,,  .,  clay    ironstone    from    tho  coal- 


The  pig-iron  obtained  in  tho  charcoal- furnaces  is  excellent ;  it  is 
used  partly  for  castings,  and  is  mostly  light  grey ;  but  if  for  chilled 
castings,  mottled  pig  produced  with  less  fuel  is  employed  (Rohgaug). 
Jf  only  tho  ores  No.  3  (clay  ironstones)  are  used,  a  pig-iron  good  for 
steel -making  is  easily  obtained. 

Very  good  ground-plans  of  the  larger  works  of  Upper  Silesia  aro 
given  in  the  following  work  :  Studienreise  der  Shulirenden  des  Berliner 
Uwrlxinstituts,  durch  die  Provinz  Schlesien.    Berlin,  1859-1801. 

2.  Ijower  Sikiria  and  county  of  Glatz.— The  works  are  situated  partly  in 
the  Government  district  of  Breslau,  and  partly  in  that  of  Liegnitz. 
The  ores  used  at  the  works  in  the  Lower  Silesia  district  of  Breslau 
belong  principally  to  the  crystalline  slates  and  granite;  magnetic  iron- 
ore  occurs  near  Schmiedeberg,  in  gneiss,  together  with  brown  iron-ore 


*  N.  nu-ans  the  northern,  S.  tho  southern  into  several  Kreise. 

ehsircoal  district.  s  1  Thuler  =  3a. 

7  That  is,  tho  district  round  a  larger  9  1  £gr.  =  5'5  Tluiler. 

town.  A  province  is  divided  into  govern-  1  „  =  ,',  shilling. 
mcuWUotricts,  ami  u  government-district 
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near  Kleisengrand,  Neudorf  and  Johannisberg,  Leitenberg  and 
Schreckendorf,  in  mica  slate ;  and  red  iron-ore  in  lodes  and  beds  at  dif- 
ferent places  near  Keilendorf  and  Willmannsdorf.  In  addition,  the 
coal-measures  of  Lower  Silesia  yield  argillaceous  ores. 


In  1861  the  ores  raised  were  as  follows: — 

~  AtCtr*.  1  Otr. 

lonnen.  ^  u  Value  iff. 

1.  Brown  iirm-ores  of  Heudorf  and  Joliannislx*rg         1546  7-2 

2.  Clay  ironatonc  conl  measures)                              1093  7*2  2*50 

3.  Blaekband           ditto,                                     0309  6  4  S'83 

4.  Ktnl  imn-ort*  from  Ki  ikndorf  and  Willimmnsilorff  49«)9  8-8  5  00 

5.  Magnetic  ore  from  Bchmiedeberg                            1G3  10 '0  5  00 


Tlicre  are  only  six  blast-furnaces  at  four  works.  The  largest  is  Vor- 
wjirtshutte,  near  Waldenburg,  which  smelts  especially  the  magnetic 
ore  of  Schmiedeberg  with  coke. 

In  18(51,  one  furnace  only  was  in  blast  at  Schreckendorf,  and  made 
(5407  ctrs.  of  pig-iron,  charcoal  being  the  fuel. 

3.  Prussian  Ni.ro/jy.-In  Prussian  Saxony  there  are  several  blast- 
furnaces, in  which  are  smelted  brown,  red,  and  magnetic  iron-ores 
fr»»m  older  formations,  or  crystalline  rocks  ;  but,  notwithstanding  the 
richness  of  the  ores  is  great,  these  furnaces,  owing  to  the  want  of  cheap 
fuel,  are  of  no  great  importance. 

The  fuel  is  charcoal,  sometimes  intermixed  with  a  little  coke.  The 
principal  work  is  that  of  Count  Stolberg,  at  llsenburg,  in  the  Harz. 
The  ornamental  castings  here  produced  are  widely  known.  There  are 
also  rolling  and  wire-mills. 

The  yield  from  2  blast-furnaces  was  1 1 ,800  ctrs.  of  pig-iron,  and 
13,400  ctrs.  of  castings,  lied,  brown,  and  magnetic  iron-ores  from 
Elbingerodo  are  principally  smelted, 

There  are  also  works  in  the  Government  district  of  Merseburg,  Jo- 
sefshutte,  near  Kottleberode,  and  Prinz-Carhshutte,  near  Kothenburg; 
but  in  1861  they  were  not  in  operation. 

In  addition  to  these  works  are  others  in  the  Thuringian  departments 
of  Prussia,  districts  of  Ziegenruck  and  Schleusingen  :  the  former  are 
widely  celebrated  for  the  excellent  quality  of  the  iron  made  from  the 
pig,  and  used  for  the  small-arm  manufactories  at  Snhl ;  the  latter  have 
beautiful  spathic  ores  near  Kamsdorf.  The  three  blast-furnaces  (Holl- 
and Blaiuifen)  made  o7>74ctrs.  of  pig-iron. 

In  the  Prussian  departments  of  Prussian  Saxony  were  produced:— 


m,   At  Ctrs.  Value  n.  ctr. 

per  t.  sgr. 

Brown  iron-ore   4819  72  2  86 

Clay  ironstone   494        0-4  469 

Simthio  iron-ore    2488  8  7  3  47 

Bed  iron-ore   7500        8-8        2  17 


4.  The  lowland  of  North  Prussia.— Including,  1.  The  Government  dis 
trict  Liegnitz  of  Silesia;  2.  The  provinco  of  Saxony,  excepting  the 
works  under  the  former  divisions  (2  and  3);  and  3.  The  provinces  of 
Brandenburg,  Pommern,  Posen,  and  Preussen. 

In  these  districts  bog  iron-ore  is  the  material  employed,  charcoal  being 
the  fuel,  sometimes  in  admixture  with  coke,  and  water  the  usual  motive 
power.    Tho  oro  is  spread  about  the  country  in  enormous  quantities 
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near  the  surface,  and  is,  therefore,  easily  gotten.  The  presence  of  phos- 
phorus in  it  renders  it  suitable  for  the  production  of  pig-iron  adapted 
for  castings,  particularly  for  pots,  doniebtic  stoves,  cannon  balls,  etc. 
Some  of  these  ores,  called  "  frische  Erze,"  have  a  black,  bright  fracture, 
and  they  are  the  richest;  but  the  pig-iron  which  they  yield  is  said  to 
be  the  most  brittle  ;  others,  which  are  earthy  in  appearance,  are  pre- 
ferred, notwithstanding  they  are  poorer.  The  produce  of  iron  varies 
from  20%  to  29°/0.  Some  of  the  following  works,  in  addition  to  bog 
ores,  smelt  clay  ironstones,  etc.,  from  other  localities.    The  furnaces  are 

2.  )  ft.  to  30  ft.  high,  and  5  ft.  to  7  ft.  wide  at  the  boshes  ;  1  to  2,  seldom 

3,  twyers  are  employed.  The  weekly  produce  is  from  180  to  300  ctrs. 
There  is  one  Hoyal  work  at  Wondolleck  (Government  district  of  Ovm- 

Imnen,  Prussia  Proper),  where  pots  are  made  and  enamelled.  A  gas 
puddling-furnace  is  also  in  operation  there. 

In  the  Government  district  of  Liegnitz  are  15  works,  with  20  blast- 
furnaces, and  18  in  blast.  In  1861  they  yielded  212,785  ctrs.  of  pig- 
iron,  which  was  run  direct  from  the  furnace  into  castings. 

In  the  Government  district  of  brvmberg  are  2  blast-furnaces,  1  in 
blast,  which  yielded  6500  ctrs.  of  castings. 

There  are  several  blast-furnaces  dispersed  through  the  provinces  of 
Pommern  and  Brandenburg,  as  at  Torgelow,  Pleiske,  Vietz,  Peitz,  Alt- 
hammer;  but  they  only  continue  in  blast  long  enough  to  supply  the 
need  of  the  inhabitants  in  the  neighbouring  country. 

In  the  province  of  Saxony  :  1.  Tangerhiitte.  In  1861  this  work,  which 
has  a  good  foundry  and  enamelling  work,  made  12,456  ctrs.  of  castings 
and  5592  ctrs. of  cast-iron  (waste)  from  the  blast-furnace.  2.  The  iron- 
work of  Lauchhammer  %  widely  renowned  for  its  beautiful  castings.  It 
is  the  same  work  in  which  have  been  cast  many  of  the  bronze  statues  for 
Rerliu  and  other  places  (e.  g.  Kiss's  Amazon,  and  Ranch's  Frederic  the 
Great).  At  this  work  were  made  from  the  furnace  13,440  ctrs.  of  pig 
iron,  and  22,0'M  ctrs.  of  castings.  Chiefly  bog  iron-ore  is  used,  but  in 
admixture  with  brown  and  magnetic  ores  from  the  kingdom  of  Saxony. 

Bog  iron-ores  were  worked  in  the  following  districts  :  — 

Province  of  Silesia   3l,7»;G  tiinnen  at  .)  ctrs.  per  t. 

Prussia  Pmper    2,150  ,, 

, ,        Posen    M»8  . , 

Saxony  and  Brandenburg  34,174 

II.  The  Western  Provinces  of  Prussia. — A.  The  country  on  the  riqht  of  the 
tihine. — The  iron-works  in  Westphalia  and  Hhenish  Prussia  are  to  bo 
classified  in  two  groups :  one  north,  in  the  coal  basin  of  the  Huhr ;  and 
one  south,  in  the  hilly  country,  particularly  that  of  Siegen. 

1.  The  works  of  t/te  coal  basin. — Tntil  about  the  middle  of  this  century 
charcoal  was  the  fuel  in  nearly  all  the  works;  and  bo£  iron-ores  of 
the  flat  country  the  sole  ores.  Subsequently  other  ores  and  also  coke 
were  introduced  ;  and  since  1850  an  entire  change  has  taken  place. 
Now  charcoal  is  scarcely  used.  The  blast-furnaces  of  the  districts 
of  Minden  and  Munster  produced  87,205  ctrs.  of  charcoal  pig;  bog 
iron-ores  were  smelted  only  at  Friedrich  Wilhelmshiitte,  near  Graven- 
horst,  in  admixture  with  |  brown  iron-ore,  the  fuel  now  being  charcoal 
and  formerly  compressed  peat ;  and  at  Holter  Hiitte,  near  Bielefeld. 
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In  1837  the  yearly  produce  of  this  country  wag  only  little  more  than 
100,000  ctrs. ;  whilst  in  1861  were  produced  more  than  3,000,000  ctrs. 
of  pig-iron. 

The  iron-ores  are  in  part  derived  from  the  coal-measures,  and  in  part 
from  the  cretaceous,  liassic,  magnesian,  and  carboniferous  limestone 
formations  ;  those  from  the  first  consist  chiefly  of  black-band  ironstone, 
though  ordinary  argillaceous  and  true  spathic  ores  of  importance  also 
occur  in  these  measures,  and  those  from  the  other  formations  are  red 
and  brown  ore. 

The  produce  of  black -band  and  spathic  ore  from  the  coal-measures 
was  about  4,o'.*>0,000  ctre.  Hut  there  are  now  smelted  here  large  quan- 
tities of  spathic  ore  from  Siegen,  and  red  ores  from  the  river  Lahn, 
and  in  smaller  quantities  from  the  country  near  Brilon. 

At  the  Ajderbecker  Hittte,  ores  from  the  green  sand  and  red  iron-ores 
from  the  country  near  Brilon  are  employed  ;  at  Hasstinger  Hutte  (3)  and 
fIoixlry  black-band  ;  at  Altenbeckcr  Hiittey  and  the  work  Porta  ]Ye$tj)halica, 
jurassic  ores  (oolitic) ;  at  Frieclr.  W.  Hutte  and  Hotter  Hiitte,  bog  iron- 
ore  ;  all  the  other  ores  from  the  coal-measures  in  admixture  with  the 
above-mentioned  ores. 

The  furnaces  are  mostly  built  on  the  Scotch  and  Belgian  plans,  and 
are  about  50  ft.  high. 

Henrkhah&tte  furnaces : —  No.  i.  X0.2. 

ft.  to.  ft  to.  i 

Height                                                              54  0    ...  54  0 

Top  diameter                                                        9  6    ...  8  8 

Width  ut  the  bodies                                           15  84  ...  15  2 

Hearth  at  the  top                                                   2  10  1  , 

,,    it  the  bottom                                         3  U\}'"  *  * 

There  are  two  twyers,  which  are  above  the  bottom...    2  5    ...  2  5 

Hassliiufcr  Hutte— Tho  furnaces  are  after  the  Scotch  inodel :  height 
45  English  feet  Feet. 

Top  diameter   9 

Width  at  the  boshes   16 

Hearth    7 

Number  of  twyers    ♦> 

In  18(51  the  produce  of  the  larger  works  was  as  follows  :— 

v  Furnaces.  1  "reduce. 

>am*'  InbUst.     Out  of  blast.  CUx 

1.  Henrichshiitte,  near  Hattingen    8  1  452,400 

2.  H  order  Hutte   4  3  445,803 

3.  Haadingliatuef  Hutte,  Neuaehottknd    J  0  424,300 

4.  Olierhausen  (Jucoht\  Haniel  and  JIuywen  )  4  0  666»<M5 

5.  Ptu.nix  111  ,  near  Kupfenlreh   1  2  26*5,845 

0.  .Joluitmishiitte,  near  Duisburg   2  0  253,037 

7.  Friedrieh  Wilhelms  Hiitte,  near  Muhlheim  2  0  184,056 

8.  Phfinix  II ,  n»«r  Ruhrort   1  2  15ti,814 

t».  Niederrheiniseho  Hiitte,  near  Duisburg   2  0  144,239 

10.  Phouix  I  ,  near  lierge  Borbeck    1  3  122,117 

There  are  altogether  (including  smaller  works)  19  works,  with  17  fur- 
naces out  of,  and  Ml  in,  blast ;  and  in  1861  the  make  was  3,018,272  ctrs. 
of  pig-iron.  The  price  of  pig-iron  per  ctr.  was  about  1  Thaler  9  sgr- 
(  =-loss  than  4>\).    It  was  chiefly  forge-pig  of  good  quality. 

There  are  some  other  works  not  belonging  particularly  to  this 
group,  which  are  supplied  with  coke  from  this  coal  basin  :  for  instance. 

Digitized  by  Google 


THR  BLAST-FURNACES  OF  PRUSSIA. 


571 


Diinscheider  lliitte  and  Britannia  Iliittc,  on  the  right  bank  of  the 
Rhine,  and  one  work  near  Ncuss  on  the  left  bank.  The  first  two  were 
out  of  blast  in  1801  ;  the  Neusser  Hiitte  produced  from  1  blast-furnace 
115,957  ctrs.  pig-iron. 

2.  Southern  country.— The  most  important  localities  in  this  district  are 
Siegen  and  tho  vicinity.  Splendid  lodes  of  spathic  and  brown  iron- 
ores  occur  there,  and  also  specular  red  iron-ores.  Tho  first  two 
descriptions  are  rich  in  manganese,  and  very  pure ;  whilst  south  and 
north  of  this  district,  where  tho  younger  Devonian  crops  out,  beds  of  an 
excellent  red  iron  ore  appear,  connected  mostly  with  hyperite  (a  pecu- 
liar granite-like  rock)  and  schalstone  (a  peculiar  hornblendic  rock.) 

a.  Works  in  the  district  of  Siegen  and  the  vicinity. — The  blast-furnaces  of 
this  country  are  very  old.  It  is  certain  that  in  the  beginning  of  the 
15th  century  pig-iron  was  made  in  "blau"  or  "hohdfen:"  and  here 
it  seems  the  invention  of  blast-furnaces  originated.  The  pig-iron  had 
always  a  very  high  and  world-wide  reputation ;  but  slow  progress  in 
the  way  of  improvement  was*  made,  in  consequence  of  the  curious  old 
practice  that  several,  and  often  many,  persons  were  the  joint  owners  of 
a  furnace,  and  each,  during  one  or  two  days  in  succession,  smelted  his 
own  materials.1  The  opening  of  two  railways  last  year  has  had  a 
great  influence  in  rendering  it  possible  to  use  coke;  notwithstanding 
charcoal  always  will  continue  to  be  employed  for  the  best  sorts  of 
spiegelciscn.  The  first  experiment  with  coke  was  made  at  the  (then 
]{oyal)  Loherhuttc  in  1855.  Formerly  the  furnaces  were  all  either 
square  or  octagonal  in  internal  section  ;  and  it  was  only  in  1840  that 
furnaces  circular  in  section  were  introduced. 

The  greatest  part  of  tho  spathic  ores  is  calcined."  The  newest  kilns 
are  2: J  ft.  in  height,  and  13  ft.  wide  ;  and  the  fire-place  is  from  4  ft.  to 
7  ft.  square.  They  may  contain  as  much  as  500  cub*  ft. 

Dimensions  of  some  blast-furnaces  : — 


1.  Burgholdingbaaaen 

2.  Mitsen  

A.  Lohe  

4.  Sieghtitte  

a.  Oosenbach   


Total  Height. 


Feet. 
A\ 
27 
40 
27 
•A2 


Hearth.  Top,  Ifcmhes, 

height.  width.  width. 

Feet.  Feet.  Fret. 

5  3J  10 


Dimemiox*  of  hearth  in  inches. 


Bottom.  Top. 


I. 

2. 
4. 
5. 
3. 


•  i,  t.  from  front  to 


back.    All.  except  No.  3,  are  rectangular  in  horiiontal 


1  This  practice  in  still  continued  at 
BOON  small  lead-smelting  works  in  the 
western  provinces  of  Prussia. 


2  A  calcined  spathic  ironstone  from 
Stahlberg  (Miisenj  contains,  according 
to  Sehuahcl  s  analysis  :~ 


Protoxide  of  Iron  (?) 
|*riitoxtde  of  manganese 

Lime  

Magne»la   

Silica  


84-60 
12-47 
081 
1  96 
016 


100  00 
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The  charges  usually  consist  of  4  calcined  of  (by  measure)  spathic 
ore,  and  |  brown,  with  more  or  less  red  iron-ore. 

It  is  only  exceptionally  that  spathic  ore  is  smelted  raw. 

For  Bpiegcleisen  calcined  spathic  ore  is  nearly  exclusively  used. 
Limestone  and  sometimes  lime  are  used  as  flux,  and  clay-slate  for  the 
production  of  spiegeleisen. 

The  limestone  contains  about  95  V.  of  eurlinnate  of  lime. 
TUe  elayslate      . .      fn»m  (55%  to  75%  of  silieu,  and  from  15%  to  35  73 

of  alumina. 

The  charge  of  limestone  varies  from  1  %  to  10%. 

elayslate  |%  to  2% 

'Hie  produce  of  one  furnace  daily  is  from  180  to  250  ctrs.  The  Hardter- 
hiittc  produced  sometimes  280  ctrs.,  and  even  380  ctrs.  exceptionally. 

The  liurgholdiughauHcn  furnace  produced  on  an  average, 

with  only  charcoal  190  Ctrs. 
The  Mi'wcn  furnace  ,,  ,,  100  ,, 

J  coke  90  , , 

The  Lohe  furnace  , ,  onlv  charcoal  200-210  Ctrs. 

\  coke  2:10-210  ,, 
*  coke  200  280  .. 

Commonly  the  produce  decreases  as  soon  as  coko  is  employed,  solely 
because  the  blowing-engines  are  not  powerful  enough;  for  the  Lohe 
furnace  has  a  powerful  engine,  and,  in  consequence,  a  higher  produce 
tcith  <v/n>  is  there  obtained. 

Rarely  the  period  during  which  a  furnace  is  uninterruptedly  m  blast 
(Campagne)  exceeds  a  year. 

Weight  of  mattriah  used: 

l  Seheft'el  of  raw  Kjiftthic  <>rc*    1  1»3  to  2-50  ctrs. 

1        ,,        ealeinctl  on*    1  85  to  2-10  ., 

I  In-own  iron-on-   1*50  to  1*83  ,. 

I        ,,        retl  (specular  i  ore   l-:»Ot<»2(J0  ,. 

On  an  avenige  for  10  ctrs.  of  pig  lire  require!  13  or  14  Kchem  l  of  raw  sjmthic  ofv. 

spiegcl  pig  are  required  11-12  of  niw  spathic  ore  of 
Inst  quality. 

•  1  BcbtfM  =  \  tonne  =  ij  cub.  ft. 

As  ab  »ve  stated,  calcined  spathic  and  brown  (with  some  red)  ores 
are  used  for  pig,  and  of  these  materials  are  required 

15  2  ctrs.  of  calcined  spathic  ore. 
71     ,.    brown  and  red)  iron-ore. 

22*9  ctrs.  ores,  i.e.  ores  of  ahout  45%. 

Theavemge  amount  of  limestone  is  0*42  to  0-0  ctr.  for  1  ctr.  pig,  smelted  withclwro«l. 

1*0  to20    ,,     1         .,  Jeoke. 

At  works  where  spiegeleisen  is  chiefly  and  purposely  made,  only 
from  70  %  to  00%  of  true  spiegeleisen  is  produced.  In  that  case,  for 
10  ctrs.  of  spiegeleisen  are  required  from  10  to  12  tonnen  (I  ton.= 
7^  cub.)  of  charcoal;  for  common  pig,  8  to  9  tonnen;  or  for  Spiegel* 
risen  about  102  to  120,  and  for  pig  80  to  90,  of  charcoal  for  100  in 
weight.  Coke  is  said  to  be  used  in  the  ratio  of  from  117  to  120  to 
100  of  pig  in  weight.  All  these  numbers  are  averages,  but  they  very 
often  differ  in  the  various  works,  as  might  be  inferred  from  the 
different  materials  used,  etc. 

Uesides  these  works,  there  belong  to  the  same  group  several  iron* 
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works  outside  the  boundary  of  the  Siegon  district,  viz.  the  Royal  works 
and  the  private  works  near  Sayn  and  Neuwied,  situated  on  the  banks  of 
the  Rhine.  In  some  of  these  furnaces  only  coke  is  used,  in  others 
charcoal ;  in  some  only  spathic  and  brown  iron-ores  are  smelted,  in 
others  red  and  brown  iron-ores  from  the  Lahn  river  are  used  in  addi- 
tion (Nassau  and  Prussian  Wetzlar).  Further;  there  is  the  Friedrich 
Wilhelmshiitte,  near  Siegburg,  where  the  same  materials  are  also 
smelted,  with  the  addition  of  sphaerosiderites  of  the  tertiary  (brown 
coal)  formation,  and  similar  ores  as  at  the  works  mentioned  1>c1ow 
under  U  ;  and  lastly,  the  Eintrachtshiitte  at  Hochdahl,  both  using  only 
coke  in  largo  furnaces. 

The  names  and  produces  of  the  most  important  pig-iron  works  in  the 
Sicgen  district  in  1801  are  as  under  : — 

Name 

Bfrlenbacber  Hiitt*- 
Hardter  . , 

T iefenWlur    , , 
Alt*  Wmn     . . 
Eua-rffhler 
Siegliiittn 
(JnwnWhor    , , 

Several  new  large  works  are  now  built  near  Sicgen. 

The  Royal  works  at  Sayn  produced,  in  3  furnaces,  which  together 
were  only  82  weeks  in  blast,  156,698  ctrs. ;  Hermann*hutte,  near 
Neuwied,  51,97*5  ctrs.;  Friedrich  Wilhelmshiitte,  near  Siegburg, 
15.3,800  ctrs.  ;   Eintrachtehiitte,  near  Hochdahl,  347,(502  ctrs. 

Royal  Iron-works  at  Sayn. — 1.  One  coke-furnace  made  weekly  997  ctrs., 
mostly  for  foundry  purposes.  For  100  by  weight  of  pig  were  used  274 
of  ore,  108  of  limestone,  and  132  of  coke. 

2.  Another  coke-furnace  made  weekly  3042  ctrs.  of  forge  pig ;  and 
used  for  100  by  weight  of  it  227  of  ore  (spathic  and  brown  ore  from  the 
Royal  mines,  red  ore— upper  Devonian— from  Wetzlar),  8<5  limestone, 
and  123  of  coke. 

3.  The  charcoal-furnace  for  gun-foundry  iron  yielded  weekly  453} 
ctrs.;  and  for  100  by  weight  of  pig.  2.M5  of  ore,  47  of  limestone,  and 
143  of  charcoal  were  required. 

The  pig-iron  of  this  establishment  is  widely  celebrated,  and  the  prices 
paid  for  it  often  greatly  exceed  those  for  the  produce  of  any  other  works. 

The  furnace  No.  2  has  the  following  dimensions; — Height,  48£  ft.; 
height  of  the  hearth,  7  ft.  ;  from  the  bottom  to  the  boshes,  22  ft. ;  top 
diameter,  9  ft. ;  width  at  the  boshes,  15  ft. ;  width  of  tho  hearth  at  the 
upper  part,  4  ft.  ;  ditto  at  the  lower  part  3^  ft. ;  height  of  the  twyers 
above  the  bottom,  3^  ft. ;  3  twyers  of  2\  to  2\  in.  in  diameter ;  pres- 
sure of  the  blast,  2$  to  3  lbs. ;  temperature  of  the  blast,  100°  to  135° 
Rcaum.  (  =  257°  to  336"  F.)  ;  gases  taken  off  for  heating  the  boilers  and 
air-apparatus. 

b.  Otlier  teorfor. — There  is  one  group  of  small  works  near  Rtinderoth, 
whore  ores,  occurring  at  tho  surface  of  the  Devonian  scries,  called 
Lonne-slates,  are  smelted.  The  fuel  is  charcoal,  sometimes  in  admix- 
ture with  small  quantities  of  coke.    They  are  of  no  great  importance. 


Pruliice.  v  lYudnw. 

Ctrs.     I  >alw-  Ctm. 

04,000    Bemlorfer  Hiitt*    38.4S4 

56,000   Ei*nior    37,500 

55.590   Winner    35/J72 

92,823   Hain<  r    35,000 

47.400   Ni«l«r*helaYr   :tl,000 

4 5,'. MM)   MurienlH.rm-r    88,190 

42. (MM)   Tisehbaoh.r    32.400 
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Several  blast-furnaces  which  use  the  brown  and  red  iron-ores  of  the 
middle  and  upper  Devonian  formation  are  situated  near  the  northern 
limit  of  the  mountainous  country  ;  but  though  they  may  become  of 
considerable  importance  when  connected  by  railways  with  the  Kulir 
coal  basin,  thero  is  now  only  one  worth  mention  in  which  the  red  iron- 
ores  near  Brilon  are  exclusively  used.  It  is  called  Bredelar,  and  is 
well  known  for  its  tough  and  strong  pig.  There  are  also  some  works 
in  the  district  of  Wetzlar ;  but  in  18*51  they  were  not  in  operation. 
Their  material  is  also  principally  the  red  iron-ore  from  the  upper 
Devonian.  These  red  iron-ores  contain  earthy  matters,  in  such  propor- 
tions that  no  flux  is  necessary. 

In  the  whole  of  this  district— viz.  II.  A.  2.  (a  and  b)  the  southern 
part  of  the  country  right  of  the  Rhine—  are  o.'i  iron-works,  with  74 
blast-furnaces,  57  of  which  were  in  blast  in  18(>1,  and  produced 
1,9:>8,474  ctrs.  of  pig-iron,  350,009  ctrs.  of  which  wore  made  with 
charcoal,  and  858,044  with  a  mixture  of  charcoal  and  coke. 

Private  mines  produced  in  this  district  :— 

149,024  tinmen*  of  Brown  iron-ore. 
:M)7,30b'  ..       Spathic  ,. 

48,185  ..  Clay 

183,183         ,,  Hod 

(•►87,098  tonnen 

The  Royal  mines  produced  38,378  tonnen  of  spathic  and  brown 
iron-ores. 

Prince's  mines  (Standesherrliche)  produced  : — 

13, C10  tonnen*  of  Brown  iron-ore. 
52,965      ,,  Spathic 
11,002      .,  Clay 

•  I  tonne  =  7^  cub.  ft 

B.  The,  country  lift  of  the  Rhine. —  Loft  of  the  lihine  are  four  groups  of 
works  :  those  connected  with  the  coal  basin  of  the  lude  ;  tho>e  con- 
nected with  the  coal  basin  of  the  Saar;  those  in  tho  mountains  of 
Kifel,  i.e.  north  of  the  river  Mosel ;  and  those  in  the  mountains  of 
Soouwuld,  south  of  the  river  Mosel. 

1.  Inde  basin. — In  1861  here  were  two  works  ;  only  one  is. of  import- 
ance, the  Concordiahiitte.  Two  of  the  three  furnaces  belonging  to  it 
wore  in  blast,  and  produced  270,000  ctrs.  of  pig-iron.  The  ores  are 
partly  from  the  neighbourhood,  out  of  the  carboniferous  limestone  and 
upper  Devonian  series,  partly  from  Nassau,  and  other  places.* 

2.  Saar  basin. — Tho  works  in  or  near  this  coal  basin  use  coke,  and 
chiefly  make  forge-pig.  There  are  U  works,  with  19  furnaces,  of  which 
13  wore  in  blast  in  1801,  and  produced  770,247  ctrs. 

3  Tho  first  ore  occurs  in  small  angular  left  to  consolidate  in  shallow  pits.  When  it 
compact  lumps,  generally  varying  in  size  has  thus  acquired  the  proper  degree  of  eon- 
from  a  walnut  to  a  pen,  mixed  with  much    sistency,  it  is  fashioned  into  bricks  which 


ore  in  a  pulverulent  state.  On  this  account 
the  ore  could  not  lie  directly  smelted.  It 
is,  therefore,  subjected  to  a  washing  pro- 
cess, and  the  products  are  lumps  tit  for 


after  the  usual  processes  of  drying  hiw 
I  mining,  are  ready  for  smelting.  The  bricb 
are  tolerably  compact  The  process  is  re- 
ported to  be  economical ;  but  in  this  respect 


snicking  nnd  ore  mud  or  slime,  which  is    much  must  depend  on  local  circumstances. 
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The  most  important  are  : — 

Burbucher  Hiitte  (4  furnaces)  3  in  blast,  produced  349 ,048  ctrs. 
Neunkircher  5  ,,  300,511  „ 

Geislauterner    (2  furnaces)    1  ,,  42,000  „ 

Bellinger  1  ,,  34.714  H 

Only  1  furnace  of  Neunkircher  Hiitte  used  charcoal  and  coke 

The  ores  are  chiefly  from  the  coal-measures  of  the  Saar ;  but  ores 
are  also  brought  from  other  localities,  particularly  Nassau. 

3.  Works  in  the  Eifel. — The  Eifel  Mountains  abound  in  excellent  iron- 
ores,  but  as  yet  this  district  is  not  opened  by  railways  ;  and  as  wood 
is  scarce,  the  iron  industry  cannot  flourish ;  the  formerly  celebrated 
and  flourishing  works  of  the  Schleidener  Thai*  decline  more  and 
more  every  year. 

They  are  mostly  small  charcoal-furnaces,  dispersed  in  the  valleys, 
11  of  which  produced  111,677  ctrs.,  namely — 

In  the  Government  district  of  Aachen  6  furnaces  produced  42,730  ctre. 

Otbleiiz  1  ,,  0,351)  ,, 

Trier     4  ,,  59,588  ,, 

There  were  9  other  blast-furnaces  not  in  blast. 

Only  one  coke-work,  called  Quint,  is  situated  in  this  district,  near 
Trier.  It  has  5  furnaces,  4  of  which  yielded,  in  1861,  213,160  ctrs. 
Occasionally  for  foundry  iron,  coke  and  charcoal  are  used  in  admixture. 

The  charges  are— 


L  2. 

15%    20%  red  iron-are. 

40%    30%  ore  from  Luxemburg. 

35%    50%  clay  iron-ore. 

10%    •••  cinders. 

40%    30%  limestone. 


4.  Works  of  the  Soonicald. — The  ores  are  clayey  (often  a  little  phosphoric) 
brown  iron-ores,  occurring  for  the  most  part  superficially  in  decomposed 
Devonian  rocks.  The  fuel  is  charcoal.  They  produce  a  good  foundry 
pig-iron. 


The  most  important  works  are  . —              Jn  produce. 

Rheinboller  Hiitte  (3  furn.1   2  40.207 

Stromberger  ,,     (1  ,,   )   1  21,585 

Griifenbacher,,     (2  ,,    )   2  24,117 

Asbacher       ,,      1        )   1  6,930 


III.  Hohenzollern  Counties. — The  ores  are  pisolitic  ores  from  the 
Oolite  formation  (superficial).    There  are  some  very  good  works  here. 

1.  Laucherthat,  2  furnaces,  1  in  blast,  produced  22,014  ctrs. ;  furnace, 
334,  ft.  high ;  width  at  the  boshes,  75  ft.  ;  top  diameter,  3  ft. ;  width  at  the 
upper  part  of  the  hearth,  29  in.,  and  at  the  bottom,  19  in. ;  2  twyers. 

2.  Thiergarten. — 1  furnace  produced  '31,724  ctrs. ;  furnace,  31  ft.  high  ; 
width  at  the  boshes,  7^  ft. ;  top  diameter,  3  ft. ;  width  of  the 
hearth  at  the  bottom,  17  in. ;  3  twyers.   Daily  produce,  60  ctrs. 

Both  are  charcoal-furnace  works. 

*  Here  the  well-known  "  Distillation 
process,"  a  refining  in  the  blast-fnrnace 
itself,  has  been  carried  on  for  centuries. 
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Before  tupping  the  twyers  are  inclined 
and  the  blast  directed  upon  the  molten 
pig-iron  in  the  hearth. 
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OX  THE  PRODUCTION  OF  MALLEABLE  IRON  FROM 

CAST-IRON. 

The  process  which  is  now  most  extensively  practised  for  the  con- 
version of  cast-iron  into  malleable  or  wrought  iron,  is  that  of  puddling. 
But,  before  the  introduction  of  that  process,  the  conversion  was  always 
effected  in  a  finery  or  hearth,  in  which  the  metal  was  melted  in  con- 
tact with  the  solid  fuel,  and  so  exposed  to  tho  highly  oxidizing  action 
of  a  blast  of  atmospheric  air;  and  this  ancient  method  is  still  in  ope- 
ration both  in  this  country  and  abroad,  though  at  no  distant  time  it 
will  probably  be  entirely  superseded.  Charcoal  is  the  only  fuel  that 
can  be  used  with  advantage,  on  account  of  its  freedom  from  sulphide 
of  iron,  which  exists  in  all  coal  or  coke  in  such  a  degree  as  injuriously 
to  affect  the  quality  of  the  iron  with  which  it  may  come  in  contact.  In 
the  process  of  puddling,  on  the  contrary,  mineral  fuel  may  be  em- 
ployed, becauso  the  conversion  takes  place  on  the  bed  ef  a  reverbe- 
ratory  furnace,  and  there  is  no  contact  between  the  solid  fuel  and  the 
metal  operated  upon ;  and  without  such  contact  the  sulphur  of  the 
sulphide  of  iron  does  not  pass  to  any  sensible  extent  into  tho  iron. 

Unfortunately  we  have  no  simple  English  verb  for  the  operation 
conducted  in  the  charcoal  finery  or  hearth,  equivalent  to  the  German 
44  Frischen The  word  refining  might  be  adopted,  if  it  had  not  been 
previously  applied  to  the  process  of  partially  decarburizing  pig-iron 
by  melting  it  under  coke,  and  so  subjecting  it  to  tho  influence  of  a 
blast  of  air.    The  apparatus  in  this  country  is  designated  a  charcoal 
hearth,  or  charcoal  finery ;  and  I  shall  hereafter  employ  both  indis- 
criminately, though  perhaps  it  might  be  more  correct  to  restrict  tho 
term  hearth  to  the  particular  part  of  tho  finery  in  which  tho  metal  is 
treated.    Still  tho  hearth  is  essentially  the  finery.    Tho  word  fining 
may,  for  want  of  a  better,  bo  and  occasionally  is  adopted  to  indicate 
the  process ;  notwithstanding  it  seems  somewhat  absurd  to  designate 
the  process  of  incomplete  decarburization  as  refining,  and  that  of  prac- 
tically complete  decarburization  as  only  fining ;  and  difficult,  moreover, 
to  avoid  confusion  in  the  use  of  these  two  very  similar  terms.  How- 
ever, I  fear  that,  for  the  present  at  least,  there  is  no  alternative  ;  and  I 
shall  therefore  apply  the  word  fining  to  the  operation  of  converting 
cast  into  malleable  iron  by  tho  specific  process,  or  series  of  processes, 
now  to  be  considered,  i.e.  in  a  hearth  or  open  fire,  urged  by  a  blast  of 
air  with  charcoal  as  the  fuel. 

The  modifications  which  the  fining  process  has  undergone  in  dif- 
ferent localities  are  numerous,  but  they  are  substantially  the  same  in 
principle.  Tho  problem  is  the  removal  of  the  carbon  from  pig-iron, 
and  this  is  effected  partly  through  the  direct  action,  at  a  high  tempe- 
rature, of  the  oxygen  of  atmospheric  air,  and  partly  through  the  action 
ff  the  oxygen  contained  in  the  oxide  of  iron  generated  in  the  process, 
or  in  a  compound  of  oxide  of  iron  expressly  added.  The  reader  is  re- 
commended very  carefully  to  study  the  reactions  which  have  been  fully 
described,  especially  those  concerning  the  reduction  of  the  silicates 
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of  protoxido  of  iron  by  carbon,  etc.  Tho  word  cinder  is  commonly 
used  in  our  iron-works  instead  of  slag,  and  I  shall  accordingly  employ 
the  two  as  synonymous.  The  cinders  which  are  produced  in  fining 
are  silicates  of  protoxide  of  iron — never  more  highly  basic  than  tribasic 
— in  association  with  compounds  or  mixtures  of  protoxide  of  iron,  and 
variable  proportions  of  sesquioxide  of  iron,  but  chiefly  of  the  former. 
The  cast-iron  to  be  treated  is  introduced  into  the  hearth  in  different 
ways,  and  in  the  different  states  of  white,  mottled,  and  grey ;  and  the 
manipulations  vary  somewhat  in  consequence.  But  in  every  case  the 
same  object  is  to  be  attained,  and  the  same  agents  are  resorted  to  for 
tho  purpose. 

Some  metallurgical  writers  have  described  the  modifications  of  the 
fining  process  with  a  degree  of  minuteness  positively  bewildering,  and 
have  presented  elaborate  classifications,  resting,  in  many  instances,  on 
a  remarkably  slender  foundation ;  60  much  so,  indeed,  that  it  is  impos- 
sible to  detect  any  absolutely  essential  distinction  between  them.  The 
manipulations,  also,  have  been  recorded  with  wearying  precision  and 
monotony,  and  with  an  amount  of  petty  details  which  I  venture  to 
think  are  worse  than  superfluous.  In  operations  like  that  of  fining, 
these  details  must  be  acquired  by  experience,  and  can  never  be  other- 
wise mastered,  so  as  to  be  capable  of  direct  application.  It  is  so  indeed 
in  every  art,  properly  so  called.  While  I  would  bo  tho  last  man  to 
disparage  book  knowledge,  yet  I  must  confess  that  what  I  may  term 
descriptive  over-refinement  may  excite  repulsion  in  the  mind  of  the 
reader,  and  be  therefore  mischievous. 

Tho  most  complete  and  comprehensive  modem  treatise  on  the  subject 
is  unquestionably  that  of  Professor  Tunner,  Director  of  the  Mining 
School  at  Leoben  in  Styria ;  and  I  shall  freely  avail  myself  of  it.1  The 
treatise  of  Wigand  on  the  same  subject,  previously  published,  is  useful 
and  compendious,*  and  may  be  consulted  with  advantage. 

Professor  Tunner's  classification  is  as  follows  : — 

I.  Austrian  slag  process. 

{dsterreichi$che  SchtcaRarbeit.) 


Once-melting  down  pro- 
cess. 

( Einmalsch  melzerti. ) 


II.  Styrian  charcoal  process. 
(Steirifche  L6$c>uirbeit.) 


in.  Cnrinthian  charcoal  process,  with  discs  of  pig-iron. 
[Karittn.  iAiwharbett  tntt  geltrat.    IUatiein  oarr  mit 
KoriiUch,) 

IV.  Sitgen  oncc-melting  down  process, 
(  Siegen  acht  EinmalKhmefzerti.) 


V.  Tvrol  process. 

{TyroteSehmiede.) 

VI.  Iiombartlv  Miigla-  and  8alzburg  sinter-process. 

{Lvmh<\rdi»che  Miiglu-  und  der  Salzburger  Sinter- 

urheit.) 


1  Die  Stabeison  und  Ktahlbcrcitung  in 
Frischhenkn  2  vols.  8vo.  Freiberg,  ]  858. 
Together  they  contain  609  pages,  and  there 
arc  numerous  excellent  lithographic  and 


woodcut  illustrations. 

*  Frisehhiittenbetrieb,  oder  :  Fabrication 
des  Stab-  oder  Schnnodeeiacns.  August 
Wigand.    Berlin,  1837.    8vo.    pp.  144. 
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Wulloon  process. 


German  or  breaking-up 

process. 
( Deutsche  oder  Aufbrech- 
schmiede.) 


VII.  Eifel  Walloon  process. 

(L7/fer  IKattoiMcAmiede.) 

VI II.  Swedisli  Walloon  process. 

{Schicedische  Walhnschmiede.) 

1 1.  Lancashire  process. 
I     {Lancashire  Schmiedc.) 
IX.  English  Walloon  process  < 

'  EngliscfteWaUonscJimiede.il  2.  South  Wales  process. 

I      Sudwaleser  Schmiedr.j 

X.  Styrian  Walloon  process. 

'  Steirische  WaUonschmieile.) 

XI.  Bohemian  running  together  process. 
{Bohmische  Aidaufschmitde.) 

XII.  Swabian  process. 

{Schwabische  Schmiede.) 

XIII.  French  process. 

(FranzOsische  Schmiede.) 


XIV.  Rohnitz  process, 
s.  {Rohnitzer  Arbeit.) 

I  propose  to  select,  for  particular  description,  Nos.  VIII.,  IX.,  X., 
the  only  ones  which,  in  the  opinion  of  my  experienced  friend  Mr.  Grill 
of  Sweden,  are  worth  describing,  and  to  treat  in  a  cursory  manner  of 
the  others.  Only  Nos.  VIII.,  IX.,  and  X.  are  now  in  use  in  Sweden, 
the  old  German  process  being  nearly  extinct  there. 

The  South  Welsh  Process. 

I  am  greatly  indebted  to  Mr.  Williams,  manager  of  the  Morfa  Tin- 
plate  Works,  at  Llanelly,  Glamorganshire,  for  the  elaborate  and 
accurate  drawings  made  by  himself,  from  which  tho  accompanying 
large  woodcut  has  been  executed. 

The  apparatus  consists  of  a  "melting  finery,"  commonly  termed 
refinery,  or  running-out  fire,  to  be  more  particularly  described  here- 
after, and  two  charcoal  fineries  or  hearths.  The  pig-iron  is  melted 
under  coke  by  means  of  a  blast  in  the  melting  finery,  and  the  molten 
metal  is  allowed  to  flow  into  the  two  charcoal  fineries,  supposed  to  be 
ready  to  receive  it. 

Utter*.     Nm.  Description  of  the  Woodcut,  p.  5S4,  585. 

Horizontal  plan  of  melting  finery  or  fire. 
Horizontal  plan  of  one  of  charcoal  fineries. 
Elevation  of  melting  fire,  shown  partly  in  section. 
Elevation  of  charcoal  finery. 
Front  elevation  of  melting  fire. 
Front  elevation  of  charcoal  fineries. 

N.B.  The  corresponding  parts  of  the  different  views  are  marked 
with  similar  letters. 
a  a       1,3      Blast-pipes  leading  from  main-pipe. 
b  b         ,,        Water  twycrs. 

N.B.  The  angle  or  dip  of  water  twycr  is  changed  as  the  bottom  of 
brickwork  wears  down.    In  the  drawing  the  bottom  is  supposed 
to  be  newly  laid. 
c  , ,       Water-block,  forming  tho  back  of  fireplace. 

d  , ,       Cistern  for  holding  workmen  s  tools. 

e       I,  3,  5    Cast-iron  plates  forming  sides  of  fireplace. 
/    1      , ,     1  Front  or  cinder-plate. 


Nos. 

1 

2 
3 
4 
5 

6,7 
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Utters.  I  Nos. 


9 
h 


n  n 


0 


7 


I 

t 
u 


1.  4,5 

1,7 

0 

4,  0,7 


2,  4,  7 


4,6 


0,7 
0 

2.0,7 
4.0 

4,7 


u 


9 


CiMtcrn  from  which  water 
twyere  are  supplied. 

Cistern  for  cooling  finer- 
man's  tools,  one  of  these 
to  each  finery. 

Recess  in  masonry  for  the 
cistern  (h)  of  left-hand 
finery. 

Small  reservoir  of  water 

for  preventing  injury  to 

t  wye  re  in  case  the  sup- 
ply of  water  should  be 

temporarily  stopped. 
Merrit  plate  in  two  halves, 

with  frame,  in  which 

twyer  pipes  are  adjusted 

and  fixed. 
Cast  •  iron   plate  forming 

bottom  of  finery,  kept  in 

position  by  a  wrought- 

lron  wedge -bar  shown 

in  section  in  No.  6. 
Back  and  side  plates  of 

cast-iron. 
Cinder-plate  with  holes  for 

the  flowing  out  of  molten 

cinder. 
Fore-plate  or  table. 
Apertures    in    sides  of 

finery,     loosely  filled 

with  bricks  when  fires 

are  at  work. 
Similar  openings  in  front 

and  bock. 
Water  twyers. 

Blast-pipe  furnished  with  a  moveable  nozzle. 
Air-way  underneath  hearth,  into  which  water  is 

thrown  to  cool  bottom  plate. 
Supports  for  finermen's  bore  whilst  working  the  iron. 

as  fulcru. 


1- ner=  A- 


fHI 


-4&— 


Fig.  lot!.    Tools  used  in  charcoal  finery. 

a,  |  u  .[  bar.   b,  t»  *r  with  chisel-e»lgv.  c, 

booked  bar.  <'.  shovel,  r,  tone*.  /,  small 
hammer  for  hammering  pointa  of  bars,  g,  shal- 
low scoop  for  throwing  on  water,   k,  anvil. 


occasionally 
These  serve 


Description  of  the  process  as  1  saw  it  conducted  at  tfie  Morfa  lin-plute  Works, 
Sept.  9th,  1859. — Pembrokeshire  pig-iron  made  at  Saundersfoot  Furnace* 
and  Cumberland  luematite  pig-iron  were  employed  in  admixture,  and 
melted  together  in  the  melting  finery  in  quantity  sufficient  to  fill  the 
two  charcoal  fineries.  The  melting  finery  is  tapped  at  the  bottom,  so 
that  metal  alone  flows  at  first,  and  as  soon  as  the  slag  formed  during 
the  process  appears,  it  is  diverted  and,  as  far  as  practicable,  kept  apart 
from  the  inetal ;  but,  nevertheless,  some  will  find  its  way  into  the 
charcoal  fineries. 

2h.  10™.  The  charcoal  fineries  having  been  heated  from  the  last 
operation,  and  duly  prepared,  were  fillod  in  succession  with  molten 
metal  from  the  melting  finery.  Some  slag  escaped  along  with  the 
metal  into  the  charcoal  fineries,  whore  it  speedily  solidified  and  was 
afterwards  removed  as  a  crust.  This  done,  a  basket  of  charcoal  was 
thrown  in,  and  the  blast,  which  was  cold,  let  full  on.  The  metal 
having  more  or  less  completely  solidified,  yet  being  very  friable,  was 
broken  up  by  an  iron  bar,  mixed  with  the  charcoal  in  the  hearth,  and 
heaped  up  toward*  the  twyer  side.    Wator  was  thrown  at  intervals 
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over  the  charcoal  to  prevent  its  burning  unnecessarily  to  waste.  If 
this  be  not  done  frequently,  great  loss  of  fuel  occurs.  The  pieces  of 
metal,  which  had  not  been  collected  into  the  previous  ball,  were  now 
put  in.  The  metal  was  loosened  and  raised  up  from  the  bottom  and 
twyer-side  from  time  to  time.  This  sort  of  manipulation  continued. 
These  operations  as  to  time  depend  to  a  certain  extent  on  the  nature 
of  the  materials  omployed  and  the  skill  in  manipulating. 

2°.  45m.  Some  pieces  of  metal  from  the  last  hammering  were  picked 
out  by  a  two-pronged  fork  and  put  into  the  hearth.  The  blast  had 
been  full  on  since  the  beginning. 

2h.  53  w.  Cinder  was  tapped  off.  Great  use  was  made  of  the  hooks 
at  the  sides  as  fulcra  for  the  bar,  and  for  pressing  down  the  pieces  of 
metal,  so  as  to  unite  them  to  the  ball  in  process  of  formation. 

3h.  Cinder  was  tapped  off  and  more  charcoal  added. 

3h.  8m.  Cinder  was  tapped  off,  but  only  a  small  quantity  ran  out. 

3h.  10m.  The  blast  was  diminished. 

3h.  17m.  Cinder  was  tapped  off,  and  the  detached  pieces  of  iron  in 
the  hearth  were  pressed  well  down  upon  the  ball. 

3b.  22*°.  Tho  blast  was  very  much  lessened. 

3h.  23™.  The  ball  was  taken  out  and  hammered. 

The  chief  tool  used  is  a  pointed  bar,  fig.  106a.  There  is  a  small  anvil 
by  the  side  of  the  hearth,  on  which  this  tool  is  hammered  so  as  to 
keep  it  straight  and  pointed.  There  is  also  a  hooked  bar  with  a 
wooden  handle  :  see  fig.  106. 

The  cinder  from  the  charcoal  fineries  is,  when  practicable,  returned 
in  part  to  tho  melting  finery,  in  order  to  increase  the  '*  yield"  of  iron. 
Some  descriptions  of  iron  will  take  or  carry  more  cinder  than  others. 

At  the  Pont-y-Mister  Tin-plate  Works,  near  Abercarn,  Monmouth- 
shire, I  have  also  carefully  watched  tho  process,  and  the  manipulation 
appeared  to  be  identical  with  that  abovo  described.  The  following 
notes  were  made  on  the  spot : — 

lh.  38m.  The  metal  was  run  from  the  coke  melting  finery  into  the 
charcoal  finery.  Numerous  sparks  were  emitted  from  tho  iron  in  the 
hearth  as  the  cinder  solidified  on  its  surface.  The  metal  was  in  ebul- 
lition before  the  blast  was  lot  on.  Tho  solidified  cinder  was  taken  oft' 
as  a  crust.  Tho  blast  was  let  on  full  from  the  first.  The  metal  was 
broken  up,  mixed  with  charcoal,  piled  up  round  tho  twyer,  and 
melted  down.  As  it  melted  it  was  worked  in  front  of  the  blast.  This 
process  of  melting  down  is  sometimes  called  "  sinking  a  lump"  or  simply 
41  sinking." 

2h.  12m.  Cinder  in  small  quantity  was  tapped  off. 

2\  1  lm.  Cinder  was  tapped  oft'. 

2h.  40m.  The  ball  was  put  under  the  hammer. 

There  is  a  distinct  indented  impression  of  the  end  of  the  twyer  on 
the  twyer  side  of  the  ball,  and  the  ball  is  placed  under  the  hammer 
with  this  indentation  facing  the  hammerman  or  shingler. 

The  cinder,  which  is  last  obtained,  solidifies  into  a  more  or  less 
cylindrical  piece,  hollow  in  tho  centre,  which  is  technically  termed 
"fox-tail."  This  cinder  does  not  flow  through  the  cinder  hole,  and  is 
formed  thus  :  —  When  the  workman  inseits  his  bar  in  the  cinder  h<  1 
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portion  of  the  cinder  congeals  around  its  (comparatively  cold)  point. 
As  it  is  too  large  to  pass  through  the  hole  when  the  bar  is  withdrawn, 
it  is  removed  from  the  hearth  after  the  "lump"  is  taken  out. 

Two  of  the  best  workmen  started  at  their  fineries  at  the  same  time  ; 
but  one,  being  more  expert,  brought  out  an  excellent  ball  some  minutes 
sooner  than  the  other.  The  manipulation  may  appear  inde,  but  it  is 
not  so,  and  the  workmen  differ  greatly  in  skill. 

At  the  Pont-y- Mister  Works  from  .">  to  0  cwts.  of  pig-iron  were 
melted  down  in  the  coke  melting  liners*  to  supply  two  charcoal  fineries. 
At  Pontypool  the  charge  was  from  200  to  250  lbs.  for  each  charcoal 
finery. 

At  the  Morfa  Works  there  were  two  hammers  driven  by  straps. 
The  hammer  is  laised  three  times  during  one  revolution  by  three 
cams  successively  striking  the  tail  end.  From  the  lower  face  of  the 
hammer  is  a  projecting  piece  with  a  narrow,  flat,  rectangular  surface, 
and  in  the  anvil  below  is  a  similar  and  corres]>onding  piece  projecting 
upwards.  Squeezers  are  not  used,  as  it  is  maintained  that  the  iron 
would  n«»t  be  sufficiently  sound  without  hammering.  In  first  hammer- 
ing, the  ball  is  plaeed  not  under,  but  on  the  inside  of  the  pieces  pro- 
jecting from  its  lower  face  and  the  anvil  respectively. 

The  Kail  is  hammered  out  into  a  narrow  rectangular  slab  108  (a),  more 
or  less  rounded  off'  at  the  ends,  and  about  1}  in.  to  2£  in.  thick,  and, 

while  still  hot,  it  is  nicked  across  to  a  considerable 
depth  in  seven  or  eight  places  at  about  equal  dis- 
tances apart  (</).  This  is  done  under  the  hammer 
by  applying  a  bar  of  iron  having  a  wedge-shaped 
or  chisel-like  end  (Y>).  Occasionally  the  slab  is 
completely  cut  through.  The  nicked  slab,  still  in 
a  red-ln>t  state,  is  plunged  into  cold  water,  whereby 
the  superficial  coat  of  oxide  is  more  or  less  com- 
pletely detached  ;  much  hydrogen  gas  is  evolved, 
which  burns  with  a  yellow  flame.  This  flame 
does  not  always  appear.  The  slab  is  next  placed 
on  a  sort  of  long  anvil  with  several  narrow  up- 
right projecting  ribs,  so  that  the  nicks  may  be 
Fig.  ion.  downwards  and  about  midway  between  these  pro- 

jecting pieces  respectively  (<■).  Then  by  striking 
the  slab  with  a  narrow-ended  sledge  (e)  over  tho  nicks,  it  is  readily 
broken  into  pieces  which  are  termed  4i  stamps."  A  stamp  weighs  about 
20  lbs.,  and  the  fractured  edges  are  bright  and  crystalline.  The  end 
portions  of  the  slab  are  worked  apart,  as  the  iron  made  from  them  is 
never  so  sound  as  that  from  the  other  portions,  which  are  duly  examined, 
and  assorted  according  to  their  degree  of  soundness  or  freedom  from 
imperfectly  converted  or  crude  metal.  Any  portions  of  metal  which 
may  break  oft'  during  the  hammering  are  put  into  tho  charcoal  finery 
with  the  next  charge. 

The  Hollow  Fire. 

During  tho  further  manipulation  of  the  stamps,  the  hollow  fire  is 
used  for  re-heating.    Jt  is  represented  in  the  accompanying  woodcuts, 
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Kig.  109.  Hollow  Fire.  Front  elc  valioti. 
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which  have  been  executed  from  drawings  by  Mr.  Williams,  of  the 
Morfa  Tin-plate  Works. 
Fig.  109.  Front  elevation. 

Fig.  110.  Horizontal  section  on  the  line  A  B,  figs.  109,  111. 
Fig.  111.  End  elevation,  half  sectional. 

The  corresponding  parts  in  the  different  views  are  indicated  by  the 
same  letters. 

100,  110,  111,  a.  Platform  of  stone  or  brickwork. 

109,  111,  b.  Two  cast-iron  plates  covered  with  3  in.  brickwork, 
forming  the  bottom  of  the  fire-place,  and  which  are  kept  cool  by  an 
air- way  underneath. 

109,  111,  c.  Opening  through  which  the  coke  and  44  morsel"  are 
withdrawn  when  the  fire  is  cleaned.  \\  hen  the  fire  is  in  use,  this 
opening  is  stopped  loosely  with  half  bricks  and  ashes. 

109,  110,  111,  d.  Partition  between  the  two  fires  of  4$  in.  brickwork. 

This  partition  is  now  omitted,  without  any  disadvantage  to  the 
working  of  the  fire. 

109,  110,  111,  e.  Hole  through  which  the  fire  is  supplied  with  coke, 
dotted  in  fig.  109. 

109,  110,/.  Table  of  cast-iron  for  holding  coke. 

109,  liO,  111,  g.  44  Fore-plates  "  or  rests  for  44  staffs,"  supported  by 
brackets  attached  to  the  cast  iron  framework  of  the  fires. 

109,  110,  111,  h.  Doors,  dotted  in  fig.  110. 

109,  110,  r.  Stoves  for  heating  the  iron. 

109,  111,  k.  Blast  holes. 

110,  111,/.  Holes  inside  of  fire-place  communicating  with  stoves. 


Hollow  Fl».   End  He  vat  ion,  bulf  Dtctional. 
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The  stoves  when  in  use  are  closed  by  thin  wrought-iron  plates, 
recessed  for  the  handles  or  staffs.  The  position  of  these  plates  is 
shown  by  dotted  lines  in  fig.  110.    There  is  no  chimney. 

The  furnace  above  described  is  termed  a  double  hollow  fire.  It  is 
urged  by  cold-blast,  and  consists  essentially  of  two  similar  reheating 
or  welding  chambers,  separated  from  each  other  by  the  vertical  wall  dy 
figs.  109,  110,  111.  Each  of  these  chambers  is  supplied  with  one  twyer, 
directed  downwards  at  a  slight  angle.  Coke  is  the  fuel  employed,  and 
the  iron  to  be  welded  is  heated  in  the  flamo  from  the  coke,  and  never 
comes  in  contact  with  the  coke  itself.  The  waste  flame  passes  chiefly 
backwards  through  the  opening  /,  figs.  110,  111,  into  what  are  termed 
the  stoves,  where  the  iron  is  subjected  to  a  preliminary  reheating  before 
its  introduction  into  the  welding  flame  ;  but  flame  is  always  escaping 
in  a  greater  or  loss  degree  at  the  doors  h.  A*  very  high  and  equable 
temperature  is  attained  in  the  hollow  fire ;  and  as  the  iron  is  heated 
entirely  by  flame,  it  is  not  liable  to  the  injury  it  would  receive  by 
contact  with  mineral  fuel,  containing  sulphide  of  iron. 

The  stamps  are  heated  on  what  is  termed  the  14  staff,"  which  is  a  bar 
of  iron  about  4  ft.  long,  welded  at  one  end  to  a  flat  pieco  or  blade  of 
iron,  of  the  same  quality  as  the  stamps ;  it  resembles  in  shape  a  baker's 
peel :  see  fig.  112.  They  are  piled  upon  the  blade  of  this  staff  to  the 
extent  of  about  80  lbs.,  raised  to  a  welding  heat,  and  hammered  out 
into  flat  slabs  about  6  in.  broad  and  about  2}  or  3  in.  thick.  The 
end  of  the  staff  is  lengthened  from  time  to  timo  from  the  pile,  with 
which,  after  hammering,  it  forms  one  mass.  The  slab  is  then  nicked 
across  the  middle  of  its  upper  surface,  and  one  half  is  doubled  upon, 
and  welded  to,  the  other  in  the  same  manner  as  in  the  first  instance. 
By  this  means  the  two  surfaces  of  the  finished  plate  are  found  to  be 
uniform  in  quality,  each,  in  fact,  being  derived  from  that  of  the  under- 
side of  the  blade  of  the  staff ;  whereas,  before  the  doubling  was  resorted 
to,  it  is  stated  that  the  finished  plate  had  a  smooth  side,  which  cor- 
responded to  the  flat  part  or  blade  of  the  staff.  This  improvement  was 
introduced  in  1820,  and  is  ascribed  to  Mr.  William  Daniell.  It  is 
known  as  the  invention  of  "  tops  and  bottoms,"  and  is  reported  to  have 
been  a  source  of  much  gain.8 

The  staff,  after  the  slab  is  separated  by  tho  shears  for  the  purpose 
of  being  rolled  into  a  bar,  consists  of  little  besides  the  handle  or 
narrow  portion,  and  is  represented  fig.  1 12. 

It  requires  "  mending,"  and  this  iny  


on  the  same  side  of  tho  staff,  and 


1  Mr.  Ehenezer  Rogers  on  the  Mann-  I  of  the  South  Wales  Institute  of  Engineers, 
faoture  of  Tin  riatos.  p.  16.    Proceedings  |  Jan.  1HT>7. 


is  effected  in  the  following  manner : 


Two  "stumps"  are  placed  on  the  Fi«- 


Side  view. 
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the  entire  niass  is  drawn  out  or  hammered  into  a  slab  3  in.  thick 


and  <>  in.  wide ;  the 
as  shown  in  fig.  114. 

t  /.    .  —>= 

Fig.  114.    Part  n-mniulng 
of  original  stuff. 


Fig.  115.  Staff  doubled. 

mered-out  piece  is  reheated,  cut  off,  and  rolled. 


nick"  or  cleft  is  made  on  the  staff  ride, 


To  complete  the  process  the 
end  portion  is  bent  backwards,  as 
shown  in  fig.  115,  and  the  whole 
iR  reheated,  welded,  and  hammered 
into  a  slab  about  3  in.  thick  and 
6  in.  wide;  after  which  the  ham- 


Fig.  116.   Carriage  for  carrying  staff  to  the  hollow  fire.   Plan  and  side  elevation 

According  to  the  late  Mr.  E.  Rogers,  the  system  of  manufacturing 
iron  for  charcoal  plates,  as  above  described,  dates  from  1807,  and  was 
first  carried  out  by  Mr.  Watkin  George,  at  the  Pontypool  Iron-works, 
which  have  so  long  enjoyed  a  high  reputation  in  the  tin-plate  trade. 
It  was  also  stated  by  Mr.  Rogers  that  the  process  of  preparing  the 
best  or  charcoal  iron  seemed  to  have  undergone  but  little  change  from 
1720  to  1807.  Before  the  last  date,  about  licwt.  of  pig-iron  was 
worked  at  a  time  into  malleable  iron  in  a  charcoal  finery.  The  ball 
was  hammered  into  a  bloom  under  a  heavy  forge  hammer,  and  then 
drawn  out  into  bars  under  the  lighter  and  more  quickly  moving  tilt 
hammer.  Reheating  was  effected  in  what  was  termed  the  chafery,  a 
sort  of  blacksmith's  forge.  The  word  is  clearly  of  French  origin,  and 
derived  from  "  chaufferio." 

The  following  account,  published  in  1G7G,  of  the  old  process  of  con- 
verting pig-iron  into  malleable  iron,  is  sufficiently  interesting  to  deserve 
insertion  hero4  •— 

"  From  these  furnaces  [high  blast  furnaces]  they  bring  their  sows 
and  pigs  of  iron  to  their  forges.  These  are  of  two  sorts,  though  standing 
together  under  the  same  roof:  one  they  call  their  Finery,  the  other  the 
Chafery.  Both  of  them  are  open  hearths,  on  which  they  place  great 
heaps  of  sea-coal,  and  behind  them  bellows,  like  to  those  of  the  furnaces, 
but  nothing  near  so  large.  Into  the  Finery  they  first  put  their  pigs 
of  iron,  placing  three  or  four  of  them  together  behind  the  fire,  vWth  a 
little  of  one  end  thrust  into  it.  Where  softening,  by  degrees  they  stir 
and  work  them  with  long  bars  of  iron,  till  the  metal  runs  together 
into  a  round  mass  or  lump,  which  they  call  a  half-bloom.    This  they 

4  An  Account  of  the  Iron-Works  in  the  I  Powlc,  Esq.  Philosophical  Transactions, 
Forest  of  Dean,  communicated  by  Henry  |  11.  i>.  931,  HuG. 
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take  out,  and  giving  it  a  few  strokes  with  their  sledges,  they  cany  it 
to  a  great  weighty  hammer,  raised  likewise  by  tho  motion  of  a  water- 
wheel,  where  applying  it  dexterously  to  the  blows,  they  presently 
beat  it  out  into  a  thick  short  square.  This  they  put  into  the  Finery 
again,  and  heating  it  red  hot,  they  work  it  out  under  the  same  hammer, 
till  it  comes  into  the  shape  of  a  bar  in  the  middle  with  two  square 
knobs  in  the  ends.  Last  of  all,  they  give  it  other  heatings  in  tho 
Chafcry,  and  more  workings  under  the  hammer,  till  they  have  brought 
their  iron  into  bars  of  several  shapes  and  sizes,  in  which  fashion  they 
expose  them  to  sale." 

In  the  charcoal  finery  in  South  Wales  the  cost  of  the  charcoal  con- 
sumed per  ton  of  iron  made  amounts  to  about  1 2*. 

Chabcoal  Finery  used  in  Sweden  under  the  Name  of  Lancashire 

Hearth. 

For  the  drawings  from  which  tho  accompanying  woodcuts  (figs. 
117,  118,  119,  120)  have  been  executed,  and  for  the  description  of  the 
process,  I  am  indebted  to  Mr.  Andreas  Grill. 

The  furnace  consists  essentially  of  a  shallow  quadrangular  hearth, 
formed  of  cast-iron  plates  a,  by  c,  rf,  e.  The  hearth-bottom  a  is  hori- 
zontal; the  twycr  side  b  is  slightly  inclined  inwards;  tho  opposite 
side  <7,  and  the  back  c,  are  inclined  outwards ;  the  front  e  is  vertical, 
and  in  it  there  are  three  round  holes  for  tapping  off  the  cinder.  Under 
the  hearth-bottom  is  a  shallow  open  cast-iron  box  having  a  gutter  on 
one  side /',  and  a  round  hole  in  the  centre  of  the  bottom,/,  surrounded 
with  a  border  not  quite  so  high  as  tho  box  is  deep:  the  box  and 
gutter  are  cast  in  one  piece.  During  tho  working  of  the  furnace,  cold 
water  is  continually  flowing  through /'  and  running  out  at/,  liy  this 
arrangement  tho  hearth- bottom  is  kept  cool.  The  side- walls  above  tho 
hearth  are  protected  within  by  cast  iron  plates:  see  figs.  119  and  120. 
Hot-blast  is  used,  and  there  is  one  twycr  »,  which  passes  through  a 
thick  cast-iron  plate  set  in  one  of  these  side  plates^;  it  is  an  iron 
water-twyer,  which  is  nearly  semicircular  in  section.  The  narrow 
end  projects  over  the  side  of  the  hearth  1  in.,  and  the  axis  its  inclined 
at  an  angle  of  about  10°  with  the  horizon.  As  the  charcoal  is  piled 
round  and  above  the  twycr,  the  plate  g  is  exposed  to  groat  heat  and 
consequent  destruction;  it  is  mado  very  thick,  and  may  bo  readily 
replaced  when  required.  In  front  of  the  hearth  is  a  table  or  platform 
of  cast-iron,  A,  resting  at  the  ends  on  cast-iron  standards.  This  table 
is  essential  for  tho  necessary  manipulations.  The  arrangement  for 
heating  and  conveying  the  blast  to  the  twycr  is  represented  by  k,  k\  k". 
The  heating  apparatus  consists  merely  of  a  syphon-pipe  of  cast-iron, 
set  horizontally  and  exposed  to  the  waste  gases  of  tho  furnace.  There 
is  a  throttle  valve  at  k  for  stopping  and  regulating  tho  blast.  The 
nozzle  end  of  the  blast-pipe  may  be  raised  or  lowered  at  will  by  a 
telescope  sliding  piece,  and  may  be  turned  in  any  direction  by  means 
of  the  union-joint  below  k,  fig.  117.  The  waste  gases  escape  partially 
through  the  square  opening  I    At  m  is  a  cast-iron  plate  on  which  pigs 


Digitized  by  Google 


SWEDISH  LANCASHIRE  HEARTH. 


SWEDISH  LANCASHIRE  HEARTH. 


593 


or  blooms  may  be  laid  so  as  to  become  heated.  At  n  is  an  opening 
through  which  an  iron  bar  may  l>e  introduced  to  move  tho  objects  on 
the  plate  m,  or  clean  the  arched  passage  leading  from  this  part  to  the 
stack  o,  to  which  at  the  bottom  is  often  attached  a  largo  chamber 


Fig.  119.     Swedish  l-ancashire  lirarth.    I*iigiiudinnl  section  on  tho  linos  C  [>,  0*.  II?,  nn<l  K  F,  fig.  120 


Fig.  120. 
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Swedish  Lancashire  hearth.    Horizontal  section  on  the  line  A  n,  fig.  119. 


destined  to  intercept  sparks.  There  is  an  ash-pit  from  which  tho 
ashes  may  be  removed  through  tho  opening  which  may  be  closed 
with  a  cast-iron  door  or  otherwise. 
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Description  of  a  Swedish  Forge,  with  Lancashire  ITearth  and 
Hammer,  for  drawing  out  Blooms  into  Merchant  Bars.    Fig.  121. 

A.  Lancashire  hearth  as  previously  described. 

B.  Anvil  and  Hammer.  Motion  is  communicated  by  an  overshot 
water-wheel.  The  anvil  is  a  solid  block  of  white  cast-iron,  a.  It  rests 
upon  a  wooden  block,  the  anvil  block,  «',  square  in  section,  with  the 
angles  rounded  off.  It  is  composed  of  four  equal  and  similar  pieces  of 
timber  well  fitted  together  with  the  fibre  vertical,  and  firmly  bound  with 
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wrought-iron  hoops.  The  anvil-block  is  supported  on  a  wooden 
foundation,  consisting  of  pieces  of  timber  laid  horizontally,  a'",  thus 
forming  an  elastic  bed  and  acting  as  a  spring,  without  which  the  iron 
would  break  on  being  hammered  out  into  bars.  The  anvil-block  is 
surrounded  by  a  framework  of  wood,  a'\  a",  a",  etc.,  partly  filled  in 
with  cinder  from  the  finery  stamped  solidly  down,  which  is  indicated 
by  the  dotted  shading. 

The  hammer-head,  b,  is  of  wrought-iron  ;  it  weighs  about  7  cwts.,  is 
raised  to  the  height  of  2  ft.,  and  gives  about  100  blows  per  minute.  The 
shaft,  c,  is  of  birch  wood  (Jlctula  alto),  and  is  cylindrical.  One  end  of 
it  carries  the  hammer-head  and  the  other  moves  on  trunnions,  as 
shown  at  <? ',  in  a  cast-iron  frame,  which  consists  essentially  of  two 
equal  and,  with  the  exception  of  certain  minor  details,  similar  pieces, 
set  vertically  and  parallel  to  each  other,  and  to  the  shaft  of  the  ham- 
mer: one  of  these  side-pieces  is  shown  at(/,  d.  The  trunnions,  which 
are  of  wrought-iron,  work  in  cast-iron  blocks,  one  of  which  is  a  fixture 
on  the  inside  of  one  of  the  side-pieces  of  the  frame,  while  the  other,  d"\  is 
moveable  on  the  inside  of  the  other  side-piece,  which  is  shown  in  the 
engraving ;  this  block  may  bo  fastened  at  the  upper  end  by  means  of 
wedges  between  two  projecting  pieces.  This  arrangement  is  necessary 
in  order  to  facilitate  the  renewal  of  the  hammer-shaft  when  it  is  worn 
out,  which  occurs  at  the  end  of  about  every  third  month.  Above  the 
hammer-shaft  there  are  two  wooden  beams,  <?,  e,  of  fir  wood  about 
14  in.  square  :  thoir  back  ends  are  fixed  in  a  cast-iron  key,  e',  having 
on  each  side  a  projecting  trunnion-like  piece  inserted  into  the  cor- 
responding side  of  the  frame,  d,  d;  e%  eT  are  wedges,  and  ey\  e*'  are 
bolts.  These  beams  act  like  springs,  preventing  the  hammer  from 
being  thrown  up  too  high,  and  quickening  its  fall.  At  e'"  is  another 
cast-iron  key,  similar  to  the  former,  except  being  open  at  the  top,  to 
act  as  guides  for  the  spring-beams,  «,  e.  These  beams  are  encircled  by 
two  strong  bands  of  iron,  e",  c",  e",  «",  with  cast-iron  blocks  at  the  top 
and  bottom.  On  the  under  side  between  the  key  and  block  is  inserted 
a  packing  of  deal  boards,  which  may  be  taken  away  or  introduced 
through  a  hole,  e'\  and  which  also  serves  as  a  spring.  The  frame,  dy  dy 
rests  on  a  wooden  bedding,  /,/,/,  supported  on  stonework;  and  it  is 
fastened  down  by  strong  bars  of  iron,  g,  gy  to  a  framework  of  timber 
at  the  bottom,  h\  h'.  Transverse  wrought-iron  bolts  are  shown  at  g\  g\  g'. 
The  shaft,  i,  i,  of  the  water-wheel,  /,  is  strongly  bound  with  wrought- 
iron  hoops.  The  hammer  is  moved  up  and  down  by  four  cams,  k\  k\  k\ 
etc.,  on  the  shaft  of  the  water-wheel,  as  shown  at  A. 

In  some  localities  hammers  like  those  in  use  at  tin-plate  works  in 
this  country  have  been  recently  introduced  into  Sweden. 

Manipulation,— All  being  in  working  order  and  the  ball  obtained  in 
the  last  heat  removed,  etc.,  charcoal  dust  is  spread  out  on  the  fore-side 
and  the  hearth  is  filled  with  clean  charcoal.  The  pig-iron,  which  is  in 
plates  2  in.  or  3  in.  thick  and  has  been  previously  heated  on  the  plate 
in  the  flue,  is  transferred  to  the  hearth,  the  charge  being  200  lbs. 
Fresh  charcoal  is  added  and  the  blast  turned  on,  when,  in  about  half 
an  hour,  the  metal  will  have  completely  melted  down,  and  in  dropping 
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through  the  blast  from  the  twyer  have  become  partially  oxidized.  By 
the  action  of  the  oxide  of  iron  thus  formed,  and  of  the  basic  silicate  of 
protoxido  of  iron  remaining  in  the  hearth  at  the  close  of  the  last  opera- 
tion upon  the  molten  pig-iron,  the  latter  is  decarburized  to  a  consider- 
able extent,  and,  in  consequence,  becomes  less  fusible  and  more  pasty. 
Aftor  perfect  fusion  of  the  metal,  tho  refining  proper  begins.  This 
consists  in  incessantly  breaking  up  the  metal  with  an  iron  bar,  and 
carrying  towards  the  t  wyer  the  raw  portions,  which,  being  more  highly 
carburized  and  more  fusible  than  the  rest,  always  run  down  to  the 
bottom,  and  there  harden.  The  metal,  which  has  thus  more  or  less 
solidified,  is  broken  up  and  submitted  to  the  action  of  the  blast  until 
all  is  sufficiently  refined  :  this  operation  lasts  about  half  an  hour. 
Subsequently  all  tho  metal  is  brought  up  to  tho  top  of  tho  hearth  and 
again  melted  down  with  a  lively  heat  to  form  the  ball,  fresh  charcoal 
being  thrown  into  tho  hearth  and  the  unmelted  portions  being  kept  up 
at  intervals  with  an  iron  bar  to  prevent  their  adhering  to  the  ball 
before  having  been  molted.  The  ball  is  then  taken  out,  and  hammered 
into  a  prismatic  shape,  which  is  cut  into  pieces  to  be  welded  in 
another  fire.    The  whole  process  lasts  from  U  to  H  hour. 

According  to  Mr.  Grill  the  chief  advantages  of  this  method  are,  that 
the  rawer  portions  of  tho  metal  melt  down  in  drops  or  liquate,  and  so 
separato  from  that  already  refined ;  and  in  thus  liquating  it  becomes 
exposed  to  the  oxidizing  action  of  tho  blast  and  more  or  less  decar- 
burized,  the  refined  metal  remaining  aloft  all  the  while.  Tho  whole 
mass  of  metal  is  properly  and  equally  refined  ;  and  in  tho  final  running 
down  into  a  coherent  lump,  tho  slag  separates  from  the  iron,  and,  if 
present  in  an  injurious  degree,  may  bo  tapped  out.  By  this  means  a 
sound  bloom,  free  from  intermixed  impurities,  is  obtained,  which, 
Mr.  Grill  assorts,  is  not  tho  case  in  tho  puddling  process. 

Tho  blast  is  frequently  used  at  a  temperature  of  100°  C,  and  at  a 
pressure  of  2h  in.  of  mercury. 

Tho  cut  up  pieces  to  bo  drawn  out  under  tho  hammer  are  welded 
and  heated  in  hearths  much  resembling  in  size  and  construction  the 
charcoal  finory  itself ;  but  the  furnaco  now  most  extensively  used  for 
this  purpose  is  the  gas-welding  or  reheating  furnace  invented  by 
Mr.  G.  Ekman. 

The  following  details  of  the  average  yiold  and  consumption  of 
charcoal  in  this  process  in  Sweden  have  been  supplied  by  Mr.  Grill : — 

A  vertigo  yield  of  blooms  from  ono  finery  per  week    6'0  ton*. 

Weight  of  bloom  per  cent,  of  pig-iron   8G-75  „ 

Charcoal  consumed  per  ton  of  Mourns,  by  weight   0*9  ton. 

Do.               do.               do.        by  volume   255     cubic  feet. 

The  blooms  are  drawn  out  into  bare  by  one  of  the  three  following 
methods : — 

1. 

In  a  reheating  forge,  with  one  hammer : 

A  vemgo  make  of  fininhed  barn  \\or  week    6*6  tons. 

Weight  of  finished        *K*r  cent,  of  blooms    1)5  „ 

Consumption  of  charcoal  per  ton  of  finished  bars,  by  weight  1  ton. 

I*1                      do.                      do.          by  volume  297      cubic  feet. 
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II. 

In  a  gas-welding  or  reheating  furnace,  heated  by  charcoal,  and  with 
two  hammers : 

Average  make  of  finished  bare  per  week    22  2  tons. 

Weight  of  finished  bare  per  cent,  of  blooms    86'  „ 

Consumption  of  charcoal  per  ton  of  finished  bars,  by  weight  0*G  ton. 

Do.                      do.                      do.          by  volume  170     cubic  feet. 

in. 

In  a  gas-welding  furnace,  and  by  rolling  instead  of  hammering  . 

Average  make  of  finished  bare  per  week    58  tons. 

Weight  of  finished  bare  per  cent,  of  blooms    92  „ 

Consumption  of  churcoal  per  ton  of  finished  burs,  by  weight  0*875  ton. 

IX).                      do.                      do.           by  measure  100  3  cubic  feet 

It  is  asserted  by  Mr.  Grill  that  tho  Lancashire  method  yields  an 
excellent  iron,  and  that  nearly  all  tho  Swedish  bar-iron,  except  the 
Daimemora  or  Oregrund-iron,  consumed  in  Sheffield  for  converting 
into  steel,  is  made  by  this  method.  Sometimes  this  iron  is  exported  in 
the  form  of  blooms  (billets)  only  welded  and  hammered  once  or  twice. 
Tiling  iron  made  by  this  process  is  not  resorted  to.  The  iron  destined 
for  the  English  steel  market  is  commonly  drawn  out  under  hammers 
moved  by  water-wheels.  For  other  markets  the  iron  may  be  rolled. 
In  Sheffield  tho  prepossession  is  strong  in  favour  of  hammered  bars ; 
but  some  steel  makers  have  at  length  abandoned  their  prejudices 
against  rolled  bars.  The  only  influence  which  the  mode  of  drawing 
out,  whether  by  hammering  or  rolling,  can  have,  is  of  a  mechanical 
nature  ;  but  no  such  influence  can  be  perpetuated  after  the  conversion 
of  the  bars  and  their  subsequent  fusion  into  cast-steel.  Mr.  Grill  is  of 
opinion  that  the  prepossession  above-mentioned  is  due  to  tho  fact, 
that  consumers  do  not  distinguish  between  rolled  and  puddled  iron, 
and  rolled  but  charcoal  refined  iron,  and  conclude  that  rolled  iron 
necessarily  implies  puddled  iron. 

The  history  of  the  introduction  of  tho  so  called  Lancashire  process 
into  Sweden  is  interesting.  I  am  indebted  for  the  following  details 
to  Mr.  F.  C.  Wtern,  of  Gothenburg,  son  of  tho  Mr.  Warn  referred  to. 
Many  years  ago  frequent  demands  having  been  made  by  the  Sheffield 
steelmakers  for  better  manufactured  and  Bounder  iron  than  such 
as  was  usually  produced  at  that  time  by  the  Walloon  method, 
Mr.  C.  F.  Waern,  of  Baldersnas,  in  Sweden,  and  Mr.  Brandstrom, 
of  Hull,  in  1829,  took  over  to  Sweden  workmen  from  South  Wales, 
skilled  in  the  manufacture  of  iron  for  charcoal  plates.  There  wero 
five  families,  of  which  the  principal  was  that  of  Houlder,  with  three 
sons  and  a  son-in-law,  named  Whittington,  all  excellent  workmen. 
With  tho  aid  of  these  men  the  process  was  successfully  established 
at  Backefors,  in  Sweden.  Tho  Board  of  Swedish  Ironmasters,  on 
hearing  of  this  success,  and  having  been  long  desirous  of  adopting 
a  more  economical  process  than  the  old  Walloon  method,  obtained 
Mr.  Waern's  consent  that  Mr.  G.  Ekman  should  visit  his  works 
and  master  the  details  of  the  newly-imported  process.  Tho  work- 
men were  at  first  somewhat  jealous  of  what  they  considered  their 


Digitized  by  Google 


598   SWEDISH  FORGE  FOR  DRAWING  OUT  BLOOMS  INTO  BARS. 


secrets,  but  soon  became  on  good  terms  with  Mr.  Ekman,  and  commu- 
nicated everything  to  him.  Mr.  Ekman  reported  that  this  new  method 
was  just  the  very  thing  which  ho  and  others  employed  by  the  Board 
of  Ironmasters  had  been  trying  to  arrive  at,  by  sundry  alterations  in 
the  Walloon  method.  Mr.  Ekman  introduced  the  method  at  his  own 
Works  at  Lesjofors,  at  other  Works  at  Lennartsfors,  in  which  he  had 
shares,  and  at  Works  at  Liljendahl.  It  was  also  introduced  at  the 
Christinedahl  Works. 

The  Norwegian  Ironmasters,  by  the  offer  of  higher  wages,  bribed 
most  of  the  English  workmen  to  desert  Mr.  Waara,  and  secured  their 
services;  but  old  Iloulderand  one  of  his  sons  remained  to  the  last, 
and  this  son  is  still  in  the  employ  of  the  present  Mr.  Worn.  The 
conduct  of  these  Norwegian  gentlemen  would  bo  stigmatised  in  this 
country  as  at  least  very  shabby ;  but  there  are  unhappily  plenty  of 
Englishmen  who  would  not  scruple  to  do  likewise. 

For  about  17  years  the  above-mentioned  works  were  the  only  ones, 
an  impression  being  general  in  Sweden  that  if  the  quantity  of  6uch 
iron  were  increased  the  price  would  soon  be  reduced  to  that  of  common 
iron  ;  but  then  it  was  suddenly  taken  up  by  many  iron-masters,  and  is 
now  general. 

Professor  Tunner,  in  his  most  elaborate  work  on  the  Production  of 
Wi  ought-Iron  and  Steel  in  the  Charcoal  Finery  by  various  methods, 
describes,  under  the  title  44  Die  englischo  Wallonschmiede,"  two  modi- 
fications, which  he  pronounces  to  be  essentially  different,  partly  on 
account  of  tho  nature  of  the  pig-iron  employed,  and  partly  on  account 
of  the  quality  of  tho  wrought-iron  produced.5  These  are  designated 
according  to  locality  the  Lancashire  and  South  Welsh  processes.  Now, 
it  is  a  little  singular  that  tho  Swedes,  who  imported  the  process  from 
South  Wales  into  Sweden  in  1829,  should  term  it  the  Lancashire  pro- 
cess. At  present,  I  do  not  know  the  reason  of  this  appellation.  I 
havo  met  with  a  description  of  the  process  of  making  malleable  iron  in 
Lancashire  direct  from  the  ore  in  a  hearth  apparently  more  primitive 
than  that  of  the  Catalan  Forge.  It  was  communicated  in  1675  to  the 
President  of  tho  Koyal  Society,  Dr.  Martin  Lister,  and  published  in  the 
Philosophical  Transactions  in  1693.'    It  is  as  follows: — 

"  Thurnham,  Sept  25,  1675. 
44  Sir,— I  send  now  at  last  the  promised  parcels  of  Iron  Ore ;  one  sort 
of  it  seems  to  bo  good  Ifamatites.  It  seems  I  either  did  not  rightly 
apprehend,  or  was  not  clearly  enough  informed  by  the  person  from 
whom  1  had  the  account  I  sent  you,  of  the  furnace  in  which  they  melt 
down  their  Oar  (sic).— It  is  very  much  like  a  common  blacksmith's, 
viz.,  a  plain  open  hearth  or  bottom  without  any  enclosing  walls,  only 
where  the  nose  of  the  bellows  come  in  through  a  wall  there  is  a  hollow 
place  (which  they  call  the  furnace)  made  of  iron  plates,  as  is  also  that 
part  of  the  hearth  next  adjoining.  This  hollow  place  they  fill  and 
up-heap  with  charcoal,  and  lay  the  oar  (broken  small)  all  round  about 
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the  charcoal  upon  the  flat  hearth,  to  bake,  as  it  were,  or  neal  and  thrust 
it  in  by  little  and  little  into  the  hollow,  where  it  is  melted  by  tho 
blast.  The  glassie  Scorke  run  very  thin,  but  the  metal  is  never  in  a 
perfect  fusion,  but  settles  as  it  were  in  a  clod,  that  they  take  it  out 
with  tongs,  and  turn  it  under  great  hammers,  which  at  the  same  time 
beat  off  (especially  at  first  taking  out  of  the  furnace)  a  deal  of  courser 
Sconce,  and  form  it  after  several  heats  into  bars.  They  use  no 
limestone  or  other  thing  to  promote  the  flux,  for  that  I  enquired 
particularly." 

The  Walloon  Process. 

This  is  an  ancient  method,  which  is  still  extensively  practised.  To 
tho  English  steelmaker  it  is  interesting  from  the  fact  of  its  being 
employed  in  tho  production  of  the  renowned  bar-iron  of  Dannemora, 
in  Sweden.  It  derives  its  name  from  the  people  with  whom  it  pro- 
bably originated,  the  Walloons  or  inhabitants  of  Flanders,  whence  it  is 
reported  to  have  been  introduced  into  Sweden  by  Be  Geer  in  the  time  of 
Charles  XII.7  The  mode  in  which  it  is  conducted  varies  somewhat  in 
different  localities.  Tunner  describes  four  modifications  of  it,  namely, 
the  Eiflor,  the  Swedish,  tho  English,  and  the  Styrian ;  and  the 
English  he  subdivides  into  tho  Lancashire  and  South  Welsh  methods.1 
Hut  his  definition  of  the  Walloon  process  is  wanting  in  logical  precision. 
Thus  he  writes :  M  In  the  majority  of  cases,  tho  fining  proper  [•",  e.  the 
conversion  of  the  pig-iron  into  malleablo  iron]  and  the  further  neces- 
sary welding  process  arc  carried  on  in  one  and  tho  samo  hearth. 
However,  under  special  circumstances  there  is  either  a  partial  or 
complete  separation  of  the  two  processes.  The  term  Walloon  is 
applied  to  all  finer}'  methods,  in  which  the  above-named  processes  are 
separated."  Tho  Swedes  draw  a  broad  and,  in  my  judgment,  proper 
distinction  between  tho  Walloon  and  South  Welsh,  or,  as  they  designate 
it,  Lancashire  process ;  but  on  this  point  tho  reader  will  be  able  to 
form  his  own  opinion  after  comparing  tho  descriptions  of  these  methods 
with  each  other.  Some  writers  on  this  branch  of  the  metallurgy  of 
iron  seem  to  have  been  smitten  with  a  lovo  of  over-rofinement.  At  all 
events,  they  have  assigned  to  unessential  differences  of  manipulation  a 
remarkable  degreo  of  importance,  and  havo  founded  classifications 
thereon  which  are  hardly  admissible. 

The  Walloon  Tuocess,  as  conducted  in  Sweden. 

According  to  Mr.  Grill,  this  process  has  held  its  ground  for  the  Dan- 
nemora iron  from  a  fear  lest  the  adoption  of  any  other  less  expensive 
might  not  yield  metal  of  equal  quality,  and  keep  up  the  long  estab- 
lished reputation  of  its  producers. 

The  hearth  is  composed  of  cast-iron  plates.  Tho  bottom  plate  is  2  in. 
thick,  and  underneath  is  a  strong  bed  of  pounded  slag  about  3  in.  in 
depth,  which  rests  upon  a  cast-iron  box  provided  with  suitable  channels 


7  liinmann,  CJesehiehto  den  Eiaens,  1.  p.  337. 
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to  drain  off  water.  The  twyer  side-plate  inclines  somewhat  into  tho 
hearth,  and  tho  opposite  side-plate,  on  the  contrary,  considerably  more 
outwards.  From  the  centre  of  the  twyer  to  the  back-plate  the  distance 
is  from  10  in.  to  ll£  in.,  and  to  the  commencement  of  the  work-plate  it 
is  from  22  in.  to  24  in.  The  front  of  the  hearth  is  enclosed  by  a  brick 
wall,  within  which  is  the  fore-plate  inclining  outwards,  and  on  the  tup 
of  which  the  work-plate  lies  horizontally.  This  wall  is  a  little  higher 
than  the  back-wall,  and  does  not  contain  any  tapping-hole,  as  the  slags 
are  never  let  out.  Fjom  the  twyer  side-plate,  on  a  level  with  the 
twyer,  tho  distance  to  the  opposite  side-plate  is  from  22  in.  to  24  in. 
The  axes  of  the  twyer  and  blast-pipe  are  at  right  angles  to  the  twyer 
Bide-plate ;  and  as  this  inclines  forwards  a  few  degrees  into  the  hearth, 
they  have  tho  same  inclination.  Tho  nozzle  of  the  twyer  is  semi- 
circular, with  the  flat  side  at  the  bottom  :  it  is  from  20  to  25  lines  broad, 
from  16  to  17  lines  high,  and  projects  :>J  in.  from  the  twyer  side-plate. 
The  nozzle  of  the  blast-pipe  is  likewiso  semicircular,  and  is  somewhat 
larger  than  that  of  the  twyer,  so  that  it  lies  back  within  the  latter  4  in. 
The  depth  of  the  hearth  under  the  twyer  is  from  7  in.  to  8  in.,  under 
tho  upper  edge  of  tho  back-plate  from  14  in.  to  loin.,  and  under  that 
of  the  work  and  adjoining  side-plate,  opposite  the  twyer,  from  1">  in. 
to  18  in.  The  fuel  is  fine  charcoal,  and  this  hearth  works  extraordi- 
narily hot  as  compared  with  all  others.9    Cold-blast  is  used. 

Tho  iron  employed  is  white  or  strong  mottled,  and  is  in  long  pigs 
about  9  in.  broad,  from  l,r>  ft.  to  18  ft.  in  length,  and  from  3  in.  to 4  in. 
thick  at  one  end,  and  from  1  in.  to  2  in.  at  the  other.  The  pig  is  placed 
at  right  angles  over  the  back-plate,  with  one  end  inclining  downwards 
over  the  twyer ;  and  as  this  end  melts,  the  pig  is  gradually  pushed 
forward  so  as  to  keep  the  end  in  the  same  position.  Usually  two  such 
pigs  aro  put  one  over  the  other. 

Tho  fore  part  of  the  hearth  being  filled  with  moistened  small  char- 
coal (Losohe),  and  tho  remainder  with  charcoal,  tho  fire  lighten!  and 
the  blast  let  on,  the  pigs  are  pushed  forwards;  and  in  order  to  produce 
a  sufficient  bath  of  slag,  or,  as  the  Germans  expressively  designate  it, 
44  fire-sap,"  somo  large  finery-scraps  (Frischbrocken),  or,  failiug  these, 
several  shovelfuls  of  hammerslag,  are  melted  down. 

A  peculiarity  of  tho  Walloon  process  in  question  is  that  at  the  be- 
ginning of  a  heat,  tho  bloom  obtained  from  the  last  lump  is  held  with 
tongs,  as  steeply  inclined  as  practicable,  in  the  fore  part  of  the  hearth, 
and  reheated  preparatory  to  further  manipulation. 

Tho  working  with  tho  iron  bar  or  staff  commences  immediately 
after  fusion  of  tho  first  portions  of  the  pig-iron,  and  is  regularly  con- 
tinued until  tho  whole  of  the  mend  melted  down  on  the  twyer  side  lias 
been  once  brought  up  from  tho  bottom  ajid  that  side  towards  the 
middle  of  tho  hearth,  and  so  exposed  to  the  action  of  the  blast.  It  is 
also  worked  once  to  the  left  and  once  to  tho  right  of  the  bloom  under- 
going reheating.     The  melting  of  the  pig-iron  takes  place  pretty 

u  This  mid  much  of  the  following  cle,serii>-  I  tang,  2.  p.  155.    Vid.  lL»  EisonlmtU'U- 
tion  itf  nearly  a  literal  translation  of  that    wesen  in  ISchweden,  p.  (W. 
given  by  Tnnn.  r,  SUilHM.sen-u.-Stahlberei- 
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quickly,  about  70  lbs.  being  occasionally  melted  in  20  minutes.  Owing 
to  the  facility  with  which  this  kind  of  pig-iron  "comes  to  nature,"  i.e. 
arrives  at  the  state  of  malleable  iron,  and  the  continual  working  with 
fresh  staffs,  the  metal  which  has  been  fused  is  by  that  time  so  far  re- 
fined that  thin  pieces  of  malleable  iron  will  bo  seen  adherent  to  the 
staff.  The  whole  of  the  molten  metal  is  now  completely  broken  up 
above  the  twyer,  melted  down,  and  formed  into  a  lump ;  and  during 
this  part  of  the  process  the  supply  of  fresh  molten  pig-iron  from  above 
should  obviously  be  stopped.  The  lump  is  about  12  in.  broad,  and 
15  in.  lung.  The  average  period  between  the  completion  of  one  lump 
and  another  is  28  minutes,  the  extremes  being  25  and  30  minutes. 
Each  lump  is  heated  from  6  to  8  times  in  the  course  of  being  drawn 
out  into  a  bar  12  ft.  long,  and  the  weight  of  the  bar  from  each  lump  is 
about  60  lbs.  The  shift  lasts  8  hours.  Two  finers  and  one  assistant 
are  required  for  each  hearth. 

It  is  evident  that  in  this  process  the  pig-iron  is  exposed  to  conditions 
favourable  to  rapid  dcearburization  by  oxidation,  namely,  the  small 
quantity  of  iron  operated  on  at  a  time,  the  comparatively  largo  size  of 
the  hearth,  the  high  temperature,  the  large  amount  of  blast,  the  gra- 
dual melting  of  the  pig-iron  drop  by  drop  before  the-  blast,  and  the 
almost  incessant  working  of  the  metal.1  Mr.  Cirill  gives  the  following 
summary  of  the  distinctive  features  of  the  Walloon  process,  as  prac- 
tised at  Dannemora :— 1st.  The  largo,  long  pigs  introduced  with  one 
end  in  the  hearth,  thereby  allowing  fresh  pig-iron  to  meltdown  during 
the  whole  period  of  refining.  2nd.  The  "dry,"  "hot"  process,  which 
does  not  permit  any  slag  to  be  let  out,  although  much  hammerslag  is 
actually  added.  Sri  The  reheating  of  a  bloom  from  a  former  opera- 
tion in  the  hearth  during  the  first  period  of  melting.  4th.  The  large 
area  of  the  twyer,  and  the  small  weight  of  the  bloom,  about  100  lbs. 
(Tanner  says  less).  5th.  The  drawing  out  of  the  bloom  under  ham- 
mers moved  by  water-power,  after  having  been  repeatedly  heated  in  a 
Hparate  fire.  It  is  well  remarked  by  Mr.  Grill,  that,  so  far  from  this 
process  contributing  in  any  degree  to  the  excellence  of  the  Dannemora 
iron,  the  very  contrary  is  probable ;  and  that  that  excellence  is  due 
exclusively  to  the  superior  quality  of  the  Dannemora  ores. 

Mr.  Grill  has  furnished  me  with  the  following  details  of  the  yield 
and  consumption  of  charcoal  by  this  process  at  Dannemora,  from  one 
finery,  one  drawing-out  forge,  and  one  hammer  : — 

Average  yield  per  week  of  finished  burs    6  tons. 

Weight  of  bur-iron  per  cent,  of  pig-iron    80  „ 

Charcoal  consumed  per  ton  of  burs,  by  weight    a  •» 

Do.             do.             do.           by  volume    81)3  cubic  feet. 

Tunner  describes  with  great  minuteness,  and  with,  1  doubt  not, 
equal  accuracy,  the  Walloon  process  as  conducted  in  the  Eifel  district 
in  Rhenish  Prussia;  and  there  does  not  appear  to  be  any  essential  or 
important  difference  in  the  mode  of  proceeding  in  that  locality  and  at 
Dannemora.1  The  Eifcl  wire,  which  is  reported  to  bo  highly  esteemed, 

>  Tunner,  Op.  eit.  p.  151).  2  Op.  cit.  2.  p.  148. 
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is  made  from  iron  produced  by  this  process.  The  same  author  also 
describes  what  he  designates  the  Styrian  Walloon  process,  but  there  is 
nothing  in  the  description  to  induce  me  to  notice  it  particularly  in  this 
work.8 

The  Franche-Comte  Process. 

Franche-Comte  is  the  namo  cf  an  old  province  in  the  east  of  Franco, 
having  Besancon  for  its  capital  town,  but  which  is  now  divided  into 
the  departments  of  Doubs,  Haute  Saone,  and  Jura.  The  method  now 
to  be  described  has  acquired  its  designation  from  having  been  long 
practised,  if  not  originated,  in  that  locality,  whence  it  was  imported 
into  Germany  and  Sweden.4  It  is  termed  by  the  French  "  Methode 
Comtoise,"  and  is  the  prevailing  charcoal  finery  process  both  in  France 
and  Belgium.  One  of  the  best  accounts  which  I  have  met  with  is  that 
of  Thirria ;  and  of  this  I  shall  chiefly  avail  myself  in  the  following 
description,  translating  literally,  as  far  as  practicable.4 

The  hearth  is  composed  of  five  cast-iron  plates,  and  is  nearly  rect- 
angular. The  twyer  side-plate  is  tenned  the  varme,  the  opposite  side- 
plate  the  contrev-ent,  the  back-plate  the  haire,  the  fore-plate  the  chio  face, 
and  tho  bed-plate  the  bottom-plate.  All  these  plates  are  rectangular, 
except  that  of  the  twyer-side,  which  is  occasionally  not  so  high  on  the 
side  of  tho  back-plate  as  on  the  sido  of  the  fore-plate,  in  order  that 
when  there  arc  two  twycrs  the  hind  one  may  be  set  a  little  below  tho 
front  one.  The  fore-plate  is  from  0m02  to  0m03  (0*79  in.  to  1*18  in.) 
thick,  and  tho  others  from  On'O0  to  0ro07  (2*30  in.  to  2-7G  in.)  thick. 
They  last  during  several  mouths,  except  the  bottom-plate,  which  must 
be  renewed  every  week  and  sometimes  more  frequently ;  but  the 
hearth  is  so  constructed  that  this  renewal  may  be  effected  by  simply 
taking  down  the  fore-plate. 

The  hearth  should  rest  on  a  brick  or  stone  foundation,  covered  with 
a  layer  of  clayey  soil  well  beaten  down ;  and  if  there  is  danger  of 
moisture,  this  may  be  completely  avoided  by  setting  it  in  a  cast-iron 
box.  In  order  to  prevent  the  bottom-plate  from  becoming  too  hot,  in 
which  case  the  fining  process  would  be  retarded,  it  is  placed  on  a  little 
frame  of  iron  CT5  (1  ft.  7-69  in.)  long,  by  0ro2  (7  87  in.)  broad,  and 
0mO27  (1*07  in.)  thick,  so  that  by  means  of  an  old  twyer  a  little  water 
may  be  made  to  flow  into  the  space  between  this  plate  and  the  ground  ; 
but  this  should  not  be  done  until  just  after  the  lump  has  been  taken 
out,  for  otherwise  the  great  heat  of  the  hearth  might  crack  the  plate. 

The  Imck-platc  is  set  between  the  twyer  side-plate  and  the  opposite 
one,  and  tho  fore-plate  also  rests  against  these  two  plates,  but  standing 
upon  the  bottom-plate.  The  back  and  fore  plates  are  always  fixed 
vertically.  The  twyer  side-plate  is  sometimes  vertical,  and  at  others 
slightly  inclined  towards  tho  interior,  especially  when  it  is  intended 
to  treat  dark-grey  pig-iron  (fontes  iwires),  which  only  melts  at  a  high 


;»  Op.  cit.  2.  p.  185.  <l»\s  fontes  <lans  los  foyers  d'affinerie.  Tar 

*  Tanner,  Op.  rit.  2.  p.  207.  M.  K.  Thirrin,  In^Jiiieur  en  chef  ilm 

i  Me'moire  sur  les  perfeotionnetnents  et  Mines.    Ann.  iIcj*  Mines,  1810.    3.  n.  18. 

modifications  <les  prncetles  employes  |*>nr  p.  215  et  «*|. 

la  fabrication  iln  for  obtenu  par  1'aflPnia^- 
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temperature  ;  this  inclination  bringing  the  blast  closer  to  and  concen- 
trating the  heat  upon  the  pig,  which  is  pushed  forward  as  in  the  Wal- 
loon process.    The  side  opposite  the  twyer  is  formed  either  of  a  single 
piece,  always  a  little  concave,  or  of  two  pieces  of  cast-iron,  one  sup- 
ported upon  the  other,  the  upper  one  resting  upon  a  little  brick  wall, 
and  the  lower  one  forming  with  it  a  very  obtuse  angle.   Almost  always 
this  side  leans  a  little  inwards,  in  order  to  prevent  loss  of  heat ;  some- 
times it  is  quite  vertical ;  and  rarely  it  leans  a  little  outwards,  so  as  to 
facilitate  the  withdrawal  of  the  lump  when  of  very  largo  size.  The 
bottom-plate  is  inclined  both  towards  the  side  opposite  the  twyer  and 
the  fore-plate — an  arrangement  which  is  essential  in  order  that  the 
cinder  may  flow  easily  through  the  tap-hole  situated  on  the  twyer-side. 
This  double  inclination  is  given  by  means  of  small  pieces  of  iron  placed 
at  the  angles  of  the  plate,  or  under  the  little  frame  on  which  it  rests. 
The  various  plates  are  fixed  most  solidly  together  with  little  wedges 
of  iron. 

Some  hearths  are  blown  with  one  (according  to  the  old  practice), 
and  others  with  two  twyers.  Thirria  recommends  two  twyers,  as 
every  way  preferable,  especially  on  the  ground  of  economy  of  fuel. 
The  twyers  are  of  copper,  and  last  9  or  10  months.  With  hot-blast 
cast-iron  water-twyere  aro  employed  ;  but  when  the  temperature  of 
the  blast  does  not  exceed  2003  C.,  copper  ones  may  still  bo  used, 
although  they  require  more  frequent  renewal  than  with  cold-blast. 
The  muzzle  or  "eye"  of  the  twyer  is  semicircular,  0m027  (1*07  in.) 
by  0m024  (0*95  in.),  when  the  hearth  is  blown  with  two  twyers,  and 
0*040  (l  o8  in.)  by  0m027  (1  07  in.)  when  only  with  one.  The  44 eye" 
has  been  recently  (1840)  made  very  flat,  0™0-10  (1*58  in.)  long  by 
O^OIO  (0*39  in.)  high,  in  order  to  compel  the  blast  to  spread  in  a  sheet, 
and  this  has  been  attended  with  advantage.  W  hen  there  are  two 
twyers  they  touch  each  other  outside  the  hearth,  but  in  the  interior 
they  are  a  little  separated.  W  hether  there  aro  two  twyers  or  one 
only,  the  blast  always  enters  the  hearth  through  two  cast-iron  blast- 
pipes,  of  which  the  44  eye"  is  circular,  and  from  0m024  (0-9o  in.)  to 
0"026  (1*03  in.)  in  diameter. 

In  recent  times  most  of  the  hearths  have  been  covered,  either  with 
an  arched  roof  destined  to  prevent  loss  of  heat,  or  by  a  flue  conducting 
the  waste  flame  into  a  lateral  oven  (four),  where  it  is  utilized ;  and 
this  arrangement  has  caused  a  notable  economy  of  fuel. 

Certain  changes  aro  made  in  these  hearths  according  to  the  quality 
of  the  pig-iron  to  be  treated  ;  and  they  consist  chiefly  in  increasing 
or  diminishing  the  depth  of  the  fire,  the  inclination  of  the  blast,  and 
the  projection  of  the  twyers  into  the  interior. 

Large  grained  grey  pig-iron,  with  graphitic  scales,  is  usually  treated 
by  this  method,  and  only  occasionally  mottled  and  white  pig-iron.  All 
the  pig-iron  consumed  is  made  from  pisolitic  iron-ores,  occurring  either 
in  the  upper  tertiary  beds,  or  in  deposits  derived  from  those  beds,  and 
yielding  from  33%  to  3G%  of  pig-iron. 

Manipulation. — The  pig-iron  is  supplied  to  the  hearth  exactly  as  in 
the  Walloon  process,  and  gradually  melted,  the  molten  metal  trickling 
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down  in  drops  through  the  strongly  oxidizing  blast.  After  the  removal 
of  the  lump  or  ball  in  tho  last  heat,  the  rich  cinder  {some)  which  may 
have  accumulated  at  the  bottom  is  raised  up ;  the  bottom  (to  use  an 
expressive  word  in  common  use  amongst  English  workmen)  is  well 
44  fettled "  with  small  charcoal ;  and  tho  pig  is  then  pushed  forward 
over  a  roller,  with  its  end  inclining  somewhat  downwards.  The  pig 
ought  to  be  so  placed  that  tho  distance  between  it  and  the  side  facing 
the  twyer  is  only  Omo;t  (1*18  in.),  or  0ro04  (1*58  in.),  in  order  to  pro- 
mote as  much  as  possible  tho  action  of  the  blast  upon  the  pig-iron, 
allowing  it,  however,  to  ascend  to  the  top  of  the  fire.  The  bottom  of 
the  pig  also  should  be  0"1  (3-39  in.),  or  0ml2  (4'7j  in.),  above  the 
stratum  formed  by  tho  blast,  and  its  extremity  should  not  be  more 
than  <rO(i  (2*36  in.)  beyond  tho  axis  of  the  twyer  in  front.  In  this 
position  the  pig  melts  drop  by  drop,  and  this  is  essential  to  success. 

Before  tilling  up  tho  hearth  with  charcoal,  pieces  of  rich  cinder 
(some),  intermixed  with  hammer-slag,  are  placed  upon  the  pig  on  the 
side  farthest  from  tho  twyer.  These  slags,  which  quickly  melt,  are 
destined  to  form  a  bed  upon  which  the  metal  dropping  from  the  pig. 
during  tho  whole  period  of  fusion,  should  rest,  as  well  as  the  bath  of 
poor  slag,  which  ought  to  cover  the  product  of  that  fusion,  and  pre- 
serve it  from  the  action  of  the  blast.  Moreover,  when  the  hearth  has 
been  filled  with  charcoal  a  shovelful  or  two  of  hammer-slag  is  thrown 
on  the  top.  A  finery  of  this  description,  when  in  good  working  order, 
consumes  all  the  rich  slag  which  it  produces,  only  the  poor,  containing 
about  60%  of  protoxide  or  46%  of  metallic  iron,  being  thrown  away. 

The  ball  is  shingled  or  forged  under  the  hammer  into  a  bloom  which 
is  cut  into  two  equal  and  similar  pieces,  which  1  will  designate  as 
Nos.  1  and  2.  No.  1  is  placed  in  the  fire  bet  ween  the  pig  and  the 
twyers,  so  that  its  end  plunges  into  the  bath  of  cinder  covering  the 
metal  which  has  melted  down,  but  without  touching  the  metal  itself, 
of  which  tho  contact  would  produce  cementation,  and  render  the  piece 
brittle.  No.  2  is  put  upon  the  twyers  and  covered  over  with  charcoal, 
and  there  remains  until  the  first  part  of  the  forging  of  No.  1  is  com- 
pleted. Tho  heating  of  No.  1,  which  the  forgeman  turns  about  from 
time  to  time  in  the  bath  of  cinder,  in  order  to  heat  it  uniformly  on  all 
its  faces,  requires  about  15  minutes;  and  as  soon  as  it  is  out  of  the  fire 
No.  2  is  put  in  its  place.  No.  1  is  drawn  out  under  the  hammer  to  the 
extent  of  half  its  length,  into  a  bar  of  the  required  dimensions,  but 
somewhat  larger  at  the  extremity  which  is  termed  the  bar-end ;  and  the 
bar  part  is  then  plunged  into  water  until  it  is  cold  enough  to  be 
handled  ;  after  which  the  undrawn-out  or  thickest  end,  which  for  the 
sake  of  distinction  1  will  term  the  head,  is  introduced  into  the  fire  so 
as  to  rest  upon  the  twyers.  No.  2  having  now  become  white  or  weld- 
ing hot,  which  occurs  after  heating  for  about  10  minutes  in  the  middle 
of  the  fire,  it  is  replaced  by  the  head  of  No.  1  :  and  when  it  has  been 
treated  in  all  respects  like  No.  1,  as  above  described,  its  head  is  placed 
above  the  twyers  until  the  thick  end  of  No.  1  has  been  removed.  The 
latter,  after  about  15  minutes'  exposure  to  a  sweating  heat,  is  forged 
into  a  bar  and  bar-end.    Afterwards  the  bar-end  is  put  in  the  fire  by 
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tho  side  of  the  head  of  No.  2,  which,  after  a  heat  of  about  15  minutes, 
is  drawn  out  in  the  same  manner  into  a  bar  and  bar-end.  These 
different  forgings  being  completed,  it  only  remains  to  forgo  the  four 
bar-ends,  uf  which  the  heating  requires  about  20  minutes,  so  that  it 

needs  about  \\  hour  at  most  to  heat  all  the  pieces  intended  for 

forging. 

During  this  first  part  of  the  process  the  forgeman  has  only  the  fol- 
lowing duties  to  perform  :  regulate  the  blast  by  means  of  a  register 
above  the  blast-pipes ;  supply  charcoal  to  the  fire  ;  open  ono  of  the  two 
tap-holes  in  order  to  let  out  the  excess  of  cinder, — the  lower  one  when 
the  cinder  melts  easily,  and  the  upper  one  in  the  opposite  case  ;  add 
hammer-slag  to  replace  the  poor  cinder  tapped  off;  order  the  pig  to  bo 
pushed  forward  whenever  necessary ;  throw  into  the  fire  either  a  little 
quartz  or  clay,  if  the  cinder  is  deficient  either  in  quantity  or  fusibi- 
lity ;  sound  the  fire  at  intervals  with  an  iron  bar,  to  ascertain  the  con- 
dition of  the  cinder  as  well  as  that  of  the  lump  in  process  of  formation; 
and  to  sprinkle  water  on  the  front  of  the  fire,  in  order  to  protect  him- 
self from  too  great  heat,  and  prevent  the  small  charcoal  from  being 
carried  away  by  the  blast. 

Immediately  the  last  piece  to  be  forged  is  taken  out  of  the  fire,  the 
pig  is  drawn  back,  so  as  to  prevent  it  from  melting,  and  then  begins 
the  second  part  of  the  process,  or  the  M  work,"  as  it  is  termed  by  the 
French.  The  first  object  of  the  forgeman  is  now  to  bring  up  above 
the  mass  of  iron  destined  to  become  the  ball,  the  pieces  of  rich  hard- 
ened cinder  (sornes  ou  scones  endurcies)  between  it  and  the  bottom  of  tho 
hearth.  In  order  to  this  ho  raises  them  with  an  iron  bar,  and  places 
them  in  tho  angles  and  along  tho  edge  of  tho  fire-plate  containing 
the  tap  holes.  Ho  then  draws  them  upon  this  plate  by  means  of  an 
iron  hook,  and  separates  from  them  tho  adherent  ferriferous  portions 
to  bo  put  back  into  tho  fire.  This  first  operation,  termed  44  desornago," 
lasts  about  5  minutes. 

The  forgeman  then  raises  the  ferriferous  mass  above  the  level  of  tho 
twyers,  in  order  to  expose  the  different  parts  of  it  to  tho  decarburizing 
action  of  tho  blast,  which  is  done  in  about  20  minutes.  When  tho 
half-refined  iron  has  redcsccnded  upon  tho  bottom,  with  which  it  has 
been  in  direct  contact  since  the  '4  desornage,"  the  forgeman  pierces  it 
with  his  bar  in  order  to  ascertain  which  portions  of  it  require  further 
exposure  to  tho  blast.  Those  which  adhere  only  feebly  to  the  bar 
must  be  again  subjected  to  tho  decarburizing  action  of  air,  whilst  the 
iron  portions  which  adhere  strongly  to  it,  and  which  he  cannot  detach 
from  tho  bar  without  striking  on  it  with  a  hammer,  must  bo  protected 
from  tho  blast  and,  with  this  viow,  placed  either  against  the  back- 
plate,  or  towards  the  plate  facing  the  twyer.  This  operation  requires 
only  about  5  minutes,  so  that  the  whole  period  of  tho  "work"  lasts 
about  half  an  hour.  The  forgeman,  moreover,  promotes  the  depuration 
of  tho  metal  by  throwing  into  tho  fire  at  repeated  intervals  hammer- 
slag  and  tho  pieces  of  iron  detached,  as  above  stated,  from  tho  bar. 
The  hammer-slag,  especially,  contributes  to  the  complete  decarburiza- 
tion  of  the  pig-iron  by  the  oxygen  of  the  protoxide  of  iron,  of  which 
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that  slag  chiefly  consists,  yielding  oxygen  for  the  combustion  of  the 
carbon,  with  the  reduction  of  an  equivalent  proportion  of  iron.  During 
this  second  stage  of  the  process  the  mass  of  iron  presently  to  become 
the  ball  is  nearly  always  uncovered,  and  the  blast,  which  is  full  on, 
produces  at  the  surface  of  the  hearth  brilliant  scintillations,  composed 
of  particles  of  molten  cinder  and  incandescent  charcoal. 

The  third  and  last  stage  of  the  process  is  termed  "avalago,"  or  ball- 
ing process.  It  consists  in  collecting  together  by  means  of  the  bar 
all  the  pieces  of  decarburized  iron,  and  forming  them  into  a  ball  in 
the  centre  of  the  hearth.  With  this  object,  after  having  reduced  the 
blast,  the  forgeman  separates  with  his  bar  the  "sornes"  and  small 
charcoal  which  may  hinder  tho  agglomeration  of  the  pieces  of  iron. 
He  then  forms  the  ball  by  uniting  these  pieces  successively  to  a  kernel 
situated  towards  the  middle  of  the  bottom-plate,  taking  care  that  the 
blast  does  not  reach  it.  All  this  is  effected  in  15  or  18  minutes.  The 
process  is  completed  by  throwing  over  the  top  of  the  ball  a  shovelful 
of  hammer-slag,  in  order  to  cool  it  and  to  cause  it  to  acquire  a  suitable 
consistency  for  removal  from  the  fire.  That  done,  about  20  minutes 
having  elapsed  since  the  beginning  of  tho  "  avalage,"  the  two  forgemen 
take  out  the  ball,  first  by  raising  it  with  iron  bars,  and  then  drawing 
it  with  hooks  over  the  tap-hole  side. 

Thirria  gives  tho  following  table,  showing  the  variations  in  the 
volumo  of  the  blast  during  the  three  stages  of  the  process,  and  the 
time  occupied  in  each. 
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Mean    65  Totalis.'. 


Yield  and  consumption  of  materials, — Tho  ball,  obtained  in  2\  hours. 
Usually  produces  in  shingling,  i.  e.  hammering  into  the  bloom, 
from  80  to  85  kilogrammes  of  Nos.  1  and  2 ;  and  in  forging,  from  65 
to  70  kil.  of  iron  in  bars,  the  loss  in  forging  varying  from  15%  to 
18%,  according  to  the  dimensions  of  the  bars  manufactured.  The 
consumption  of  pig-iron  varies  from  02  to  96  kil.  per  ball,  or  from 
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1330  to  1370  kil.  per  1000  kil.  (about  1  ton  of  2240  lbs.)  of  iron 
obtained. 

The  consumption  of  charcoal  depends  upon  its  quality  and  the 
dimensions  of  the  iron  manufactured,  the  iron  forged  into  small  pieces 
requiring  to  be  heated  longer  than  that  forged  into  large  ones.  The 
best  charcoal  for  the  purpose  is  that  of  hard  woods,  such  as  beech, 
hornbeam,  and  oak  ;  but  tho  first  two  are  preferred  to  that  of  oak,  and 
particularly  to  the  charcoal  of  white  wood,  which  produces,  perhaps, 
somewhat  softer  (plus  doux)  iron,  but  with  a  consumption  of  15%  or 
20%  more.  In  the  new  (1840)  covered-in  hearths,  0  085  cubic  metro 
is  required  for  each  ball,  or  on  the  average  7  cubic  metres  per  1000  kil. 
of  iron  of  various  sizes.  Of  this  about  \  are  consumed  in  the  fusion  of 
the  pig-iron  and  the  reheating  of  tho  iron  during  forging,  and  only  ± 
in  the  second  and  third  stages  of  the  process.  According  to  Richard 
the  average  weight  of  a  cubic  metro  of  charcoal  is  222  kil.*  For  the 
ton  of  bar-iron,  therefore,  the  consumption  in  this  process  of  charcoal 
by  weight  is  1554  kil.,  or  about  H  ton. 

Mr.  Grill  informs  me  that,  in  his  opinion,  the  Franche-Comte  process 
is  the  most  economical  of  all,  produces  very  good  iron,  and  is  far 
Buperior  to  the  old  German  method,  which  is  almost  extinct  in  Sweden  ; 
and  from  him  I  have  received  the  following  details  of  the  average 
yield  and  consumption  of  charcoal  by  this  process  in  Sweden,  in  one 
finery  and  with  one  hammer : — 

Yield  per  week  of  finished  bare    3*7  tons. 

Weight  of  bar-iron  per  eent.  of  pig-iron   85  „ 

Cluircoal  consumed  per  ton  of  bare,  by  weight   1*5  ton. 

Do.  do.  do.  by  volume   425    cubic  foot. 

According  to  Thirria  a  Franche-Comte*  finery  requires  a  staff  of  6 
workmen,  3  at  each  turn  of  about  8  hours,  during  which  4  balls  are 
made.  The  three  men  working  at  a  turn  aro  2  forgemen  and  1  assist- 
ant. One  of  tho  forgemen  is  termed  tho  jiiier,  and  the  other  the  foimmer- 
man,  who  attends  to  tho  hammer ;  but  most  frequently  this  man  is  also 
at  the  same  time  finer.  The  two  forgemen  on  duty  make  balls  alter- 
nately, and  each  forges  his  own  ball.  Tho  forgemen  were  paid  by 
piece-work,  at  tho  rate  of  16  francs  per  1000  kil.  of  large  iron  (gros  fer)y 
and  18  francs  per  1000  kil.  of  small  iron  (petit  fer),  and  each  usually 
received  10  francs  per  month  in  excess  of  tho  wages  of  manufacture. 
As  a  Franche-Comte  finery  ordinarily  produced  18,000  kil.  (about  18 
tons  of  2240  lbs.  to  the  ton)  of  large  iron,  or  16,000  kil.  of  small  iron, 
the  finer  and  hammer-man  gained  from  80  to  85  francs  per  month,  and 
the  other  two  forgemen  70  to  75  francs  each  per  month.  Tho  assist- 
ants were  paid  by  the  month,  and  gained  from  18  to  20  francs  each  in 
that  time. 

Cost  of  production.— Tho  statement  of  Thirria  underneath  refers,  it 
must  be  borne  in  mind,  to  tho  year  1839  ;  but  it  is,  nevertheless, 
interesting,  and  with  changes  in  accordance  with  present  prices  might 
be  made  applicable  to  the  present  day. 


*  Etudes  sur  T Art  d'oxtrairo  le  For,  etc.,  p.  5. 
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Cost  of  producing  1000  kil.  of  iron  of  medium  sizes  by  the  Franche- 
Comte  process  in  one  finery,  yielding  170,000  kil.  (about  170  tons  of 
2LM0  lbs.  to  the  ton)  per  year : 

Pig-iron  (1350  kil..  at  1M-04  franca  Uic  1000  kil.    263  30 

ClmnvKil  7  cubic  metres,  inclusive  «.f  waste,  at  20*95  francs  ;   140*85 

Lalxmr    21  50 

Water-course  2500  francs  j>er  year   14*70j 

Interest  on  capital  30,0u0  francs  per  finery  at  0  =  lsO(i)  10 -58  (JO  francs.  60*00 
Management,  repairs,  contributions,  and  sundry  expenses  34-72) 

Total   485  15 


The  cost  of  production  was  therefore  about  191  per  statute  ton  of 
2240  lbs. 

In  treating  dark  grey,  highly  graphitic  pig-iron,  which  nielts  less 
easily  than  grey  pig-iron,  but  which,  when  once  fused,  remains  longer 
liquid,  the  following  alterations,  according  to  Thirria,  are  made:— 
1.  The  blast  is  inclined  so  as  to  produce  tho  highest  temperature  in 
the  upper  part  of  the  tire,  i.e.  from  7°  to  8  .  2.  The  twyers  are 
advanced  0W  10  (3'94  in.),  instead  of  0m0*0  or  0m  090,  and  the  twyer- 
plato  is  made  to  slopo  a  little  more  than  usual  towards  the  interior  of 
the  firo,  in  order  to  bring  tho  blast  nearer  the  pig,  and  so  facilitate  its 
fusion.  3.  The  back-twyer  is  placed  0m030  (1*18 in.)  or  O™040 
(W>8  in.)  nearer  the  back-plate,  as  well  to  raise  the  temperature  in  the 
posterior  part  of  tho  fire,  where  the  pig  is,  as  to  render  more  easy  the 
raising  up  of  the  ferriferous  mass.  4.  The  depth  of  the  fire,  which  is 
usually  0"  20  (7*H7  in.)  for  grey  pig-iron,  is  increased  to  0*230 
(0-05  in.),  an  arrangement  from  which  it  results  that  the  drops  from 
the  melting  pig  full  through  a  longer  course,  and  the  temperature  in 
tho  lower  part  of  the  hearth  is  lowered,  whereby  the  coagulation  of 
the  ferriferous  mass  is  promoted.  5.  If  practicable,  the  volume  of  the 
blast  injected  during  the  ditferent  stages  of  the  process  is  increased, 
and  chiefly  at  tho  time  of  raising  up  the  ferriferous  mass.  G.  More 
rich  cinder  is  added,  in  order,  by  means  of  tho  oxygen  which  it  con- 
tains, to  promote  the  decarburization  of  the  metal.  7.  The  ferriferous 
mass  is  exposed  more,  and  during  a  longer  time,  to  tho  action  of  the 
blast,  a  more  efficient  means  of  decarburization  than  the  addition  of 
rich  cinder. 

In  treating  white  and  mottled  pig-iron,  which  melt  more  easily  than 
dark  grey  and  grey  pig-iron,  but  which  in  a  state  of  fusion  are  less 
liquid  and  congeal  more  promptly,  cateris  paribus,  it  becomes  necessary, 
on  tho  one  hand,  that  their  fusion  should  not  take  place  too  rapidly, 
as,  in  that  case,  they  would  form  a  magma  in  the  hearth,  without  being 
sensibly  decarburized  ;  and,  on  the  other  hand,  that  the  ferriferous 
mass  should  not  coagulate  too  quickly,  which  would  produce  imper- 
fectly depurated  iron.  Consequently,  the  following  alterations  are 
made: — 1.  The  inclination  of  the  blast  is  less  than  7°  or  8",  which 
produces  the  maximum  temperature  in  tho  part  occupied  by  the  pig, 
and  is  reduced  to  or  4°.  By  this  means  tho  white  or  mottled  pig- 
iron  does  not,  like  tho  dark  grey  and  grey  pig-iron,  melt  drop  by 
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drop,  but  in  little  scales  (petite  ecailles),  which  is  requisite,  in  order 
that  it  should  not  be  too  much  decarburized  in  its  course  from  the  pig 
to  the  bottom  of  the  hearth.  2.  The  twyer-side  is  fixed  vertical,  and 
the  twyers  are  only  advanced  0"050  (1-97  in.)  or  0m  060  (2*36  in.), 
instead  of  0"  080  or  0*  090,  so  that  the  pig  may  bo  less  expo>ed  to  the 
action  of  the  blast  3.  The  front  twyer  is  brought  0m  030  (1-18  in.)  or 
CO-IO  (1*58  in.)  within  the  fore-plate,  in  order  to  lower  the  tempera- 
ture in  the  posterior  part  of  the  hearth  where  the  pig  is.  4.  The 
depth  of  the  hearth  is  diminished  to  0m  170(f>-7  in.)  below  the  eye  of  the 
twyer,  with  the  double  object  of  rendering  the  decarburization  of  the 
pig-iron  less  complete  in  its  course  to  the  bottom  of  tho  hearth,  and 
of  keeping  the*  ferriferous  mass  in  a  pasty  state  during  the  whole  period 
of  its  depuration.  5.  The  bottom  is  a  little  less  inclined  towards  the 
side  facing  the  twyer,  in  order  that  tho  ferriferous  mass  may  bo  sub- 
jected to  a  higher  temperature  in  the  vicinity  of  that  side,  and  its 
coagulation  be  retarded.  6.  The  intensity  of  tho  blast  is  a  little 
diminished  during  all  the  stages  of  the  process.  7.  Less  rich  cinder 
is  added,  so  that  decarburization  may  take  place  with  all  proper  grada- 
tion. 8.  During  the  raising  up  stage,  the  ferriferous  mass  is  exposed 
for  a  shorter  time  to  the  decarburizing  action  of  the  blast. 

Thirria  describes  two  modifications  of  the  Franche-Comte  process 
(which  1  will  call  A)  under  the  titles  of  44  Mcthodo  Champenoise  " 
(B),  and  44  Methodo  Bourguignonne "  ((');  but  there  is  nothing  so 
peculiar  in  either  as  to  render  any  special  account  necessary.  In  both 
the  hearth'  is  constructed  in  the  same  manner  as  in  A,  though  the 
dimensions  are  smaller,  and  there  arc  other  minor  differences,  relat- 
ing to  the  inclination  of  the  sides,  etc.  In  B  mottled  pig-iron  was 
usually  treated,  and  in  C  white  pig-iron. 

The  pig-iron  melts  drop  by  drop  in  A  and  C,  while  it  ought  to  melt 
"in  scales"  in  P>.  In  A  and  B  the  ferriferous  mass  resulting  from 
fusion  of  the  pig  is  raised  up  and  subjected  to  the  oxidizing  action  of 
the  blast,  but  this  operation  does  not  last  so  long  in  B  as  in  A.  In  < ' 
it  is  omitted,  as  the  decarburization  of  the  pig-iron  is  almost  com- 
pletely effected  in  its  course  from  the  pig  to  the  bottom  of  tho  hearth. 
In  A  much  rich  cinder  is  used  to  promote  decarburization,  in  B  little 
is  added,  and  in  C  none.  In  B  the  end  of  tho  melting  pig  is  several 
times  broken  off,  so  that  portions  of  non-decarburized  iron  may  mix  with 
the  ferriferous  mass  and  keep  it  in  a  pasty  state  during  a  suitable  time  ; 
on  the  contrary,  this  is  avoided  in  A  and  ('.  In  A  the  ball  is  larger 
than  in  B  and  C,  and  is  forged  into  two  blooms,  whereas  only  one 
bloom  is  made  in  B  and  C. 

From  actual  results  Thirria  arrived  at  the  conclusion  that  hot  blast 
might  be  advantageously  adopted  in  the  treatment  of  cold -blast  char- 
coal pig-iron,  with  a  saving  of  from  L0°/o  to  Hi  °/0  of  fuel  in  covered-in 
fineries,  and  of  from  3%  to  7%  of  pig-iron,  and  with  from  8%  to  107o 
increase  on  the  yield  of  iron.  The  temperatures  which  he  recom- 
mended for  the  blast  in  A.  B,  0,  were,  respectively,  S0n  to  120",  130° 
to  150°,  and  160^  to  180^  (Centigrade). 

The  following  comparative  statement  by  Thirria  of  the  make,  cm 
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sumption  of  pig-iron,  etc.,  by  the  three  processes,  may  be  inter- 
esting : — 


Duration  of  the  process  in  minutes... 


A  verago  weight  of  iron  yielded  by  the  ball  j 

in  each  or*  ration   I 

Amount  of  pig-iron  consumed  in  each) 

operation  / 

W  l  ight  of  bar-iron  manufactured  in  24 1 

hours-   I 

Average  production  of  finished  iron  perl 

mouth   I 

Consumption  of  pig-iron  per  1000  kil.  ofl 

finished  iron   J 

Consumption  of  charcoal  per  1000  kil.  of| 
finished  iron   I 


Cost  of  production  of  1000  kil.  of  finished  1 
iron  of  medium  sizes   / 
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Slag-bottom  Process  (Schcallarbeit). 

This  method  is  practised  in  Styria.  The  hearth  is  similar  in  con- 
struction to  those  previously  described.  The  bed  is  composed  of  rich 
finery  cindor,  brokon  up  small,  and  stamped  firmly  down ;  and  much 
attention  is  required  to  keep  it  in  good  order.  The  metal  treated  is 
cellular  white  pig-iron  (gross-luckigcr  Floss),  which  is  added  in  pieces 
about  7  in.  or  8  in.  broad,  and  1^  in.  thick.  The  charge  is  about  230  lbs.7 
One  ball  is  produced,  which  is  divided  into  eight  blooms,  and  each 
bloom  is  drawn  out  into  a  bar  under  tho  hammer.  In  reheating  the 
blooms  they  are  immersed  in  the  bath  of  molten  cinder.  The  merchant 
bain  are  specially  used  in  the  manufacture  of  nails  and  wire.  The  loss 
is  15  °/0  °f  th°  pig-iron  treated.  Tho  charcoal  (pinewood)  consumed, 
por  100  parts  by  weight  of  finished  iron,  is  from  23  to  25  cubic  feet. 
A  heat  lasts  from  1 J  to  2  hours. 

Stykian  Process  (Steirische  Lvscharbeit). 

The  hearth  resembles  those  already  described.  The  bed  is  formed  of 
the  small  residual  charcoal  from  previous  operations,  and  which  con- 
tains more  or  less  of  intermingled  cinder.  It  is  moistened,  stamped 
down,  and  then  shaped  into  a  suitable  cavity.  The  metal  treated  is 
largo  and  small  cellular  white  pig-iron,  tho  former  (gekrausten  Flossen) 
being  adapted  to  produce  hard,  and  tho  latter  (kloinluckige  Flossen) 
soft  wrought-iron.    As  in  the  last  process,  so  in  this,  the  fining  and 


7  Austrian.  I  have  not  considered  it  !  of  this  nature,  the  differences  iuv  too 
necessary  to  givo  the  corresponding  Eng-    to  be  of  any  pmctieal  importance. 


lish  weights  and  measures,  as,  in  prr>eesses 
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reheating  are  conducted  simultaneously  in  tho  same  hearth.  The 
metal  is  added  in  pieces  about  2  in.  thick.  The  charge  for  hard  iron 
is  about  250  lbs.,  which  is  introduced  in  two  portions  of  150  lbs.  Jind 
100  lbs.  respectively,  at  separate  stages  (if  the  process.  The  charge 
for  soft  iron  is  about  160  lbs.,  which  is  also  added  in  two  portions  of 
100  lbs.  and  60  lbs.  respectively.  The  first  portion  of  the  charge,  pre- 
viously heated  during  the  second  stage  of  the  reheating  process,  is 
melted  slowly  down  with  the  blast  not  full  on,  and  fusion  begins  in 
about  20  minutes.  The  second  portion  of  the  charge,  also  previously 
heated,  is  slowly  melted  down  likewise ;  and  it  is  so  arranged  that  it 
shall  begin  to  melt  about  10  minutes  after  the  commencement  of  the 
fusion  of  the  first  portion.  From  20  lbs.  to  40  lbs.  of  hammer-slag  are 
thrown  in  directly  upon  tho  surface  of  the  molten  metal,  previously 
denuded  of  charcoal.  One  ball  is  made,  and  is  usually  formed  into 
four  blooms.  The  loss  for  hard  iron  is  about  8°/ol  and  for  soft  iron 
about  12°/c,  upon  the  pig-iron  treated.  The  charcoal  consumed,  per 
100  parts  by  weight  of  bar-iron,  is  about  from  150  to  40  cubic  feet  A 
heat  lasts  2  hours. 

Carinthian  Process  (Kdnitiierische  Ldscharbeit). 

An  interesting  point  in  this  process  is  the  form  in  which  the  pig-iron 
is  treated,  viz.  in  thin  discs  (blatteln),  resembling  in  shape  those  which 
are  obtained  in  the  Continental  method  of  refining  copper,  described 
in  the  First  I 'art.  They  are  produced  also  in  tho  same  manner. 
They  vary  from  6  in.  to  3  ft.  in  diameter,  and  are  about  J  in.  in  thick- 
ness, except  at  the  edges,  where  the  thickness  is  greater.  Tho  metal 
is  in  the  state  of  white  pig-iron,  and  the  discs  should  bo  brittle  and 
white  on  fracture.  Before  use,  tho  discs  are  kept  heated  to  redness 
during  a  considerable  time,  say  about  .30  hours,  with  pretty  free  access 
of  atmospheric  air,  whereby  carbon  is  removed,  as  in  tho  process  of 
making  malleable  cast-iron,  and  superficial  oxidation  takes  place.  Tho 
Germans  designate  this  operation  "  Das  Braten,"  i.  e.  "  roasting."  It  is 
effected  in  hearths  from  10ft.  to  20  ft.  long,  and  5  ft.  to  6  ft.  broad, 
open  at  the  top,  and  having  an  air-channol  extending  tho  whole  length. 
The  discs  are  piled  more  or  less  vertical,  and  charcoal  is  used  as  tho 
fuel. 

The  fining  and  reheating  processes  are  conducted  in  the  same 
fire.    Tho  hearth  is  composed  of  plates  of  cast-iron,  and  presents 
nothing  unusual  in  construction.    During  the  process  of  working,  the 
bottom  is  always  covered  with  a  layer  of  "  losch,"  from  4  in.  to  6  in. 
thick.     The  roasted  discs  aro  broken,  and  piled  in  the  hearth  in 
packets  from  15  in.  to  20  in.  long,  8  in.  to  10  in.  broad,  and  6  in.  high, 
the  largest  pieces  being  placed  at  tho  bottom,  and  with  tho  broadest 
side  of  the  packet  towards  tho  twycr.    Such  a  packet  weighs  about 
120  lbs.    It  is  then  gradually  melted  down,  caro  being  taken  to  pre- 
vent any  unmeltcd  portions  from  dropping  into  the  molten  metal  accu- 
mulated beneath.    A  second  but  smaller  packet,  weighing  about  100 
ibs.,  is  piled  on  the  top  of  the  first,  when  the  latter  is  partially  melted 
down  ;  and  over  the  whole  are  placed  small  pieces  of  roasted  discs 
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mixed  with  hammer-slag.  One  ball,  weighing  from  220  lbs.  to  240  lbs., 
is  produced  and  made  into  two  blooms,  which  are  subdivided  into  6 
parts  each,  and  hammered  out  into  bars.  The  loss  upon  the  un roasted 
plates  is  20  70-  The  consumption  of  charcoal,  per  100  parts  by  weight 
of  finished  iron,  is  from  25  to  30  cubic  feet,  exclusive  of  that  consumed 
in  roasting  the  discs,  which  amounts  to  2  cubic  feet  extra.  A  heat 
lasts  about  2^-  hours. 

Tyrol  Process  (  Tyroler  fkhmiede). 

It  is  stated  to  be  very  similar  to  t  he  Sty  nan  process.  Kcfined  pig- 
iron  is  treated  in  charges  of  about  350  lbs.  One  ball  only  is  produced. 
In  making  finished  iron  the  loss  of  pig-iron  is  from  23%  to  25  °/Q.  The 
consumption  of  charcoal  is  reported  to  be  from  30  to  40  cubic  feet.  The 
fining  process  lasts  from  2  to  2$  hours. 

Sieoen  PROCESS  (Siege  nscfe  Einmakchmekerei). 

The  hearth  is  as  usual  mado  of  cast-iron  plates,  and  presents  nothing 
remarkable  in  construction.  The  bed  is  formed  of  a  mixture  of  broken  - 
up  cinder  and  hammer-slag.  The  pig-iron  operated  on  is  mottled  or 
white.  It  is  used  in  the  form  of  long  pigs,  exactly  as  in  the  Walloon 
method.  The  charge  varies  from  000  lbs.  to  700  lbs.  The  cinder  is 
tapped  off  during  the  process.  One  ball  only  is  produced.  The  loss 
in  making  finished  iron  is  25  °/0  on  the  pig-iron.  The  consumption  of 
charcoal  is  stated  by  Tunner8  to  bo  only  0  cubic  feet  per  100  lbs.  of 
finished  iron,  but  according  to  Karsten"  and  Wigand 1  it  is  about  9  cubic 
feet.    A  heat  lasts  about  3  hours. 

Lombardy  Process  (Mfujlaarbeit).* 

According  to  Tunner  this  method  was  generally  practised  in  Lom- 
bardy,  and  at  Primor,  Southern  Tyrol,  and  is  still  occasionally  used. 
Its  peculiarity  consists  in  subjecting  the  pig-iron  to  a  special  treat- 
ment before  the  fining  proper  commences.  I  shall  chiefly  avail  myself 
of  the  paper  of  Audibert  in  the  following  description,  translating 
freely,  as  far  as  possible.  The  process,  as  conducted  at  Lecco  in  the 
valley  of  Sassina,  comprises  three  distinct  stages: — 

1.  Slow  fusion  of  the  pig-iron  under  the  blast.  This  is  in  fact  similar 
to  the  ordinary  refinery  process  under  coke,  except  that  it  is  carried 
further.  2.  Formation  of  cotizzi,  or  cakes  formed  by  the  agglomeration 
of  half-fined  pig-iron,  fragments  of  charcoal,  and  cinders.  3.  Fining 
proper,  shingling,  and  drawing  out  into  bars. 

1.  The  charge  consists  of  250  kil.,  or  about  500  lbs.,  of  pig-iron,  half 
from  Bergamo  and  half  from  Brescia,  in  pieces  about  12  or  14  square 
inches  in  area,  and  2  in.  or  2\  in.  thick.  The  preceding  operation  ended, 
the  hearth  is  emptied  and  cleaned,  after  which  a  solid  bed  of  moistened 

s  Op.  cit.  2.  p.  H 2.  mtfthode  ber^masque  dans  les  urines  de 

»  Eisenkiittenk.  4.  p.  14«5.  Lombanlie.    Par  M.  Ed.  Audibert.  An- 

1  Frisohhuttenb.  p.  5ti.  nales  des  Mines,  4  s.  1.  p.  (513. 
12  Vid.  Notice  sur  1'nttinnge  du  for  par  la 
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charcoal-powder  is  formed  in  it  up  to  the  twyer;  it  is  then  filled  up 
with  large  charcoal,  and  the  blast  is  turned  on.  The  entire  charge 
is  added  at  once  on  the  top  of  the  charcoal,  and  as  near  tho  twyer 
as  possible.  During  the  whole  of  this  stage,  in  order  that  fusion 
should  proceed  slowly,  tho  blast  is  only  half  on.  Every  time  charcoal 
is  added,  what  remains  of  the  unmelted  pig-iron  is  raised  up  and  kept 
at  the  height  of  the  twyer,  so  that  it  may  be  prevented  from  falling  in 
a  solid  state  into  the  liquid  stratum  at  tho  bottom  of  the  hearth.  After- 
fusion  of  the  pig  iron,  which  is  completed  in  2J  hours,  water  is  thrown 
upon  the  fire,  and  tho  charcoal  rapidly  removed  from  the  hearth.  The 
bath  of  molten  metal  is  uncovered,  and  water  is  then  thrown  on  it  in 
order  to  solidify  the  supernatant  cinder,  of  which  the  greatest  part  is 
removed.  About  50  lbs.  of  hammer- slag  is  next  added  to  the  molten 
metal  in  three  successive  portions,  and  the  whole  is  well  rabbled  or 
mixed  up  together.  The  metal  instantly  becomes  pasty  and  collected 
into  clots.  It  is  taken  out,  placed  upon  a  platform,  and  cooled  with 
water.  It  is  very  important  that  this  part  of  the  work  should  be  done 
very  quickly,  without  which,  the  hearth  becoming  cold  in  a  few 
seconds  from  the  injection  of  the  water,  the  solidification  of  the  pig- 
iron  would  prove  an  obstacle  to  its  extraction.  This  sometimes  hap- 
pens, and  part  of  the  pig-iron  adheres  to  tho  bottom  of  the  hearth, 
which  must  be  broken  with  a  hammer,  and  cannot  even  then  be  de- 
tached without  difficulty. 

The  products  of  this  stage  are — 1.  Cinders  taken  out  of  the  hearth 
before  touching  the  pig-iron,  which  are  not  subsequently  used  in  fining, 
and  are  sold  for  the  blast-furnaces.  2.  Half-fined  pig-iron,  mixed  with 
a  certain  quantity  of  cinder,  which  it  was  not  attempted  to  separate, 
fragments  of  charcoal,  and  hammer-slag.  This  mixture  is  a  sort  of 
slightly-coherent  breccia. 

2.  The  hearth  is  cleaned,  and  again  filled  with  charcoal-dust  strongly 
stamped  down,  so  as  to  leave  no  cavity  anywhere  except  in  front  of 
the  twyer.  Into  this  cavity  is  charged  the  sixth  part  of  the  mixture 
of  half-fined  pig-iron  and  cinder  produced  in  the  first  stage.  On  tho 
top  is  thrown  a  shovelful  of  incandescent  charcoal,  which  is  covered 
with  charcoal-dust.  The  blast  is  afterwards  turned  on,  but  very  feebly, 
and  it  is  forced  to  spread  itself  through  the  whole  metallic  mass  by 
introducing  an  iron  hook  into  the  twyer  in  front  of  the  blast-pipe. 
During  this  period  scarcely  any  charcoal  is  consumed.  The  blast, 
always  injected  in  very  feeble  quantity,  strikes  directly  upon  the  pig- 
iron,  so  that  only  very  little  of  tho  charcoal,  which  is  below,  bums 
away.  Hie  labour  of  the  workman  is  almost  nothing:  it  consists  in 
piling  up  with  a  shovel  the  fragments  of  pig-iron,  so  as  to  cause  them 
to  agglomerate,  renewing  the  layer  of  charcoal  covering  them,  and 
moistening  it,  in  order  that  the  blast  may  be  compelled  to  circulate  in 
the  metallic  mass  as  long  as  possible,  and  in  keeping  this  mass  at  the 
level  of  the  twyer.  The  temperature  rises  just  sufficiently  to  solidify 
the  cinder  mixed  with  the  pig-iron,  and  to  soften  the  pig-iron  itself, 
so  that  the  matters  not  agglomerated  at  their  entrance  into  the  hearth, 
finish  by  agglutinating  together  and  forming  a  cake  termed  cotizzo,  to 
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which  the  hollow  on  tho  exterior  produced  by  tho  blast  gives  the  form 
of  a  cap.  When  it  is  judged  that  tho  cotizzo  or  lump  may  be  raised  in 
one  piece,  which  usually  happens  in  J  hour,  the  blast  is  stopped,  the 
fire  uncovered,  the  lump  taken  out,  and  placed  on  a  platform  near  tho 
hearth.  A  second  lump  is  formed  in  the  same  manner,  and  so  also 
with  4  others,  there  being  6  in  all. 

3.  Each  lump  is  fined  separately  in  the  ordinary  way.  Tho  process, 
however,  is  rendered  very  easy  by  the  advanced  state  of  the  decar- 
burization  resulting  from  the  preliminary  treatment.  The  hearth  is 
brasqued  with  charcoal  as  in  the  preceding  operation.  On  the  top  un- 
ignited  large  charcoal  is  placed,  together  with  a  little  incandescent 
charcoal,  and  then  a  lump  is  put  by  the  side  of  the  twyer.  The  blast 
is  let  feebly  on  at  first,  ami  gradually  increased  so  that  it  may  bo 
full  on  in  £  hour.  Rich  cinder  and  hammer-slag,  from  a  fonner  ope- 
ration, are  thrown  on  the  fire  at  intervals  on  tho  side  of  the  twyer  ; 
charcoal  is  constantly  supplied,  and  at  each  addition  the  lump  is 
raised,  so  that  it  may  always  be  fully  exposed  to  tho  action  of  the 
blast.  The  iron  comes  gradually  to  nature,  detaches  itself  from  the 
lump  by  clots  ((jruniewtx),  which  drop  with  the  cinder  into  the 
brasque,  unite  together,  and  form  the  ball.  An  hour  is  required  in 
this  operation.  Tho  ball  is  forged  and  divided  at  f  of  its  length  into 
two  blooms.  In  each  heat  are  produced  3  bars,  weighing  about  12  or 
13  kil.  each.  Tho  forging  lasts  an  hour.  Not  less  than  18  hours  are 
needed  for  the  fining  and  forging  of  the  original  charge  of  250  kil.  of 
pig-iron.  The  consumption  of  charcoal  is  very  large,  being  240  kil. 
for  100  kil.  of  finished  iron.  Tho  loss  is  4^°/  ,  on  the  P'g-iron,  exclusive 
of  the  hammer-slag  employed  ;  but  inclusive  of  this  slag,  which  usually 
contains  from  70  V,  to  75%  of  metallic  iron,  it  is  18°/  or  19°/  .  This 
slag  is  very  cheap ;  and  estimating  it  at  its  equivalent  value  in  pig- 
iron,  the  loss  is  8°/0.  Tunuor  states  the  loss  to  be  from  14D/0  to  1G%« 
The  cost  of  production  of  100  kil.  of  finished  iron  is  as  follows  : — 


PiS-iron    105  kil.     24- 15  franca. 

Charcoal   266  19-12  ,, 

Hammer-sing   21  0'84 

Labour   187  ,, 


45  98 


That  is,  somewhat  more  than  18/.  per  ton;  but  this  does  not  include 
general  expenses,  such  as  interest  on  plant,  working  capital,  repairs, 
etc.  The  maximum  make  in  one  of  the  Lecco  fineries  was  60,000  kil., 
or  about  GO  tons  per  annum.  According  to  Tunner  the  iron  made  by 
this  process  is  of  superior  quality,  but  more  soft  than  hard. 

The  cinder  produced  in  the  first  stago  of  the  process  at  Lecco  was 


composed  as  follows  : — 

Silica    28 '2 

Protoxide  of  iron    38  •  1 

Protoxide  of  manganese    25-7 

Lime    G  O 

Magnesia    20 
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The  presence  of  so  large  a  quantity  of  lime  and  magnesia  Andibert 
attributes  to  the  blast-furnace  slag,  with  which  tho  cavernous  pig-iron 
is  always  impregnated.  Tho  large  proportion  of  protoxide  of  man- 
ganese should  be  noted,  as  showing  the  rapid  elimination  of  this  metal 
owing  to  its  greater  oxidizability  than  iron. 

It  is  obvious  that  in  this  process  the  oxygen  contained  in  the  ham- 
mer-slag, etc.,  plays  a  chief  part  in  the  decarbnrization  of  the  pig- 
iron.  The  intermingling  of  the  refined  metal,  produced  in  tho  first 
stage,  with  ferriferous  matter  rich  in  oxygen,  must  tend  greatly  to 
promote  the  oxidation  of  the  carbon  in  the  second  stage.  This  is  pre- 
cisely what  is  now  actually  done  in  tho  44  boiling  process"  in  tho 
puddling-furnace. 

Salzburg  Process  (Sahburger  Sinter- A  rUit). 

With  respect  to  this  process,  Tunner  remarks,  that  owing  to  tho 
present  high  price  of  charcoal,  it  is  only  interesting  in  a  scientific 
and  historical  point  of  view.  Grey  pig-iron  is  operated  on,  which  is 
subjected  to  the  same  preliminary  treatment  as  in  the  Lombardy  process. 
There  is  nothing  peculiar  in  the  construction  of  the  hearth.  The 
reheating  and  fining  operations  are  conducted  in  the  samo  hearth ; 
the  former  being  eompleted  before  tho  latter  begins.  For  every  ball 
110  lbs.  of  stamped  pig-iron  and  from  35  lbs.  to  40  lbs.  of  hammer-slag 
are  required.  Much  cinder  is  formed,  and  must  frequently  bo  tapped 
off.  The  whole  time  required  to  form  a  ball  yielding  from  130  lbs.  to 
l.>0  lbs.  of  finished  iron  is  about  3£  hours.  Tho  consumption  of  pine- 
wood  charcoal  is  from  40  to  45  cubic  feet  for  100  lbs.  of  bar-iron. 

The  Bohemian  Process  (Bdhmisclie  Anlaufschmiede).* 

This  process,  which  is  classed  by  Tunner  in  the  same  division  as 
the  Franehe-Comte  process,  was  conducted  at  Horzawitz,  in  Bohemia, 
fifty  years  ago,  in  the  samo  manner  as  at  present,  and  from  thence  was 
introduced  into  Styria. 

More  or  less  mottled  and  even  grey  pig-iron  may  bo  worked  in  this 
hearth. 

The  hearth  is  formed  of  four  cast-iron  plates.  Tho  dimensions  aro  : 
Depth  under  tho  twycr,  from  1 0  in.  to  1 1  in. ;  from  the  edge  of  tho 
back  plate,  12  in.  to  13  in.;  from  tho  side  facing  tho  twycr,  12  in.  to 
14  in. ;  from  the  fore,  or  work-plate,  14  in.  There  is  a  wall  at  tho 
back  of  tho  back-plate,  extending  8  in.  above  that  plate.  Tho  mouth 
of  the  twyer  is  semicircular,  or  quadrangular,  lj  in.  broad,  10  to  12 
lines  high,  overlying  the  twyer  plate  3£  in.  Tho  blast-pipo  lies 
from  3$  in.  to  4  in.  back  in  the  twyer;  it  is  circular,  and  from  10  to 
12  lines  in  diameter;  the  twyer  inclines  10°.  The  fore-hearth  is 
very  long.  The  hearth  is  enclosed  in  front  by  brickwork  having  a 
large  opening  at  tho  bottom,  so  that  on  this  side  there  is  no  cast-iron 
plate. 

The  pig-iron  is  preferred  in  pieces  G  in.  broad,  18  long,  and  1  thick 
a  Tunner,  2.  p.  188.    The  illustrative  woodcuts  are  copied  from  those  of  Tunner. 
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(Austrian  measure).     Tine-wood  charcoal  is  the  fuel  used  (Kiefer- 
kohleit). 

Small  charcoal  (Lbsch)  is  put  upon 
the  bottom,  and  especially  in  the  angles. 
Upon  this  bed  of  charcoal  is  formed 
another  of  rich  slag,  containing  from 
70  7    to  80  7.  of  protoxide  of  iron, 

/  (J  f  O  &  _ 

which  is  made  thickest  at  the  side 
facing  the  twyer,  fig.  122  and  fig.  123. 
Upon  the  slag  bed  the  pig- iron  to  be 
or  melted  is  arranged  in  layers,  so  as  to 
form  a  regular  pile  of  from  250  lbs.  to 
260  lbs.  in  weight,  including  from  10 
lbs.  to  20  lbs.  of  various  small  pieces  of 
pig-iron  left  in  the  hearth  from  pre- 
vious workings,  which  lie  at  the  bottom 
next  the  slag.    In  the  empty  space  be- 
tween the  side  facing  the  twyer  and 
the  pile,  only  a  few  pieces  of  slag  are 
inserted,  in  order  to  support  the  pile. 
The  space  between  the  pile  and  the 
twyer  side  is  now  filled  with  charcoal 
up  to  the  twyer,  and  the  blast  put  on  at 
a  pressure  equal  to  a  column  of  water 
of  from  0  to  10  inches. 

The  heat  of  the  furnace  is,  as  usual, 
economized  in  the  reheating  of  blooms  of  a  previous  charge  ;  and  during 
this  period  (Ausheitzen)  the  pile  must  frequently  be  raised  up  and 
brought  nearer  the  twyer.  The  metal  soon  begins  to  melt  at  the  lowest 
part  of  the  pile,  where  tho  blast  directly  plays  upon  it.  As  the  pile  sinks 
down,  the  pieces  of  slag  become  useless  as  supports,  and  may  then  be 
removed.  In  from  half  an  hour  to  an  hour  after  tho  rchmting  process 
the  melting  of  tho  pig-iron  is  completed.  For  some  time  previously 
tho  pressure  of  the  blast  is  diminished  when  the  pile  is  only  3  in.  or 
4  in.  from  the  twyer.  The  whole  time  from  the  beginning  to  the  end 
of  the  melting  amounts  to  .'If  hours,  during  which  16  cubic  feet  of 
charcoal  are  consumed.  This  time  will  necessarily  vary  accordiug 
to  the  size  of  the  hearth  and  other  obvious  circumstances. 

After  the  conclusion  of  the  melting, 
the  pressure  of  the  blast  is  still  further 
reduced  to  only  2  in.  or  3  in.  of  water. 
If  much  poor  cinder  be  present,  it  must 
be  tapped  off  at  the  uppermost  part. 
But  most  of  the  poor  slag  sweats  out 
during  tho  next  step  of  the  process, 
when  the  iron  "  comes  to  nature."  The 
fuel  is  now  kept  up  as  in  the  annexed 
sketch,  fig.  124. 

lne  particles  of  iron  near  the  twyer  become  semi-solid,  partly  bv 


Hg.  123.    Nan  thuwfng  pile  of  pig-irun. 


Kig.  121. 
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the  cooling  effect  of  the  blast,  and  partly  by  decarburization.  The 
workman  scrapes  this  semi-solid  mass  away  from  the  twyer,  throws 
in  fresh  fuel,  and  places  thereon  the  mass  so  removed.  Provision 
is  now  made  lor  tapping  off  the  cinder.  To  this  end,  the  small 
charcoal  of  the  fore  part  of  the  hearth  is  scraped  out  to  the  depth  of 
6  in.  or  8  in.  ;  and  in  the  hollow  so  formed,  an  old  slab  or  similar  piece 
uf  iron  is  laid  to  serve  as  a  support.  In  doing  this,  the  solid  crust 
next  the  fore  part  of  the  hearth  is  left  undisturbed,  in  order  to  prevent 
the  escape  of  fluid  iron  and  cinder  into  the  hollow.  A  small  bar  is 
pushed  under  the  iron  slab  so  as  to  pierce  the  solid  crust  as  high  as 
practicable.  Not  unfre<piently  some  iron  flows  along  with  the  cinder; 
the  cinder  is  thrown  away  ;  and  if  any  iron  escape,  it  is  placed,  after 
it  Iras  become  solid,  at  the  top  of  the  charcoal  above  the  twyer.  This 
process  of  tapping  off  and  raising  (Liiften)  is  many  times  repeated. 
The  iron  slab  is  in  the  mean  time  taken  away,  in  order  the  better  to 
break  up  the  upper  mass  which  lies  against  it;  it  is  afterwards 
replaced  somewhat  deeper.  The  above-mentioned  manipulation  of  the 
mass  before  the  twyer  by  breaking  up  the  half-fined  particles,  and 
imbedding  the  loose,  broken  up  pieces  in  the  fuel,  proceeds  pari 
juLsm  with  the  sweating  out  of  the  poor  cinder.  By  this  means 
the  mass  above  the  twyer  increases  in  bulk,  as  seen  in  the  annexed 
•sketch,  fig.  125. 

The  mass  of  iron  at  the  bottom, 
especially  under  the  twyer,  is  several 
times  raised  with  a  bar  in  order  to 
prevent  its  setting  fast,  and  the 
better  to  prepare  it  for  the  "  break- 
ing up." 

In  the  course  of  half,  or  three- 
quarters  of  an  hour,  the  sweating 
out  of  the  cinder  ceases,  after  which  Fig.  125. 

the  iron  slab  support  is  removed, 

and  its  place  filled  with  small  charcoal.  The  mass  heaped  up  above  the 
twyer  comes  to  a  gentlo  "boil"  (Kochen),  by  which  its  "coming  to 
nature "  is  much  promoted.  All  is  now  broken  up  from  the  bottom 
under  the  twyer  ;  but  only  raised  up  (nur  geliiftet)  on  the  side  facing 
the  twyer,  where  the  iron  is  still  in  the  state  of,  only  nearly  quite  fluid, 
unchanged  pig-iron.  The  staff  on  which  the  iron  is  to  be  collected  is 
now  held  in  the  fire.  This  part  of  the  piocess— that  of  "coming  to 
nature  " — lasts  1 J  hour  :  three  cubic  feet  of  charcoal  are  consumed. 

The  staff,  from  which  the  last  bloom  has  been  cut  off,  is  hammered 
Muooth  at  the  cut  end,  and  then  placed  under  the  twyer.  The  par- 
ticles of  iron  which  have  thoroughly  "  come  to  nature,"  being  at  a 
welding  heat,  adhere  together,  and  stick  to  the  end  of  the  staff,  which 
is  turned  round  at  intervals  in  order  to  obtain  a  regular  mass,  or  ball. 
(See  fig.  1 20.)  The  best  iron  is  thus  produced.  The  ball  on  the  end  of 
the  staff  is  worked  under  the  hammer  and  cut  off,  the  remaining  portion 
of  the  staff  being  used  to  collect  the  uext  ball,  which  is  welded  to  the 
end  of  a  staff,  and  wrought  under  the  hammer.    Most  of  the  iron  melts 
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down  without  adhering  to  tho  staff,  and  part  of  that  which  has  attached 
itself  to  the  end  of  the  staff  is  melted  off  again,  so  that  immediately 

under  tho  twyer  is  collected  a  mass 
of  iron  which  has  thoroughly  "come 
to  nature."  By  thus  successively 
breaking  up  the  metal  under  tho 
twyer,  and  again  piling  it  up  above 
the  twyer,  the  conversion  of  pig 
into  malleable  iron  is  at  length 

 .   completed.    About  2}  hours  are  oc- 

)    cupied  in  collecting  the  metal  on 
1   tho  staff,  etc.,  during  which  1 1  cubic 
feet  of  charcoal  are  consumed. 

 i     The  pieces  of  metal  remaining  in 

tho  hearth,  which  differ  much  in 
ng  126  respect  to  degree  of  decarburization, 

are  collected  together  and  again 
molted  down  before  the  blast,  rich  slag  having  been  previously  added 
if  necessary :  a  last  ball  is  thus  obtained,  and  subjected  to  the  usual 
manipulation.  This  requires  1  hour,  during  which  3  cubic  feet  of 
charcoal  are  consumed. 

Tho  loss  of  iron  burnt  away  varies  from  23  %  to  25%,  so  that 
tho  yield  of  bar-iron  per  charge  somewhat  exceeds  200  lbs.  The 
weekly  production  of  fine  bar-iron  in  one  hearth,  at  Horzawitz,  amounts 
to  35  etrs.,  for  which  C  or  7  men  are  employed. 

At  Keutonhau,  near  Wiesonberg,  in  Moravia,  tho  pile  of  cast-iron  is 
in  two  parts,  as  shown  in  fig.  1 26,  and  the  hearth  is  so  narrow  that  the 
distance  between  tho  twyer  side  and  the  inner  side  of  tho  pile  is  only 
8  in. 

Kohnitz  Process  (liohnitzcr  Arbeit).* 

It  derives  its  name  from  Kohnitz,  in  Hungary,  whore  it  is  practised. 
It  most  resembles  the  Bohemian  process.  The  reheating  and  fiuing 
operations  take  place  simultaneously  in  the  same  hearth.  Mottled  or 
even  grey  pig-iron  is  used  in  charges  of  G  ctrs.  at  a  time.  The  metal, 
when  melted  down,  is  treated  as  in  tho  Lombardy  process,  and  the 
manipulation,  therefore,  need  not  bo  described.  Tho  hearth  is  pro- 
vided with  a  twyer  on  each  side,  inclined  from  18°  to  203,  so  that  it  is 
virtually  two  hearths  united,  and  may  bo  reduced  to  a  single  small 
hearth  by  stopping  the  blast  from  either  twyer.  The  bottom  plate  is 
42  in.  long,  4  in.  broad,  and  3  in.  thick.3  Tho  depth  below  the  centre 
of  tho  twyers  is  from  10  in.  to  12  in.  The  twyer  plates  and  back 
incline  a  little  inwards.  The  distance  between  the  centres  of  tho 
twyers  and  back-plate  is  12  in.  Tho  metal  is  completely  melted  down 
in  about  H  hour,  when  tho  cinder  is  tappod  off.  Tho  lump  is  divided 
into  two  or  more  balls,  which  are  reheated,  etc.,  in  the  following  heat. 
A  charge  is  worked  off  in  G  or  6}  hours  by  five  men.    The  loss  on  the 

«  Tanner,  op.  oil  2.  j>.  212.  I  reason  before  assigned,  I  luive  not  con- 

*  Austrian  measures,  which,  for  the  |  sidered  it  newssary  to  eonvert  into  English. 
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pig-iron  is  about  14%.    The  consumption  of  pino-wood  charcoal  is 
frum  25  to  28  cubic  feet  for  100  lbs.  of  finished  iron. 

Descriptions  of  other  processes,  such  as  the  Sulu  process,  the  Ose- 
nmnd  process,  the  Half-Walloon  process,  etc.,  will  be  found  in  various 
treatises ;  but  there  is  nothing  so  peculiar  in  any  of  them  as  to  require 
separate  notices. 

Slags  or  Cinders  produced  in  Finery  Processes. 

,  The  slags  produced  in  several  of  these  processes  have  been  analysed, 
and  the  analyses  collected  and  tabulated  in  a  convenient  form  for 
reference.'  German  writers  divide  them  into  two  classes,  raw  or  poor 
slags  (Rohschlacken),  and  rich  slags  (Gaarschlacken) ;  the  adjectives 
poor  and  ricli  indicating  the  relative  proportions  of  oxide  of  iron  which 
they  contain. 

Poor  slags. — These  slags  arc  formed  in  the  first  operation  of  melting 
down  the  pig-iron,  and  approximate  generally  to  the  formula  of  iron 
chrysolite,  or  olivine,  viz.,  3FeO,Si08,  in  which  the  protoxido  of  iron 
may  be  to  a  certain  extent  replaced  by  protoxide  of  manganese,  lime, 
and  magnesia,  the  lime  and  magnesia  usually  not  exceeding  2  %  each. 
When  pig-iron  containing  phosphorus  is  operated  upon,  these  slags  may 
be  expected  to  contain  phosphoric  acid  in  sensible  proportion ;  and 
there  is  reason  to  believe  that  this  acid  must  have  existed  in  many  of 
the  published  analyses,  in  which  it  is  not  mentioned.  It  is  very 
desirable  that  fresh  and  very  careful  analyses  of  some  of  these  slags 
should  be  made  by  competent  analysts. 

In  fifteen  analyses  tabulated  by  Lindauer,  and  presenting  nothing 
exceptional  in  composition,  the  mean  per  centago  of  silica  is  30,  and 
that  of  protoxide  of  iron  GO.7  The  oxygen  of  the  former  is  15*6,  and 
that  of  the  latter  13*3.  But  most  of  the  slags  taken  contained  prot- 
oxide of  manganese  (the  extremes  being  6#7°/0  and  ^mi°  (the 
extremes  being  3%  and  0%)»  magnesia  (the  extremes  being  2*4°/0 
and  07o),  and  alumina  (the  extremes  being  7*4%  and  0  °/G).  Scsqui- 
oxide  is  mentioned  in  only  two  of  the  series,  and  the  proportions  were 
2'2o°/0  and  1  '04°/o«  Potash  appears  in  two,  in  the  proportions  of 
0-29°/o  and  0-21%:  and  phosphoric  acid  also  in  two,  in  the  propor- 
tions of  1 6  -  5  %  and  5  •  22  %. 

According  to  Lindauer,  a  slag  obtained  in  fining  pig-iron  rich  in 
silicon  had  the  formula  2(FeO,  SiO*)+2FeO,  SiO» ;  and  ho  arrives  at 
the  conclusion  that  the  composition  of  all  finery  slags  may  bo  repre- 
sented by  formulae  comprised  between  those  of  3Fe(),Si03  and  3FeO, 
SiO»+3(2FeO,  SiO1),  the  silica  between  the  brackets  in  the  last 
formula  being,  as  he  supposes,  partially  replaced  by  sesquioxido  of 
iron.  He  further  concludes  that  the  slag  produced  at  the  beginning 
of  the  melting-down  6tage  has  the  formula  3FoO,  SiO8,  while  that 
produced  towards  the  end  of  it  has  formulae  ranging  from 

3FeO,  SiO3  +  3(2FcO,  SiO3;  to 

SFeO,  SiO3,  tVO3  +  3  2FoO,  SiO3,  Fe-O3). 

*  Vid.  Kerl's  Haudbuch.  2°  ed.  1861.  1.  7  Op.  cit.  p.  285.  The  analyse*  from 
p.  S68  d  M-n.  Lindauer 's  Compendium,  which  I  have  deduced  the  mean  are  1,2, 
1861,  p.  2H4 '  /  ««/.  3.  4,  6,  7,  8,  <>,  10,  11,  12,  15,  16,  17,  18. 
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There  cun  be  no  doubt  that  definite  formula  have  often  been 
assigned  to  mere  mixtures  of  definite  compounds  ;  and  in  reference  to 
this  subject,  attention  should  be  particularly  directed  to  the  results  of 
the  experiments  on  the  silicates  of  protoxide  of  iron  previously  in- 
serted. 1  do  not  know  on  what  ground  Lindauer  replaces  silica  by 
sesquioxide  of  iron  ;  and  the  results  just  alluded  to  render  it  probable 
that  no  such  combinations  of  sesquioxide  of  iron  exist,  and  that  when 
that  oxide  is  present,  it  is  in  the  state  of  magnetic  oxide  mechanically 
mixed. 

liich  slays. — They  consist  essentially  of  silica  and  protoxide  of  iron, 
with  small  proportions  generally  of  protoxide  of  manganese,  lime, 
magnesia,  and  alumina,  and  occasionally  also  of  sesquioxide  of  iron, 
potash,  soda,  and  phosphoric  acid. 

In  twenty  analyses  of  these  slags  tabulated  by  Lindauer,  the  mean 
per  eentagc  of  protoxide  of  iron  is  73-7,*  the  extremes  being  85'5°4 
and  54 %•  Tho  extremes  of  silica  are  21*4%  5-6%, — of  prot- 
oxide of  manganese,  11-43%  and0%' — of  lime,  7"36°/0  and  0%,— 
of  magnesia,  3*5%  and  0%» — of  alumina,  3*o%  and  07  , — of  ses- 
quioxide of  iron  (present  only  in  seven  of  the  series),  16*18°/.  an(^ 
0°/o, —  of  potash  (in  the  five  instances  in  which  its  presence  is 
recorded),  3*  70%  an(l  0%> — °f  soda  (in  the  three  instances  in  which 
it  was  stated  to  be  present),  0*57%  and  0*43%, — of  phosphoric 
acid  (in  tho  seven  instances  in  which  it  was  stated  to  be  present). 

4*70  7o  and  0*11  %. 

According  to  Lindauer,  the  mean  composition  of  these  slags  may  be 
represented  by  the  formuhe  — 

6FcO.  SiO3  ami  'A  2FeO,  SiO3)  +  8(CFcO,  SiO3;  +  2'FcO.  FtrO*,. 

Now,  it  has  been  previously  shown  that  there  is  strong  evidence  for 
concluding  that  no  such  formula  as  OFeO,  SiO3  exists  ;  and  that  every 
attempt  to  produce  a  silicate  of  protoxide  of  iron  with  less  than  1 
equivalent  of  silica  to  1  of  protoxide  of  iron  utterly  failed.  The  con- 
clusion at  which  I  have  arrived  from  that  evidence,  is,  that  these  slags 
arc  merely  mixtures  of  tribasic  silicate  of  protoxide  of  iron  (3Fe0, 
SiO'),  protoxide  of  iron,  and  magnetic  oxide  of  iron  ;  and  until  some- 
thing liko  proof  to  the  contrary  is  adduced,  I  shall  not  attempt  to 
deduce  elaborate  formuhe  on  purely  imaginary  grounds. 

After  what  has  now  been  advanced  in  various  parts  of  this  volume, 
I  apprehend  that  the  mode  in  which  decarburization  of  the  pig-iron 
in  the  finery  processes  is  effected  will  be  sufficiently  intelligible  to 
render  further  discussion  of  the  subject  superfluous. 


9  Op.  cit.  j».  288. 
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I?UNNING-OUT  FlBE,  OR  REFINERY.* 

It  is  represented  in  Figs.  127,  128,  120.  The  engravings  are  from 
drawings  of  a  refinery  at  the  Bromford  Iron-works,  near  Birmingham, 
belonging  to  my  friend,  Mr.  W.  H.  Dawes.  I  am  indebted  to 
Mr.  Arkinstall,  the  manager,  for  his  assistance  in  supervising  the 
execution  of  the  drawings.  The  same  parts  in  the  different  engravings 
are  as  usual  indicated  by  the  same  letters. 

The  refinery  consists  essentially  of  a  rectangular  hearth,  with 
three  water-twyers  on  each  side  inclining  downwards.  The  sides 
and  hack  are  formed  of  hollow  iron-castings,  called  "  water- blocks," 
through  which  water  is  kept  flowing,  the  front  of  a  solid  cast-iron 
plate  containing  a  tap-hole,  and  the  bottom  of  sand  resting  on  a  solid 
platform  of  brickwork.  Coke  is  the  fuel  used  with  cold-blast  at  a 
pressure  of  3  lbs.  per  square  inch. 


Fig.  127.— Refinery,  Bromfuni  Iron-works.  Bimilii*h/iTn.    VYrtWal  ciws-section  through  two  opposite 

twyereon  the  line  E.  K.  <i.  II.  I,  I'm.  12*. 


■  The  process  is  termed  maztaqc  by  the  ceos  of  maz^age  as  worthy  of  adoption  in 

French.    Not  long  ago  a  gentleman  of  England,  not  l>eing  aware  that  it  was 

great  experience  in  the  smelting  and  ma-  identical  with  our  pi 008GB  of  refining, 
nufacturv  of  iron  recommended  the  pro- 
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Figs.  127,  128,  129,  «,  a.  Hollow  sides  of  cast-iron. 

Figs.  127,  128,  129,  b.  Hollow  back  of  cast-iron. 

Fig.  128,  c.  Front,  or  dam  plate  of  cast-iron,  containing  the  tap-hole. 
It  is  also  shown  in  Fig.  129.  It  is  protected  within  by  coke-dust  piled 
up  against  it. 

Figs.  127, 128,  1 29,  d.  Flat  bottom  of  sand,  which  is  continued  beyond 
the  tap-hole  plate,  from  which  it  slopes  downwards. 

Figs.  127,  128,  e.  Plate  of  cast-iron  screwed  on  /,  through  which 
the  twyers  pass. 

Figs.  127,  128,/,/.    Cast-iron  plate. 

Figs.  127,  128,  g,  g.  Water-twyers.  Their  axes,  when  prolonged, 
should  impinge  on  the  bottom,  on  the  line  dividing  it  into  two  equal 
parts. 

Fig.  127,  A,  h.  Blast-pipes. 

Fig.  127,  t,  L  Leather  connecting-pipes  between  the  blast-pipes  and 
the  blast -main. 

Fig.  127,  A,  k.  Throttle-valves  for  regulating  the  blast. 
Figs.  127,  129,  /,  I.  Water-troughs  of  cast-iron  to  receive  the  water 
from  the  twyers. 

Fig.  127,  m,  m.  Tanks  of  cast-iron  for  water  to  supply  the  sides  and 
back  of  the  hearth,  and  the  twyers  with  water. 

Figs.  127,  128,  129,  n,  n,  n.  Long  cast-iron,  or  running  out-bed,  to 
receive  the  molten  metal  from  the  hearth.  It  is  formed  of  a  suc- 
cession of  plates,  joined  as  Bhown  in  Figs.  128,  129.  The  joints  are 
luted  carefully  with  fire-clay  to  prevent  escapo  of  the  molten  metal, 
and  consequent  explosion. 

Fig.  127,  o,  o.  Cast-iron  box,  forming  a  channel,  p,  over  which  the 
running-out-bed  is  supported. 

Figs.  127,  128,  p.  Channel  under  the  running-out-bed,  through  which 
water  is  kept  in  circulation  for  the  purpose  of  refrigeration. 

The  space  immediately  over  the  hearth  is  enclosed  on  each  side  by 
cast-iron  plates,  the  back  with  folding  wrought-iron  doors,  and  the 
front  with  a  wrought-iron  door  suspended  at  the  end  of  a  lever, 
whereby  it  may  bo  raised  or  lowered.  Above  is  a  short  chimney 
supported  on  cast-iron  columns,  as  represented  in  Figs.  127,  128,  129. 
Other  details  of  construction  will  be  clearly  intelligible  without  further 
description. 

The  refinery  being  in  operation,  the  folding-doors  at  the  back  are 
opened  and  coke  is  thrown  in,  the  charge  of  about  1  ton  or  1  ton  2  cwts. 
of  pig-iron  is  placed  upon  it  and  heaped  over  with  coke,  after  which  tho 
blast  is  let  on.  T  he  operation  is  facilitated  by  the  addition  of  30  lbs. 
of  hammer-slag  or  scale.  The  metal,  which  melts  in  about  1  i  hour,  is 
then  exposed  to  the  action  of  the  blast,  which  is  strongly  oxidizing, 
notwithstanding  the  superincumbent  layer  of  incandescent  coke.  A 
considerable  quantity  of  cinder  is  formed,  consisting  for  the  most  part 
of  tribasic  silicate  of  protoxide  of  iron.  In  about  2  hour's  after 
charging  tapping  occurs,  the  blowing  usually  lasting  about  J  hour. 
Tho  consumption  of  coke  is  about  4  cwts.  Cinder  and  tho  molten 
metal  flow  out  together  along   the  running-out-bed  in  front,  the 


Digitized  by  Google 


624  REFINERY  AT  THE  1 1  ROMFORD  IRON-WORKS. 

cinder,  of  course,  forming  the  uppermost  stratum.  This  hed  being 
refrigerated,  as  previously  stated,  the  metal  speedily  consolidates 
Water  is  copiously  thrown  over  the  whole,  while  the  accompanying 
cinder  is  still  liquid,  when  the  latter  puffs  up  into  beautiful  little 
volcano-like  craters;  and  it  is  curious  to  watch  the  molten  cinder  and 
water  dancing,  as  it  were,  together.  After  a  few  minutes  the  top  of  tbe 
dam  at  the  farthest  end  of  the  bed  is  broken,  and  the  greater  part  of 
the  cinder  runs  off  into  other  moulds  beyond. 

The  water,  which  may  be  conveniently  applied  in  a  strong  jet,  pro- 
motes the  separation  of  the  cinder  from  the  metal.  The  cinder  is  thrown 
aside  to  be  either  smelted  or  used  for  certain  other  purposes;  and  the 
metal,  usually  about  3  in.  in  thickness,  is  removed  and  broken  up  in 
pieces  of  the  proper  size  for  puddling.  This  metal  is  white  cast-iron, 
and  is  termed  "refined  iron,"  or  "refined  metal,*'  "fine  metal,"  "finer's 
metal,"  41  plate  metal,"  or  simply  "  metal."  1  havo  found  its  upper 
surface  sometimes  covered  with  firmly  adherent,  small,  vet  very 
distinct  crystals  of  iron  chrysolite,  or  tribasic  silicate  of  protoxide 
of  iron,  (iood  metal  should  be  compact,  and  bright  on  fracture,  pre- 
senting an  almost  silvery  lustre.  Jt  is  generally  more  or  less  cellular, 
or,  as  it  is  termed,  44  honey  combed,"  towards  the  upper  surface;  and 
the  longer  the  blowing  the  greater  the  depth  of  ihe  '*  honey  combing/' 
If  it  oxceeds  1  in.  in  depth  in  a  in.  thickness  of  plate,  the  metal  is 
difficult  to  melt  in  the  puddling  furnace. 

It  is  usual  to  place  little  ridges  of  cinder  at  intervals  across  the 
running-out-bed,  so  that  the  metal,  in  flowing  over  them,  may,  after 
solidification,  retain  on  its  lower  surface  a  series  of  corresponding 
furrows,  or  lines  of  weakness,  along  which  it  may  afterwards  be  easily 
broken. 

A  convenient  apparatus  is  employed  for  raising  and  removing  the 
plates  of  metal  from  the  running-out-bed.  It  has  two  wheels,  and  i*> 
much  like  that  used  for  setting  the  pots  in  the  English  zinc  furnace, 
and  which  is  figured  in  the  First  Part  of  this  work.  Instead  of  the 
clipping  part  for  these  pots,  a  chain  is  suspended  with  a  clip  at  each 
end.  The  clips  are  got  under  the  metal  by  raising  it  with  a  crowbar; 
and  when  this  is  done,  the  long  handle  of  the  apparatus  is  depressed, 
and  the  metal  lifted  up.  But  as  it  cannot  be  conveniently  balanced 
on  a  single  chain,  the  end  towards  the  long  handle  is  caught  by  another 
clip,  and  so  the  whole  is  wheeled  away. 

At  the  Cy  fart  ha  Iron-works  of  Messrs.  (Yawshay,  in  18o!*,  I  ob- 
served refineries  of  two  kinds :  ono  with  two  twj-ers  at  the  back  and 
none  at,  the  sides,  and  the  other  with  two  twvers  on  each  side  and 
nono  at  the  back.  At  the  Hlaina  Iron-works,  the  twyers  were  wort' 
inclined  than  I  have  seen  elsewhere  in  South  Wales.  It  was  in  these 
refineries  that  I  remarked  the  formation  and  projection  of  minute 
spherical  shots  ;  but  I  saw  none  at  those  of  Cyfartha.  The  inclination 
should  be  greater  in  the  ca^e  of  grey  pig-iron. 

In  the  refineries  of  the  Ebbw  Vale  Iron-works,  in  18."»9,  a  charge 
consisted  of  about  33  cwts.  of  pig-iron,  and  the  yield  was  30  cwls.  of 
refined  metal. 
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At  Pentwreh,  according  to  Mr.  Thomas,  of  Merthyr,  the  charge 
in  the  coke  refinery  was  I1  cwts.  of  good  mottled  pig-iron,  and  tho  yield 
of  refined  metal  about  8  cwts. 

•Severe  explosions  have  not  unfrequontly  occurred  in  the  operation 
of  refining.  Thev  have  been  general Iv  produced  by  the  running  of 
the  molten  metal  through  tho  bottom  of  the  running-out  bed  into  the 
water  underneath.  Mr.  Parry  informs  me  that  ho  was  standing  near  a 
refinery  at  tho  Ebbw  Vale  Iron-works,  when  an  explosion  from  this 
cause  took  place,  with  a  report  as  loud  as  that  of  artillery.  The  roof 
of  the  building  was  blown  off.  Mr.  Menelaus  has  apprised  me  that 
within  the  last  few  years  two  men  have  been  killed  by  similar  explo- 
sions at  the  Dowlais  Iron- works.  The  mode  of  joining  the  bottom 
plates  shown  in  fig.  l.'iO  has  been  adopted  successfully,  with  a  view  to 
prevent  explosion  from  the  cause  in  question. 

I  have  not  yet  been  able  clearly 
to  ascertain  the  history  of  the  re- 
fining process,  which,  probably,  was 
gradually  arrived  at.     In   1771a    ^  m   s^,,,  ,llowi^^orjolMn(? 
patent  was  granted  to  John  Cock-  Unuwn  putn 

shutt,  for  "making  malleable  iron 

directly  from  tho  ore  in  a  finery  or  bloomcry,"  and  44  refining  pig-iron 
with  charcoal  into  wrought-iron,"  and  44  a  new  finery  or  bloomery."  1 
The  finery  is  described  as  made  of  metal  plates,  open  on  two  or  more 
sides,  so  that  men  might  work  at  least  on  two  sides.  Instead  of  only 
one  twyor,  there  were  several,  44  so  as  to  direct  tho  wind  from  the 
bellows  to  operate  upon  the  iron  in  every  part  of  the  fire."  The 
number  of  twycrs  was  to  be  regulated  according  to  the  nature  of  the 
iron.  There  is,  obviously,  a  considerable  resemblanee  in  construction 
between  the  44  new  finery"  here  described  and  the  modem  refinery. 

The  merit  of  the  invention  of  this  process  is  ascribed  by  the  late 
Mr.  S.  B.  Rogers,  formerly  of  tho  Nant-y-glo  Iron-works,  to  Mr.  Ilom- 
fray,  of  Tredegar.'  Mr.  Kogers  states,  44  It  was  long  before  I  went 
to  Pontypool  (1808),  because  it  was  generally  adopted  at  that  time. 
This  invention  was  a  modification  of  the  old  charcoal  running-out 
fires,  in  which  the  pigs  were  (a  few  at  a  time)  melted,  run  out,  and 
when  set,  thrown  up  on  the  fire  again  and  reraolted,  two,  three,  and 
occasionally  four  times  over,  according  to  the  quality  of  the  pig-iron. 
This  was,  I  think,  done  at  Beaufort  with  coke,  in  Mr.  Latham's  time." 
(About  1810.) 

Mr.  Parry  remarks  that  the  present  system  of  refining  by  one  melt- 
ing, and  then  blowing  upon  the  molten  metal  for  a  certain  time,  accord- 
ing to  tho  degree  of  decarburization  needed,  is  a  subsequent  invention 
by  some  person  unknown.  The  late  Sir  John  Guest,  of  Dowlais, 
appears  to  have  been  the  first  to  save  tho  remelting  of  the  pig-iron  by 
running  the  metal  direct  from  the  blast- furnace  into  the  refinery. 

The  first  refineries  were  built  of  fire-brick,  but,  owing  to  the  great 


1  Abridgment*  of  the  Specifications  re- 
lating to  the  Manufacture  of  Iron  and 
Steel,  p.  8.  A.D.  1771.  May  2  -No.  1»88. 


2  Communicated  by  Mr.  Rogers  to  Mr. 
Parry,  aud  by  the  latter  to  the  author. 
Ho  died  nrentlv,  above  80  years  <>f  age. 
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wear  and  tear,  brick  was  gradually  superseded  by  the  41  water-block," 
first  at  the  sides,  and  then  at  the  back,  but  never  in  front. 

At  the  Ebbw  Vale  Iron- works  30  or  40  years  anterior  to  1859. 
salted  coke, — prepared  by  steeping  in  brine,  draining,  and  drying,— 
used  in  the  refinery  for  making  bed  cable-iron. 


Composition  of  Refined  Iron. 

A  characteristic  specimen  of  metal  which  I  saw  refined  in  1  Boo*,  at 
the  Bromford  Iron-works,  in  the  refinery  of  which  a  description  has 
been  given,  was  analysed  in  my  laboratory  by  Mr.  A.  Dick,  anil  found 
to  be  comj»osed  as  follows  :•  — 

CarUm   3  07 

Silicon   (Vt>3 

Sulphur    0  IG 

Phosphorus   07:t 

Maiipinwf   tnuv 

• ,         ,  , ,      iSilhu   0*80 

lusKUU'  lllholllMr  It)    .  ,  ...       .....  .  . 

.    .     ...      ..  \  Alumina  with  a  little*  nr^qui-l  nl( 

hydrochloric  and  j    oxi(lt.  of  in>11  ^  J  014 

Iron   95*14 

100- 17 


Its  upper  surface  was  covered  with  small,  distinct,  and  firmly 
adherent  crystals,  in  tho  form  of  iron  chrysolite;  or  olivine.  'IV  pig- 
iron  operated  on  was  grey:  but,  unfortunately,  no  analysis  of  it  was 
made,  and  I  failed  to  procure  any  information  concerning  it.  The 
silica  and  alumina  were,  doubtless,  accidentally  present.  Tho  propor- 
tion of  carbon  is  much  larger  than  I  should  have  expected  ;  but  it  is 
possible  that  the  pig-iron  may  have  been  rich  in  silicon,  and  that  this 
element  may  have  been  chiefly  separated  in  the  process  in  combination 
with  protoxido  of  iron. 

The  following  determinations  were  made  by  Mr.  Tarry  of  the  silicon 
and  sulphur  in  common  white  pig-iron  and  the  refined  metal  obtained 
therefrom :  i>ig-iron.      Refined  metal 

IVr  cent. 

Silicon   1-27  0  14 

Sulphur    0-0:i  0-52 

Tho  refining  was  conducted,  as  usual,  under  coke. 

According  to  Mr.  Parry's  observations,  grey  pig-iron  containing 
3%  of  silicon  and  0*2 7<  of  sulphur  will,  after  having  been  refined, 
contain  about  O-'C  ^  of  silicon  and  0*15°/o  of  sulphur;  and  white  pig- 
iron,  \vhich,  before  refining,  contains  about  0*4 v  of  silicon  and  2* 11 
of  sulphur,  will  afterwards  contain  about  <M%  of  silicon  and  1%  of 
sulphur. 

Composition  of  Refinery  Slaos  or  Cinders. 

They  are  always  black  or  bluish  black,  vitreous,  or  semi-metallic  in 
lustre. 

I.  II.  The  following  analyses  were  made  by  Mr.  E.  Hi  ley  at  Dowlais. 

Both  were  produced  at  Dowlais  froru  white  pig-iron,  intended  for 
the  manufacture  of  cable-bolt  iron.  Tho  chargo  of  ore  in  the  blast- 
furnace consisted  of  :\  parts  by  weight  of  Welsh  mine  (argil laeeous 
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iron-ore),  and  1  of  red  ore  (anhydrous  haematite).  No.  I.  was  porous 
cinder  of  the  ordinary  kind,  and  No.  1 1,  was  crystallized  in  plates. 
Mr.  Riley  states  that  he  always  found  this  kind  of  cinder  produced  in 
refining  siliceous  pig-iron  (t.  e.  containing  from  l£  %  *°  2  %  of  silicon), 
which  the  refiners  term  "strong,  but  difficult"  Hoth  of  these  cinders 
approximate  to  the  formula  IJFeO.SiO3.  III.  This  cinder  was  pro- 
duced at  the  Bromford  Iron-works,  and  was  analysed  (1845)  in  my 
laboratory  by  Mr.  David  Forbes.  It  was  crystallized  in  the  form  of  iron 
chrysolite  or  olivine.  It  is  clearly  to  be  regarded  as  tribasic  silicate 
of  protoxide  of  iron,  containing  a  considerable  amount  of  foreign  matter, 
represented  especially  by  the  alumina,  which  no  doubt  was  chiefly 
derived  from  the  ashes  of  the  coke. 

I.  II.  in. 

Silica    25-77  33  33  22  7G 

Prutoxiclo  of  iron    05 -52  54  94  61*28 

Protoxide  of  manganese    157  2-71  3-58 

Alumina   3b*0  5-75  7  30 

Lirue    0  45  1-19  3-41 

Magw-sia   128  0*50  0  70 

Sulphur    0-23  ..  0-4G 

Snirhideofiron(F,S)  {'-;„•;••;;;;;;     ;;  g!" 

Phosphorus   137  099    not  determined 

Copper   traces 

99-79  99  C8  99*55 


PUDDLING. 

This  process,  as  has  been  previously  remarked,  consists  essentially 
in  stirring  about  pig-iron  molten  on  the  bed  of  a  reverberatory  furnace, 
heated  by  flame,  until  it  becomes  converted  into  malleable  iron, 
through  the  decarburizing  action  of  the  oxygen  of  the  air  circulating 
through  such  a  furnace.  Thus  all  contact  between  the  metal  and  solid 
fuel  is  avoided,  and  the  necessity  of  blowing  machinery  is  dispensed 
with.  This  invention  is  usually  ascribed  to  Henry  Curt,  by  whom 
it  was  patented  in  1784."  The  specification  occupies  about  two  pages, 
and  is  as  follows  : — 

"For  the  preparing,  manufacturing,  and  working  of  iron  from  the 
ore,  as  well  as  from  sow  and  pig  metal,  and  also  from  every  other  sort 
of  cast  iron  (together  with  or  without  scull  and  cinder  iron  and 
wrought-iron  straps),  I  make  use  of  a  reverberatory  or  air  furnace  or 
furnaces  of  dimensions  suited  to  the  quantity  of  work  required  to  bo 
done,  the  bottoms  of  which  are  laid  hollow  or  dished  out,  so  as  to 
contain  the  metal  when  in  a  fluid  state.  My  furnace  for  the  first  part 
of  the  process  being  got  up  to  a  proper  degree  of  heat  by  raw  pit  coals, 
or  other  fuel,  the  fluid  metal  is  conveyed  into  the  air  furnace  by 
means  of  ladles  or  otherwise.  When  this  air  furnace  is  charged  with 
sow  and  pig  metal,  or  any  other  sort  of  east-iron,  the  door  or  doors  of 
the  furnace  should  be  closed  till  the  metal  is  sufficiently  fused,  and 
when  the  workman  discovers  (through  a  hole  which  he  opens  occa- 
sionally) that  the  heat  of  the  furnace  had  made  a  sufficient  impression 

3  Manufacture  of  Iron,  A.D.  1784.    No.  1420. 
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upon  the  metal,  ho  opens  a  small  aperture  or  apertures,  which  I  find  is 
convenient  to  have  provided  in  the  bottom  of  the  doors  (but  which  is  or 
are  closely  shut,  as  well  as  the  doors,  at  the  first  charge  of  the  furnace 
with  cold  cast  metal)  ;  and  then  the  whole  is  worked  and  moved  about 
through  those  apertures  by  means  of  iron  bars  and  other  instruments 
fitly  shaped,  and  that  operation  is  continued  in  buch  manner  as  may 
bo  requisite  during  the  remainder  of  the  process.  After  the  metal 
has  been  some  time  in  a  dissolved  state,  an  ebullition,  effervescence, 
or  such  like  intestine  motion  takes  place,  during  the  continuance  of 
which  a  blueish  flame  or  vapour  is  emitted  ;  and  during  the  remainder 
of  the  process  the  operation  is  continued  (as  occasion  may  require)  of 
inking,  separating,  stirring,  and  spreading  the  whole  about  in  the 
furnace  till  it  loses  its  fusibility,  and  is  flourished  or  brought  into 
nature ;  to  produce  which  effect,  the  operations  subsequent  to  the 
fused  state  are  the  same,  whether  the  fusion  be  made  in  the  air  furnace, 
or  the  metal  be  conveyed  into  it  in  a  fused  state,  as  first  mentioned. 
As  soon  as  the  iron  is  sufficiently  in  nature,  it  is  to  be  collected 
together  in  lumps,  called  loops,  of  sizes  suited  to  the  intended  use*, 
and  so  drawn  out  of  the  door  or  doors  of  tho  furnace,  when  all  the 
small  pieces  that  may  happen  to  remain  are  also  cleared  away.  It  has 
been  found  by  me  to  Ik*  a  good  method  of  using  such  small  pieces  last 
mentioned,  and  also  scull  or  tinder  iron,  first  broken  into  small  pieces; 
and  also  all  sorts  of  parings  of  iron  plate,  or  other  thin  iron,  and  nut 
or  bushel  iron,  commonly  called  wrought  straps,  to  throw  them  into 
the  furnace  in  various  proportions  during  the  operation  of  bringing 
the  fused  metal  into  nature,  and  before  it  is  collected  into  loops,  and 
as  the  whole  charge  of  the  furnace  is  raked  and  stirred  about,  these 
straps  become  lapped  up  in  the  loops  after  the  fused  metal  is  flourished 
and  got  into  nature.  And  the  whole  of  the  above  part  of  my  method 
and  process  of  preparing,  manufacturing,  and  working  of  iron  is  sub- 
stituted, instead  of  the  use  of  that  finerv,  and  is  mv  Invention,  and 
was  never  before  used  or  put  in  practice  by  any  other  person  or 
persons.  The  iron  so  prepared  and  made  may  be  afterwards  stamped 
into  plates,  and  piled  or  broke  and  worked  in  an  air  furnace,  either 
by  means  of  pots,  or  by  piling  such  pcices  in  any  of  the  methods  ever 
used  in  the  manufactory  of  iron  from  coke  fineries  without  i>ots;  but 
the  method  and  process  invented  and  brought  to  perfection  by  me,  is 
to  continuo  the  loops  in  the  same  furnace,  or  to  put  them  into  another 
air  furnace  or  furnaces,  and  to  heat  them  to  a  white  or  welding  heat, 
and  then  to  shingle  them  under  a  forge-hammer,  or  by  other  machinery, 
into  half  blooms,  slabe,  or  other  forms,  and  these  may  l>e  heated  in 
the  chafl'ery  according  to  the  old  practice;  but  my  now  Invention  is 
to  put  them  again  into  tho  same  or  another  air  furnace  or  other 
furnaces,  from  whom  I  take  the  half  blooms,  and  draw  them  under  the 
forge-hammer,  or  otherwise,  as  last  aforesaid,  into  anthonies,  barrs, 
half  flatts,  small  squared  tilted  rods  for  wire,  or  such  uses  as  may  be 
required  ;  and  the  slabe  having  been  shingled  in  the  foregoing  part  of 
the  process  to  tho  sizes  of  the  grooves  in  my  rollers,  through  which 
they  are  intended  to  be  passed,  arc  worked  by  me  through  the  grooved 
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rollers,  in  the  manner  whieh  I  use  bar  or  wrougbt-iron  fagot  ted  and 
heated  to  a  welding  heat  for  that  purpose.  Which  manner  of  working 
any  sort  of  iron  in  a  white  or  welding  heat  through  grooved  rollers, 
is  entirely  my  own  Invention.  Iron  and  also  steel  so  prepared,  made, 
wrought,  and  manufactured,  by  such  effectual  application  of  fire  and 
machinery,  will  be  discharged  of  the  impurities  and  foreign  matter 
which  adheres  to  them  when  manufactured  in  the  methods  commonly 
practiced.  The  steel  is  of  an  excellent  quality,  and  the  iron  will  bo 
found  to  be  good  tough  iron  in  barrs  and  uses,  whether  large  or  small, 
and  in  all  sorts  of  merchant  iron,  whether  it  be  made  from  mettal  of  a 
red  short  or  cold  short  nature  :  and  blistered  steel,  whether  made  from 
iron  prepared  according  to  the  above  process,  or  from  any  other  iron 
when  faggoted  together,  heated  to  a  white  or  welding  heat,  rolled  in 
that  heat  through  grooved  rollers,  according  to  the  method  invented 
by  me,  and  slit  through  the  common  cutters,  is  equal  to  steel  manu- 
factured by  forge  and  tilt  hammers.  The  whole  of  which  discovery 
and  attainment  are  produced  by  a  more  effectual  application  of  fire 
and  machinery,  as  described  by  me,  than  was  before  known  of  or  used 
by  others,  and  are  entirely  new  and  contrary  to  all  received  opinions 
amongst  persons  conversant  in  the  manufactory  of  iron  ;  and  the  whole 
of  my  method  may  be  compleated  without  the  necessity  of  using 
finerj-,  charcoal,  cokes,  chaffery,  or  hollow  fire,  and  without  requireing 
any  blast  by  bellows  or  cillinders,  or  otherwise,  or  the  use  of  fluxes 
in  any  part  of  the  process.  The  whole  operation  to  bo  performed  with 
one  or  more  furnaces,  according  to  the  quantities  or  dispatch  required." 

In  1783,  the  year  preceding,  Cort  obtained  a  patent  for  the  so-called 
grooved  rolls,  now  known  as  11  puddle  rolls,"  by  which  the  bloom 
resulting  from  a  preliminary  forging  of  the  ball  might  be  drawn  out 
into  bars,  instead  of  being  extended,  as  heretofore,  under  tho  hammer.4 

The  story  of  Cort's  invention  is  a  sad  one,  and  has  excited  much 
commiseration.  He  died  in  poverty,  though  he  laid  tho  foundation 
of  the  riches  of  many  an  ironmaster,  and  has  largely  contributed  to 
the  development  of  the  resources  and  wealth  of  Great  Britain.  The 
transactions  which  led  to  his  ruin  may  be  told  in  few  words.4  Coil 


4  Preparing,  Welding,  and  Working 
Iron.  A.D.  1783.    No.  1351. 

4  The  son  of  Cort,  Mr.  Iiiehard  C<»rt  who 
■still  survives,and  is  now  at  Jin  advaneid  age, 
lias  collect**!  and  published  the  materials, 
which  contain  all  needful  information  con- 
cerning these  transactions.  A  compendious 
account  will  be  found  in  the  "Statement 
of  tin-  Claims  of  the  Surviving  Meml>er8  of 
the  Family  of  tho  Into,  Henry  Cort  for 
National  Compensation,''  put  forth  a  few 
vi-urs  ago  by  a  committee  formed  with  a 
view  of  submitting  those  claims  to  Parlia- 
ment and  to  the  attention  of  the  public  at 
large.  It  is  signed  by  Janus  Booth, 
LL.D ,  F.R.S.,  Chairman  of  the  Cort  Com- 
mittee. I  have  chiefly  derived  my  in- 
formation on  the  subject  from  this  rej>ort ; 
hut  I  liave  a! mi  perused  various  other 


documents  communicated  to  mo  by  Corts 
son.  It  is  to  be  regretted  that  some 
of  the  advocates  of  Cort,  in  excess  of 
zeal,  should  have  acted  injudiciously  and 
cxi>osod  themselves  to  the  charge  of  ex- 
aggeration. One  gentleman  some  time 
ago  warmly  csjK.usod  Mr.  Kichard  Cort's 
claims,  and  published  several  letters  in 
the  papers  on  the  subject.  He  advocated 
a  parliamentary  grant  of  several  thousand 
pounds;  but  he  was  not  so  disinterested 
as  might  have  been  suppose*!.  I  have 
seen  a  letter  from  him  citing  an  agreement 
to  the  effect  that,  in  the  event  of  the  grant 
King  obtained,  ho  should  receive  a  very 
large  share  of  it.  I  have  a  copy  of  this 
letter  in  my  possession,  tho  correctness  of 
which  is  duly  attested. 
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entered  into  large  contracts  to  supply  rolled  iron  to  the  Navy,  and 
expended  the  whole  of  his  private  fortune— exceeding,  it  is  reported, 
20,000/. — in  bringing  his  process  to  a  successful  issue.  He  was, 
accordingly,  obliged  to  seek  additional  capital,  and  with  that  object  he 
entered  into  an  agreement  with  Mr.  Adam  Jellicoe,  Deputy  Paymaster 
of  the  Navy,  the  conditions  being  that  the  latter  should  advance 
27,000/.,  on  the  security  of  an  assignment  of  the  patent-rights,  that  be 
should  receive  half  the  profits  which  might  accrue  from  the  manu- 
facture, and  that  his  son,  Mr.  Samuel  Jellicoe,  a  clerk  in  the  Navy 
Pay  Office,  should,  as  his  father's  representative,  enter  into  partnership 
with  <\jrt.  This  partnership  was  perfectly  known  to,  and  sanctioned 
by,  tho  heads  of  the  Navy  Board,  as  may  be  inferred  from  the  fact 
that  the  Hoard  not  only  entered  into  large  contracts  with  the  firm  of 
Cort  and  Jellicoe,  but  publicly  advertised  (April  16th,  1781*)  that  "no 
tenders  for  this  iron  will  bo  regarded,  but  from  persons  who  prove 
that  they  make  it  agreeable  (sic)  to  Messrs.  Cort  and  Jeilicoe's  patent/' 
Such  an  announcement  from  a  Government  department  may  now-a-days 
excite  surprise  and  disgust :  but  it  was  in  entire  accord  with  the 
corruption  which  then  prevailed  in  the  administration  of  the  public 
service.  Lot  us  hope  that  in  the  present  day,  at  least,  we  are  secure 
against  indirect  bribing  of  official  undorlings.  Tho  heads  of  boards 
must  necessarily  in  a  great  degree  rely  upon  the  reports  of  their  sub- 
ordinates as  to  the  quality  of  metals  or  other  articles  which  may  be 
supplied ;  and  it  is  easy  to  conceive  that  the  framers  of  such  reports 
may  be  unconsciouslv  influenced  by  the  civilities  of  one  kind  or  other 
which  they  may  receive  from  contractor. 

Mr.  Jellicoo,  senior,  died  suddenly  in  1789,  when  it  was  discovered 
that  the  capital  which  ho  had  advanced  to  Cort  had  been  withdrawn 
from  the  cash  balances  lying  in  his  hands,  and  that  he  was  indebted 
to  the  Government  to  a  still  larger  amount.  Two  Government 
44  extents"  were  forthwith  issued  from  the  Navy  Board :  one  against 
the  property,  works,  and  trade  effects  of  the  firm  of  Cort  and  Jellicoe, 
at  Fontley  and  (iosport;  and  the  other  against  the  private  estate  of 
Mr.  Jellicoe,  deceased,  including  among  his  effects  the  patent -rights 
of  Cort  According  to  the  valuation  of  the  sheriff's  jury,  the  former 
alone  wero  worth  nearly  17,000/.,  and  it  is  alleged  that  the  sale  of  the 
property,  even  at  a  loss,  would  have  so  far  reduced  the  debt  that  the 
remainder  would  have  been  speedily  liquidated  by  the  temporary 
sequestration  of  the  patent-rights." 

But  this,  tho  obviously  just  course,  was  not  adopted.  Instead  of 
disposing  of  tho  Hampshire  works,  and  applying  tho  proceeds  to  the 
liquidation  of  tho  debt  duo  by  tho  firm,  Mr.  Sai/itiu)  Jellicoe  was  put 
in  possession  of  this  property,  whilst  tho  patent-fights  of  Cort  were 
treated  as  valueless— being  only  estimated  at  100/. — and  were  abso- 
lutely confiscated.  Yet  it  is  assorted  to  have  been  subsequently  proved 
that  the  collection  of  the  royalties  from  licensees  under  the  patent 


6  I  have  hen,  an  well  as  .subsequently, 
iu  great  measure,  employed  the  fmissimn 
rerlxi  of  the  "Statement,-  to  which  I  have 


alluded  as  the  chief  source  of  my  informa- 
tion. 
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would  have  paid  the  deceased  Mr.  Jellicoe's  debt,  principal,  and 
interest  at  least  six  times  over.  It  is  further  maintained  that,  by  this 
arbitrary  procedure,  property  to  the  amount  of  250,000/.  was  either 
absolutely  annihilated,  or  disposed  of  in  a  manner  to  which  there  is 
now  no  clue.  The  result  was  the  complete  and  irretrievable  ruin  of 
poor  Cort. 

On  the  17th  of  May,  1790,  Tort  urged  on  the  notice  of  the  Paymaster 
of  the  Navy,  Mr.  Alexander  Trotter,  the  fact  of  the  increasing  make 
of  puddled  and  rolled  iron,  and  14  offered  his  personal  services  to  pro- 
cure such  necessary  information  as  to  render  the  patents  productive." 
(There  were  two  :  one,  to  be  hereafter  described,  for  the  use  of  grooved 
rolls  in  drawing  out  the  puddled  balls  into  bars,  and  the  other  for  the 
process  of  puddling.)  To  this  offer  Mr.  Trotter  did  not  condescend  to 
reply.  To  a  subsequent  application  of  the  same  kind  from  Mr.  Cort 
to  the  Commissioners  of  the  Navy,  July  14th,  1791,  when  there  was 
reason  to  believe  that  the  annual  make  of  puddled  and  rolled  iron  had 
reached  50,000  tons,  the  following  reply  was  vouchsafed : — M  Your 
invention  appears  of  that  utility  as  to  induce  them  (the  Commis- 
sioners) to  give  encouragement  to  the  manufacture  of  British  iron 
according  to  the  methods  that  have  been  practised  by  you." 

Although  somewhat  irrelevant,  yet  1  cannot  forbear  to  insert  the 
following  startling  passages  from  the  statement  signed  by  Dr.  Booth  : 
"To  the  treatment  of  Henry  Cort  by  tho  Naval  Administration,  that 
of  the  Treasurer  of  the  Navy,  Lord  Melville,  by  the  heads  of  the 
Government,  affords  a  striking  contrast.  In  tho  year  1800,  a  few  days 
after  Henry  Cort's  death,  when  lie  could  no  longer  claim  any  share  of 
remuneration,  and  his  infant  children  were  incapable  of  asserting  their 
rights,  Lord  Melville  presented  a  memorial  to  the  Lords  of  the 
Treasury,  setting  forth  the  great  merit  and  uncontested  value  of  Henry  Cort's 
inventions,  and  petitioning  on  that  account  a  release  to  /iimx*lf  of  nearly 
25,000/.  (being  the  amount  for  which  he  stated  himself  to  be  then 
responsible  on  account  of  .Jellicoe's  defalcation),  towards  the  discharge 
of  his  own  defaults  as  Treasurer  (at  that  time  exceeding  190,000/.), 
which  grant,  as  Mr.  Pitt  admitted  on  Lord  Melville's  impeachment, 
was  forthwith  made  to  the  petitioner,  without  hesitation  or  inquiry, 
by  writ  of  Privy  Seal,  dated  27th  of  May,  1800." 

"When  in  180:3  Parliament  had  appointed  a  Commission  of  Naval 
Inquiry  to  examine  the  irregularities  of  the  Treasurer,  Lord  Melville, 
and  his  Paymaster,  Alexander  Trotter,  they  mutually  agreed,  a  few 
weeks  before  the  sitting  of  the  <  'ommission  (by  a  joint  release 
exhibited  on  the  subsequent  impeachment  of  Lord  Melville),  to  burn, 
and  accordingly  did  burn,  their  accounts  for  1:>4,000,000/.  of  public 
money  which  had  passed  through  their  hands.  The  evidence  of  Henry 
Cort's  wrongs  was  destroyed  with  the  rest,  and  the  parties  implicated 
refused,  before  both  Houses  of  Parliament,  to  answer  any  questions 
tending  to  criminate  themselves." 

In  1794  the  Lords  of  the  Treasury  granted  Cort  an  annual  pension 
of  200/..  which  by  deductions  was  reduced  to  about  160/.  On  his 
death,  in  1800,  his  widow  memorialised  the  (iovei  nment  for  assistance. 
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on  the  ground  that  by  the  death  of  her  husband  she  was  deprived  of 
the  only  moans  of  support  for  herself  and  ten  children.  Sir  Benjamin 
Hammond,  then  Comptroller  of  the  Navy,  reported  thereon  as  follows, 
November  20th,  1801  :— "  That  it  was  a  Cur  recital  of  facts,  and  that 
it  was  owing  to  the  persevering  industry  of  the  patentee  that  the  use 
of  the  puddling  furnace,  and  his  discovery  of  grooved  rollers  for  the 
manufacture  of  bar- iron,  were  brought  to  light ;  and  that  in  his  opinion 
the  said  Elizabeth  Cort  and  her  family  were  real  objects  of  national 
relief:"  whereupon  she  received  an  annual  pension  of  125/.,  reduced 
by  deductions  to  less  than  100/. 

At  a  general  meeting  of  ironmasters,  held  at  Gloucester  in  1811,  the 
subject  of  Oort'fl  claims  was  considered,  aud  a  subscription  was  com- 
menced, which  finally  amounted  to  the  large  sum  (for  wealthy  iron- 
masters, who  had  so  greatly  profited  by  Cort's  invention)  of  87 R  10.*. 

In  February,  1812,  Cort's  eldest  surviving  son  petitioned  the  House 
of  Commons  for  an  additional  reward  on  the  ground  of  the  national 
importance  of  his  father's  inventions.  A  Committee  was  appointed, 
which  included  threo  members  of  an  administration  consisting  of  the 
political  successors  of  that  under  which  Cort  had  been  ruined,  viz.. 
Sir  Thomas  B,  Thompson,  Comptroller  of  the  Navy,  John  Wharton, 
Secretary  to  the  Treasurv,  and  J.  \V.  Croker,  Secretary  to  the  Adrai- 
ralty,  besides  two  admirals:  and  the  then  First  Lord  of  the  Admiralty 
was  the  son  of  Lord  Melville  previously  referred  to.  The  Committee 
reported  to  the  effect  that  Cort  was  only  one  out  of  several  individuals  to 
whose  inventions  the  vast  extension  of  tho  British  iron  trade  during 
the  preceding  thirty  years  was  attributable,  and  that  his  merits  had 
been  sufficiently  acknowledged  by  the  pensions  conferred  on  himself 
and  his  widow,  adding,  however,  a  recommendation  to  the  Ilonse  to 
grant  44  such  a  moderate  sum  as  may  cover  the  expenses  necessarily 
incurred  during  tho  investigation."  Tho  House  came  to  no  decision 
on  tho  Report  of  the  Committee,  and  the  impoverished  family  were 
obliged  to  pay  their  expenses,  amounting  to  about  250/.,  as  they  best 
could. 

On  tho  death  of  Mrs.  Cort,  in  1K16,  an  annual  pension  of  25/., 
reduced  by  deductions  to  less  than  20/.,  was  conferred  on  each  of  two 
surviving  unmarried  daughters.  In  1850  Lord  Palmerston  assigned 
out  of  the  Civil  List  an  annual  pension  of  50/.  to  Cort's  only  surviving 
son,  whose  claims  on  the  bounty  of  the  nation  had  been  represented  to 
his  Lordship  by  the  author  of  this  work  amongst  others. 

Now  comes  the  shabbiest  part  of  this  melancholy  story,  which  I 
would  gladly  have  passed  over  in  silence.  In  1787  Mr.  Richard 
Crawshav  and  his  partner,  Mr.  .lames  Cockshutt,  visited  Cort's  works, 
and  there  witnessed  for  the  first  time  tho  new  methods  of  puddling 
and  rolling.7  Mr.  Crawshav,  being  convinced  of  the  value  of  these 
processes,  determined  to  adopt  them  at  Cy  fart  ha,  and  agreed  to  pay 
Cort  ten  shillings  per  ton  on  all  bar-iron  which  he  should  thereby 


7  Fact*  Mi.-l  Pnx.fH  collect., 1  l.y  R.  Cort.  London  :  Printed  hv  Thoma*  Urcttell, 
Rupert  Stn*  t,  lluymaikol,  1855,  p.  s. 
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manufacture.  Documentary  evidence  will  presently  be  cited  in  proof 
of  this  statement.  Mr.  Richard  Crawshay,  in  a  letter  to  Mr.  J.  Weale, 
secretary  to  Lord  Sheffield,  dated  March  14th,  1808,  stated  that  he 
took  the  plans  of  puddling  and  rolling  iron  from  "a  Mr.  Cort,  who 
had  a  little  mill  at  Fontley."  8 

The  only  witnesses  against  the  petition  to  the  House  of  Commons 
in  February,  1812,  were  Mr.  Samuel  Homfray,  the  reputed  inventor 
of  the  modern  coke  refinery,  and  Mr.  AVilliam  Crawshay,  who  assured 
the  Committee  that  44  his  family  would  have  been  ruined  had  they 
followed  Mr.  Cort's  plans  for  rolling  and  puddling."  Let  the  reader 
mark  and  remember  this  declaration. 

The  evidence  of  Mr.  Homfray  before  the  Committee  deserves  to  be 
more  publicly  known  and  permanently  recorded,  and  here  it  is  :  * — 

Samuel  Homfray,  Esq.,  examined. 
Uth  February,  1812. 

44  The  first  I  ever  saw  or  heard  of  Mr.  Cort  was  about  25  years  ago. 
1.  Was  puddling,  or  any  process  very  similar  to  it,  in  use  before 
Mr.  Cort  communicated  his  alleged  invention? — Yes,  under  the  name 
of  4  buzzing,' 1  at  Colebrook  Dale  and  Yrerton.  I  never  heard  who 
invented  it.  2.  Is  there  no  part  of  Mr.  Cort's  invention  considered  by 
you  as  really  his? — Not  any,  except  by  varying  the  size  and  shape 
of  the  furnace.  3.  To  what  do  you  attribute  the  present  improved 
quality  of  British  iron  ? — To  making  finer's  metal.  4.  Is  not  finer's 
metal  subsequently  submitted  to  the  puddling  process? — Yes,  exactly 
the  same  as  Mr.  Coil  did  by  the  pig.  o.  Are  the  processes  called 
buzzing  and  puddling  essentially  the  same? — Yes.  6.  Was  buzzing 
practised  before  the  date  of  Mr.  Cort's  patent  in  the  year  178.5? — It 
must  have  been  about  that  time.  I  know  nothing  of  it  earlier. 
7.  What  do  you  know  of  the  use  of  fluted  rollers? — The  first  I  ever 
knew  were  used  by  Mr.  Butler,  of  Ifochester  [?  Kogerstonc],  near  New- 
port, who  claimed  the  invention  of  grooved  rollers.  8.  Was  this  prior 
to  Mr.  Cort's  patent  in  1784  ?* — Yes,  in  the  year  1782.  [17M  February, 
1812.]  0.  Is  the  plan  detailed  in  Mr.  Cort's  petition  followed  by  any 
manufactory  ? — Not  one  to  my  knowledge.  10.  Is  not  the  process  to 
which  finer's  metal  is  subjected  the  samo  as  that  described  by  Mr.  Coil 
as  practised  on  pig-iron  ? — No,  it  is  not  the  same  process.  11.  Describe 
the  process  to  which  finer's  metal  is  subjected.  [Ansmr  not  given.] 
12.  You  have  mentioned  somo  practices  by  which  the  quality  of  iron 
has  been  recently  deteriorated;  you  will  please  to  describe  them? — 
By  the  workmen  putting  in  unrefined  pig  or  scrap  iron.  13.  Who 
was  the  person  that  introduced  the  buzzing  process?— The  first  I 


12. 


5  Op.  cit  p. 
•  lWit 

1  I  have  applied  tn  Mr.  Darby  fnr  in- 
formation concerning  "  buzzing,  and  his 
answer  is,  that  he  thinks  it  is  what  is 
ttmciimes  called  "  bustling,"  the  term 
applied,  for  example,  at  Fontypool,  to  the 


process  of  working  scrap-iron  in  the  char- 
coal hearth.     September,  18o'3.) 

2  The  dates  of  the  patents  for  grooved 
rolls  and  puddling  are  confounded,  that 
of  the  former  being  1783,  and  that  of  the 
latter  1784. 
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heard  of  was  done  by  the  Colebrook  Dale  Company  and  Mr.  Wheeler 
at  Yerton.  14.  In  the  puddling  furnace  heated  by  raw  pit-coal  abso- 
lutely required  to  produce  iron  of  the  present  improved  quality  from 
finer*  metal? — Yes,  it  is.  K».  What  variation  was  there  in  the  size 
and  shape  of  the  furnace  used  in  the  buzzing  process  from  that  used 
by  the  late  Mr.  Cort  in  the  puddling  process?— Very  little  difference, 
except  being  something  smaller.  16.  Did  you  ever  see  a  welding 
furnace  charged  with  1  blooms '  from  the  coke  fineries  and  rolled  into 
Kirs  tit  for  merchant  service  previous  to  the  years  J  783  to  1784?— 
I  have  seen  iron  put  into  a  furnace  and  come  out  with  a  welding  heat 
long  before  I  heard  of  Mr.  Cort,  and  rolled  into  plates,  tut  mt  into 
bar*"    [  Witness  tcithdrw.} 

That  the  Mr.  Butler  above  alluded  to  obtained  his  knowledge  of 
making  and  using  grooved  rolls  from  a  Welsh  workman  who  had  been 
employed  by  Cort  at  Font  ley,  is  established  by  a  letter  of  that  work- 
man, in  which  he  admitted  the  fact  that  on  returning  to  Wales,  he  had. 
at  the  request  of  Mr.  Ihitler,  communicated  to  him  all  the  particulars* 

In  an  interesting  Utter  of  Mr.  Coekshntt,  partner  of  Mr.  Kichard 
Cntwshay,  the  merit  of  the  inventions,  both  of  grooved  rolls  and  pad- 
dling, is  freely  accorded  to  Cort.  It  is  excessively  damaging  to  the 
memory  of  Homfray,  and  is  so  important  in  its  bearing  on  the  question 
under  consideration,  that  I  present  it  in  extent®: — 

WorUey  Irt.u-wurks,  April  17.  1812. 

"  Dkau  Siu,  1  had  heard,  1  believe,  not  less  than  two  or  three  years 
before  I  felt  it  needful  to  pay  any  particular  attention  to  the  subject,  of 
the  great  advantages,  and  the  great  improvements  obtained  by  your 
father's  practice  of  rolling  iron,  in  preference  to  the  long  continued 
and  established  method  of  forming  bars  by  the  use  of  forge  hammers. 
But  when  Mr.  Cra wshav  (then  my  partner)  determined  that  a  trial 
should  l>o  made  of  your  father's  method  of  making  iron  on  the  puddling 
system,  1  accompanied  him  to  Fontley,  when  I  first  saw  the  practice 
of  forming  bars  from  blooms  by  the  use  of  grooved  rolls,  and  this,  by  a 
reference  to  my  remarks  made  at  the  time  (and  now  before  me),  was 
in  the  month  of  June,  17S7,  with  which  1  was  greatly  pleased,  and  that 
operation  was  also  determined  to  be  made  a  part  of  our  trial  at  <  yfartha. 
Shortly  after  my  return  1  began  to  prepare  plans  and  drawings  for  a 
more  powerful  mill  for  that  purpose,  with  such  improvements  as  oc- 
curred to  me  ;  and  accordingly  a  mill  was  constructed  on  a  plan  which 
perhaps  has  not  been  much  improved  since  that  time,  but,  I  believe, 
much  imitated. 

"  I  have  always  considered  and  believed  that  the  merit  of  rolling 
bars  from  blooms  was  due  to  your  father,  as  well  as  that  of  making 
iron  by  tho  puddling  process,  both  of  which  Mr.  Homfray  (who  kept 
an  attentive  eye  over  our  process)  was  glad  (with  my  permission)  to 
copy,  not  only  in  the  construction  of  his  furnaces  after  the  patterns  of 
those  erect  ml  by  your  fathers  workmen,  by  whom  Mr.  Homfray 


3  Op.  cit  p.  14. 
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first  instructed  when  lie  took  up  the  process,  and  who  also  borrowed 
the  very  patterns  made  use  of  by  rue  in  the  construction  of  the  mill  at 
Oyfartha.  I  must  add,  if  Mr.  Crawshay  had  not  been  convinced  him- 
self of  your  father's  just  claims,  he  would  not  have  consented  to  pay 
ten  shillings  per  ton  for  patent  right. 

(Signed)  44  James  ( 'ockshutt." 

The  letter  was  addressed  to  Mr.  Coningsby  Cort. 

In  another  letter  Mr.  Cockshutt  contradicts  the  assertion  of  Mr. 
Ilomfray,  that  without  the  refinery  the  process  of  puddling  could  not 
be  successfully  practised :  he  states  44  that  it  appeal's  to  me,  without 
the  use  of  the  puddling  furnace,  the  discovery  (if  it  may  be  deemed  a 
discovery)  of  making  run-out-metal  would  bo  of  little  or  no  advantage." 

Further  documentary  evidence  of  a  decisive  character  is  also  given 
in  the  4  Facts  and  Proofs,'  but  sufficient  has  now  been  introduced  to 
prove  that  Cort  first  systematically  conducted  the  processes  of  puddling 
and  of  drawing  out  the  puddled  balls  through  grooved  rolls. 

With  respect  to  the  invention  of  grooved  rolls,  it  has  been  main- 
tained that  Cort's  claim  is  invalidated  by  the  old  patent  granted  to 
John  Payne  in  1728,  to  which  I  have  previously  alluded  when  treating 
of  the  utilizat  ion  of  blast-furnace  cinder.4  The  following  extract  from 
the  specification  contains  what  relates  to  grooved  rolls : — The  improve- 
ments in  the  manufacture  of  iron  consist  44  in  putting  certain  ingre- 
dients into  fusion  with  pig  or  sow  iron ;  videlicet,  the  ashes  of  wood 
and  other  vegetables,  all  kinds  of  glass  and  sandevcr,  common  salt  and 
rock  salt,  argile,  kelp,  and  pot  ash,  slegg  or  cinders  from  iron  furnaces 
and  forges,  proportionable  parts  of  the  said  ingredients  being  put  into 
fusion  or  melted  with  pig,  sow,  or  other  brittle  iron,  which  will  make 
the  like  change  as  charcoal  does  in  the  fire  called  the  finery  in  common 
forges,  and  will  render  the  same  into  a  state  of  malleability,  as  to  bear 
the  stroke  of  the  hammer,  to  draw  it  into  barrs  or  other  forms  att  the 
pleasure  of  the  workman,  and  thoso  or  other  barrs  being  treated  in  the 
said  melted  ingredients  in  a  long  hott  arch  or  cavern,  as  hereafter  is 
described ;  and  those  or  other  oars  aro  to  pass  between  two  largo 
niettall  rowlers  (which  have  proper  notches  or  furrows  upon  their 
aurfas*),  by  the  force  of  my  engine  hereafter  described  or  other  power, 
into  such  shapes  and  forms  as  shall  be  required."  The  engine  con- 
sisted of  a  large  vane  wheel  hung  in  a  framo  in  the  side  of  a  building, 
the  pressure  of  the  in-current  of  air  being  directed  upon  the  extremi- 
ties of  the  vanes. 

That  something  very  like  grooved  rolls  is  here  described  cannot  be 
denied;  but  there  is  not,  so  far  as  I  am  aware,  the  slightest  evidence 
to  show  that  Payne  ever  attempted  to  carry  out  his  scheme  into  prac- 
tice.   Indeed  the  proposal  to  work  the  notched  rolls  by  such  a  wheel 


4  A.D.  1728,  November  21.  No.  505.  Improved  furnaces  and  boilers  for  apply- 
It  was  for  "Machinery  for  obtaining  tag  heat.  Improvement  in  the  naanu- 
tnotive  power  by  atmospheric  pressure  facture  of  iron  and  salt."  Abridgments, 
^ting  upon  vanes  used  for  ventilation,   etc..  nnte  cit.  p.  4. 
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a*  is  specified,  pretty  clearly  shows  that  Payne  was  not  aware  of  the 
power  needed  to  drive  any  machinery  equivalent  to  puddle  rolls. 

With  respect  to  Colt's  claim  as  the  inventor  of  puddling,  it  has  been 
urged  that  it  cannot  be  maintained  in  face  of  a  patent  granted  in  1766 
to  Thomas  and  George  Cranage.*  In  their  specification  this  somewhat 
startling  passage  occurs  : — 4*  The  pig-iron  is  put  into  a  reverberator)* 
or  air  furnace,  built  of  proper  construction,  and,  without  the  addition 
of  anything  more  than  common  raw  pit-coal,  is  converted  into  good 
malleable  iron,  and  being  taken  redhot  from  the  reverberator}-  furnace 
to  the  forge  hammer,  is  drawn  into  bars  of  various  shapes  and  sizes, 
according  to  the  will  of  the  workman." 

This  is  without  doubt  the  essence  of  the  invention  of  puddling,  viz. 
the  application  of  heat  by  means  of  flame  to  pig-iron  on  the  bed  of  a 
reverberator}*  furnace.  But  the  question  arises,  did  Messrs.  Cranage 
ever  attempt  to  carry  into  practice  the  plan  described  in  their  specifi- 
cation? If  they  did  not,  they  are  entitled  only  to  the  credit  of  a 
notion,  and  not  to  that  of  an  invention,  properly  so  called.  Thousands 
of  persons  may  entertain,  and  even  record,  their  notions  concerning  sup- 
posed improvements  in  the  arts,  yet  may  not  proceed  one  step  further. 
The  merit  of  invention  attaches  not  to  such  persons,  but  to  the  indi- 
vidual who  actually  rf*'*  that  which  may  have  been  perhaps  only 
vaguely  imagined  by  others.  The  Messrs.  Cranage  were  skilful  work- 
men at  the  Colebrookdalo  Iron-works;  and  that  they  did  actually 
practise  the  process  of  puddling  with  success  will  appear  from  the 
following  statement  of  Mr.  IJichard  Reynolds,  son-in-law  of  Mr. 
Abraham  Darby.  Mr. Reynolds  at  that  time  managed  the  works;  and, 
on  being  applied  to  by  Mr.  Cort,  with  reference  to  the  introduction 
of  his  patent  at  Colobrookdale,  ho  replied,  **  If  thou  wilt  come  with 
mi-  to  the  works,  I  will  soon  show  thee  the  thing  done."  They  went, 
ami  Mr.  Reynolds  called  a  skilful  workman,  named  Thomas  Cranage. 
"Tom,"  he  said,  "  make  a  ball  out  of  the  furnace  for  this  gentleman.'* 
Cranage  put  in  some  white  iron — cold-blast  mine  iron— and  soon 
brought  out  a  ball  of  puddled  iron.  Mr.  Adams  of  Ebbw  Vale,  to 
whom  I  owe  the  information,  says  that  he  has  heard  this  anecdote 
related  more  than  once  by  the  late  Joseph  Reynolds,  son  of  Kichard 
Reynolds.  Mr.  Adams  further  states,  "the  belief  amongst  our  old 
people  was  that  Cort  was  not  th-e  inventor  of  puddling — at  all  events, 
lie  had  not  a  prior  claim  to  the  discovery."  This  is  strong  evidence 
against  Cort's  claim  to  priority  in  the  invention  of  puddling;  hut,  it 
may  reasonably  l>o  asked,  why  was  not  this  invention  actively  earriid 
out  at  Colobrookdale  —  as  it  does  not  appear  to  have  been?  Either 
there  must  have  been  some  difficulty,  or  its  importance  was  nut 
properly  appreciated.  One  or  both  of  these  causes  may  have  operated. 
Now,  Cort  unquestionably  did  succeed,  and  rightly  apprehended  the 
great  value  of  puddling;  and,  on  these  grounds,  he  is,  I  submit, 
entitled  to  merit  as  great,  if  not  greater  than  that  of  his  predecessor. 


4  AD  lTitt,  Juno  17.  No.  Sol.  Mak-  I  or  i»ir  funiucp  with  row  pit  coal  only, 
nitf  piy-irou  muil.  uMr  in  u  revrrUrotory  |  Al>ri«ljn«»'iit*,  etc.,  ante  at.  p.  S. 
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But  there  is  another  patent,  just  antevior  to  Cort's  for  puddling;, 
which  deserves  careful  consideration.  I  allude  to  that  granted  to 
Peter  Onions,  May  7,  178.V  It  is  a  highly  interesting  patent  in  other 
respects,  and  is  illustrated  with  drawings  which  leave  no  doubt  as  to 
the  nature  of  the  invention.  I  give  the  following  extract  from  the 
specification,  with  copies  of  the  illustrative  engravings  : — 

M  There  are  two  furnaces  used  in  this  operation  or  invention,  to  wit, 
a  common  furnace,  in  which  the  iron  ore  or  metal  is  put,  and  there 
smelted  or  melted,  and  another  furnace  which  is  made  of  stone  and 
brick  and  other  materials,  as  usual,  and  fit  to  resist  the  force  of  fire, 
and  bound  with  iron  work  and  well  annealed,  and  described  in  the 
Plan  or  Drawing  thereof  hereto  annexed,  marked  with  the  letter  A, 
and  into  which  the  fluid  iron  or  metal  is  received  from  the  common 
furnace  or  smelting  blast  in  its  hot  liquid  state,  and  when  so  received 
is  worked  or  refined  as  follows  : — A  quantity  or  stream  of  cold  water 
must  then  run  or  be  put  into  the  cistern  or  trough  under  the  ash  grate 
of  the  refining  furnace,  and  the  doors  thereof  closed  and  luted  with 
sand  or  lome,  and  the  fireplace  filled  with  fuel  of  pit  coal,  coaks,  or 
wood  charcoal,  from  time  to  time  as  occasion  requires,  and  then  the 
common  bellows,  cylinder,  or  usual  machine  for  blowing  or  pumping 
air  into  the  space  below  the  ash  grate  through  the  tubes  (as  described 
in  the  Plan)  is  began  to  bo  worked,  and  the  fire  excited  by  the  air 
till  the  cavity  of  the  said  furnace  is  sufficiently  heated,  and  then  the 
hot  liquid  iron  metal  is  taken  and  carried  in  iron  ladles  from  the  above 
common  furnace  and  poured  into  the  refined  furnace  through  an  iron 
door  or  apperture  raised  by  a  lever  (as  described  in  the  Plan) ;  then  the 
said  apperture  is  stopped,  and  the  blast  of  air  and  tho  fire  used  until 
the  metal  becomes  less  fluid  and  thickens  into  a  kind  of  paste,  which 
the  workman,  by  opening  tho  door,  turns  and  stirs  with  a  bar  or  other 
iron  instrument  or  tool,  and  then  closes  the  apperture  ngain,  and  must 
apply  tho  blast  of  air  and  fire  nntill  there  is  a  ferment  in  the  metal ; 
and  if  no  ferment  ensues,  then  he  must  turn  or  convey  the  blast  of 
culd  air  through  the  tube  (which  is  described  in  the  Plan)  upon  the 
matter,  which  will  excite  a  kind  of  ferment  or  scoriafication  in  tho 
matter  or  metal ;  and  as  the  workman  stirs  or  turns  the  metal  it  will 
discharge  or  sepcrate  a  portion  of  scoria  or  cinder  from  it,  and  then 
the  particles  of  iron  will  adhere  and  sepcrate  from  the  scoria,  which 
particles  tho  workmen  must  collect  or  gather  into  a  mass  or  lump,  and 
then  shut  the  door  and  heat  the  mass  until  the  same  becomes  of  a  white 
colour,  and  then  take  or  convey  out  of  the  furnace,  with  a  bar  of  iron 
or  tongs,  the  said  mass  or  lump  to  the  forge  hammer,  and  there,  by 
repeated  blows,  squeeze  or  l>eat  out  tho  remaining  scoria  or  cinder, 
when  a  mass  of  malleable  iron  will  be  formed  into  an  octagonal  or 
other  bar  (called  a  loop),  and  which  bar  may  be  then  or  at  any  time 
heated  in  a  fire,  and  worked  by  tho  workman  and  forge  hammer  into 
rods  or  bars  of  iron,  for  various  purposes.     Or  the  cast  iron  or  pig 


•  No.  1370.  The  title  is  "  A  new 
Method  of  Working  and  Refining  Cast  or 
Pig  Iron,  and  converting  the  same  from 


a  Fluid  State  into  Wrought  or  Bar  Iron, 
which  would  be  of  Publick  Utility." 
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metal  may  be  worked  or  refined  from  the  pig  iron,  or  when  in  a  cold 
state,  as  follows : — The  refining  furnace  being  heated,  as  above  de- 
scribed, the  cast  iron  or  pig  metal  is  placed  in  the  furnace  on  the  place 
prepared  for  it  (as  described  in  the  Plan),  and  the  lire  excited  by  the 
blast  of  air  till  the  metal  is  in  fusion,  and  then  the  opperation  through 
the  whole  process  is  the  same  as  above  described  


KIr.  131.  Kngravinpt  aaiHupaiiying  Peter  Onion*'  upeclficatlon. 

11  The  reference  to  or  description  of  the  Plan  of  the  refining  furnace, 
marked  A. — Figure  1,  the  ground  plan:  A,  A,  two  fireplaces:  B,  the 
inside  of  the  furnace  ;  (',  the  door  place ;  D,  I),  two  doors  to  put  the 
fuel  in  at :  K,  the  air  blast  pipe  ;  F,  the  foundation  or  walls.  Figure  2, 
profile  and  section  of  the  inside  of  the  furnace :  A,  A,  a  cistern  or 
trough  of  water;  B,  B,  the  space  below  the  grate  for  the  ashes;  <\  0, 
air  pipes  from  tho  blowing  machine  ;  D,  D,*  the  fire  grate ;  E,  E,  the 
spaces  for  tho  fuel ;  F,  tho  place  to  receive  the  pig  metal ;  G,  a  pipe  to 
convey  cold  air  occasionally;  H,  tho  vent  or  chimney;  1,  I,  I,  the 
arch  and  other  part  of  walls.  Figure  3,  the  front  view,  with  the  door 
in  which  to  put  the  metal  into  the  furnace.  Fi  gurc  4,  the  back  view, 
with  two  doors  to  receive  the  fuel,  and  two  doors  to  take  the  ashes  out. 
Figure  5,  ground  plan  of  a  small  furnace:  A,  the  plan  for  the  fire; 
D,  the  place  to  receivo  the  pig  metal ;  C,  0,  the  air  blast  pipe;  D,  the 
door  for  the  metal ;  and  10,  the  door  for  fuel.  Figure  G,  section  of  the 
inside  of  the  furnaco  :  A,  tho  water  trough  ;  B,  the  space  for  the  ashes; 
C,  ( \  the  air  pipe  from  the  blowing  machine  ;  D,*  the  fire  grate ;  E,  the 
space  for  tho  fire  grate ;  F,  the  place  for  the  metal ;  G,  the  cold  air 
pipe  ;  II,  tho  vent  for  the  hot  air.  Figure  7,  the  front  view,  with  the 
door  for  the  metal,  tho  air  pipe,  and  vent.  Figure  8,  the  back  view, 
with  the  door  for  the  fuel,  and  a  door  to  take  the  ashes  out  at." 

That  the  process  of  puddling  is  described  in  this  specification,  and 
that  it  was  conducted  on  tho  bed  of  a  furnace  to  all  intents  and  pur- 
poses reverberatory,  heated  by  flame  evolved  from  fuel  contained  iu  a 
separate  fireplace  or  separate  fireplaces  adjoining,  there  can  be  no 
doubt  whatever.  It  is  true  that  a  blast  was  injected  under  the  grate 
to  promote  the  combustion  of  the  fuel,  and  another  blast  directed  upon 
tho  surface  of  tho  molten  pig-iron ;  but  this  in  no  way  affects  the 


•  There  is  no  Hjmee  for  tho  insertion  of  those  letters,  but  the  part  will  be  easilv 
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question.  The  process  specified  by  Onions  was  essentially  that  of 
puddling;  and  nothing  can  be  more  graphic  than  the  description 
which  he  gives  of  the  "  coming  to  nature"  of  the  iron,  and  the  forma- 
tion of  cinder ;  and  I  can  hardly  conceive  that  such  an  account  could 
have  been  drawn  up  except  by  an  eye-witness  of  the  process  in  opera- 
tion. Cort'e  claim  to  be  regarded  as  the  original  inventor  of  puddling 
is  thus  further  invalidated  by  the  specification  of  Onions'  patent. 
There  is,  however,  one  point  of  difference,  and  it  is  this,  that  Cort  sub- 
stituted a  chimney,  as  a  means  of  causing  the  draught  of  the  furnace, 
for  the  blowing  apparatus  of  Onions  ;  and  in  so  far  his  process  is  more 
simple,  though  certainly  not  more  effective,  than  that  of  his  predecessor. 
Still  it  is  somewhat  singular  that  in  recent  years  even  the  blast  should 
have  been  used  in  certain  localities  as  an  accessory  to  the  chimney. 

The  statements  and  opinions  inserted  after  Mr.  Homfray's  evidence 
were  not  submitted  to  the  Parliamentary  Committee  of  1812,  which 
disputed  Cort's  claim  to  originality  in  the  matter  of  these  inventions; 
and  it  is  alleged  that  the  Chairman  of  that  Committee,  on  reading  it 
after  the  Report  had  been  made,  acknowledged  that  if  it  had  been 
duly  presented  to  the  Committee,  their  decision  would  have  been 
entirely  opposite. 

It  should  be  added  that  Cort  never  received  one  farthing  from  Mr. 
Richard  Crawshay  by  way  of  royalty.  The  patent  having  been  locked 
up  by  the  Government  for  Jellicoe's  debt,  the  rights  were  deemed 
extinct.  The  patent  for  grooved  rolls  expired  in  17<.)S,  and  it  is  com- 
puted that  previously  Mr.  Richard  Crawshay  had  manufactured  not 
less  than  50,000  tons  of  rolled  iron,  on  which  the  royalty  would  have 
amounted  to  25,000/. 

Somo  persons  may  think  that  I  should  have  devoted  less  space  to  the 
consideration  of  Cort's  case,  but  I  could  not  have  done  so  with  justice 
to  the  subject.  II is  story  is  peculiar,  and  one  of  the  saddest  in  the 
annals  of  invention.  Its  interest  depends  on  the  truth  of  certain  state- 
ments, of  which  some,  as  wo  have  seen,  were  not  only  doubted,  but 
repudiated,  by  a  Committee  of  the  House  of  Commons.  These  state- 
ments, it  seems  to  me,  have  since  been  clearly  established  on  docu- 
mentary evidence  quite  unassailable.  That  evidence  is  before  the 
reader,  who  has  now  the  same  means  of  forming  a  judgment  jis  the 
author,  whether  Cort  deserves  to  rank  as  an  inventor,  whether  he  has 
a  claim  upon  our  sympathy  as  the  victim  of  injustice,  and  whether 
thohe  who  gained  largely  by  the  adoption  of  his  processes  did  not  act 
towards  him  in  a  manner  of  which  most  men  would  be  ashamed. 

It  is  true  that  the  value  of  the  process  of  puddling  has  been  gieatly 
enlianced  by  subsequent  improvements,  especially  two,  viz.  the  appli- 
cation of  iron  bottoms  to  the  puddling  furnaces,  and  the  boiling  pro- 
cess. But  this  has  been  the  course  with  many  inventions,  perfection 
only  being  arrived  at  by  slow  degrees;  and  merit  is  not  the  less 
because  others  subsequently  appear  who  improve  the  methods  of  their 
predecessors. 
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South  Staffordshire. — The  first  which  I  have  selected  for  description  is 
at  the  Rromford  Iron-works,  near  Birmingham,  belonging  to  in\*  friend 
Mr.  W.  II.  Dawes.  The  accompanying  engravings,  fig.  132  to  fig.  147 
inclusive,  have  Wen  carefully  examined  bv  mv  friend  Mr.  C.  Arkinstall. 
the  able  manager  of  the  works,  to  whom  I  am  further  much  indebted 
for  valuable  information  on  many  points  relating  to  the  manufacture 
of  iron.  I  may  also  state  that  1  spent  nearly  a  week  in  measuring 
and  drawing  the  numerous  castings  employed  in  its  construction.7 
By  carefully  studying  and  comparing  the  engravings,  the  reader  will 
not  require  much  verbal  description. 

The  puddling-furnaco  is  reverberatory,  and  has  a  very  large  fire- 
place, compared  with  the  size  of  the  bed. 

a,  132.  The  fire-hole.    There  is  no  door,  the  hole  being  closed  bv 

Plan  of  the  top. 


Klg.  132. 


Side  elevation. 


IF 


7  There  is  a  model  of  it  to  scale  in  the 
Royal  School  of  Mine.-,  made  l>v  the  pat- 
tern-maker nt  the  Bromford  Work*.  It 


may  l>e  taken  to  pieces,  and  every  ea*hne 
is  represented. 
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coal  piled  upon  the  projecting  ledge  at  the  l>ottom.  Tn  some  furnaces 
the  fire-holo  or  stoke-door  is  on  the  side  opposite  to  that  on  which  the 
puddler  works,  and  in  others  it  is  at  the  end  of  the  fire-place. 

b,  132,  134.  Small 
hole,  termed  stafl- 
h'lle,  through  which 
the  puddler  heats  his 
staff,  a  wrought-iron 
bar  about  in. 
square,  welded  to  the 
ball,  and  used  for  ma- 
nipulating it  under 
the  hammer,  etc. 

c,  132.  Door.  It 
consists  of  a  frame  or 
shallow  box  of  cast- 
iron,  which  on  the 
inner  side  is  filled  in 
with  fire-brick  ;  and 
there  is,  as  it  were,  a 
second  .smaller  door, 
attached  in  the  man- 
ner shown,  but  this 
is  now  pretty  gene- 
rally dispensed  with. 
The  door  is  raised  or 
lowered  by  a  counter- 
poised lever.     It  M 
only  opened  to  intro- 
duce the  charge  and 
draw  out  the  balls. 
During  the  working 
it  is  firmly  fastened 
by  driving  in  an  iron 
wedge  between  one 
tide  of  it  and  the  door- 
frame 

</,  132,  139.  Hole 
at  the  bottom  of  the 
door  through  which 
the  puddler  works  the 
metal  in  the  furnace. 

«,  132,  139,  147. 
Tap  -  hole,  through 

which  the  slag,  technically  termed  tap-cinder,  is  let  out,  and  which 
during  puddling  is  stopped  up  with  sand. 

/,  133.  Fire-place.  This  as  well  as  the  arch  and  sides  above  the  b<  d 
aro  built  of  Stourbridge  fire-bricks.  The  bricks  forming  the  outer  end 
of  the  fire-place  are  supported  on  an  iron  casting.    The  sides  rest  oil 

2  r 
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g.  133.    Vertical  section  on  llic  line  A  B,  fi*.  134.  Fig.  139.        Vertical  iseelion  on  the  line  C  D,  »K.  134. 


cast-iron  bearers,  supported  on  cast-iron  standards.  Extending  across 
at  the  fire-bridge  is  the  fire  bridge  plate  of  cast-iron. 

<7,  138,  134.  Top  of  the  fire-bridge,  formed  of  slabs  or  quarries  of 
fire-brick.  Upon  it,  towards  the  end  farthest  from  the  working  side,  a 
little  pier  of  loose  fire-bricks  is  piled,  called  the  11  monkey  "  in  South 
Staffordshire,  and  which  is  intended  to  deflect  the  flame  towards 
the  door  c. 

A,  133.  Channel  through  which  air  circulates  in  order  to  keep  the 
fire-bridge  cool. 

I,  f,  133.  Bottom  plates  of  cast-iron,  of  which  there  are  four  (see  the 
special  description  of  figs.  140  and  141). 

ky  133.  Layer  of  broken  up  roasted  tap-cinder  called  "bull-dog," 
which  extends  round  the  side-plates  surrounding  the  bed,  and  more  or 
less  over  the  bottom-plates. 

/.  /,  133,  134.  Cavity  constituting  the  bed  proper  of  the  furnace,  in 
which  the  pig-iron  is  melted  and  manipulated.  The  bottom  should  be 
covered  with  a  layer  of  oxide  of  iron  2  in.  thick,  formed  by  working 
up  scrap-iron  in  the  furnace. 

m,  133.  Cast-iron  plate  supporting  the  fire-bricks  at  the  bottom  of 
the  flue,  through  which  the  products  of  combustion  pass  from  the  body 
of  the  furnace  into  the  stack. 

n,  n,  133,  137.  Layer  of  cinder  which  has  run  over  and  accumulated. 

o,  o,  o,  1 34.  Empty  spaces. 

/>,  140.  Back  part  of  the  bottom  frame. 

7,  140.  Front  part  of  the  frame. 

r,  r,  133.  Cast-iron  bearers  extending  across  the  furnace  and  support- 
ing the  ends  of  the  frame  respectively. 

s,  141.  Back  wall  plate  near  the  fire-bridge  end. 
t,  141.  Back  wall  plate  curved  near  the  flue-end. 
?/.  141,  142.  Plate  at  the  fire-bridge  end  called  the  fire-bridge  | 
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ir,  140,  141.  Plate  at  the  flue-end  called  the  flue-bridge  plate. 
X%  140,  143,  Jamb-plate  at  the  angle  at  the  flue-end. 
y,  140,  144.  Jamb-plate  at  the  angle  at  the  fire-bridge  end. 
The  side-plates  x  y  aro  shown  foreshortened  as  when  set  in  the 
frame. 

?,  z\  z\  133.  Brick  piers  <>f  common  brick. 

The  stack,  with  its  damper  on  the  top,  is  shown  in  the  engravings  of 
the  pudd ling-furnace  to  be  next  described.  The  damper  plays  an  im- 
portant part  in  the  operation  of  puddling. 

Sjvcial  description  of  the  frame,  door -frame \  fore-jrfate,  aiid  tap-hole  jUaft. 


Fret 

s      9  i  2  y  4  » 

Fig.  140.  ITan  of  the  frame 

It  is  of  cast-iron,  and  is  in  two  pieces.  It  receives  4  cast-iron  plates, 
which  form  the  bed  :  thev  should  hot  exceed  in.  in  thickness;  thev  lie 
transversely  on  the  broad  surfaces,  tig.  139.  They  are  further  supported 
underneath  by  a  bar  of  wrought-iron  on  edge,  resting  on  two  cast- 
iron  standards,  as  shown  in  figs.  13$,  1M0.  It  is  desirable  that  these 
standards  should  be  placed  nearer  the  door  than  is  shown  in  the  enprav. 
ing,  in  order  the  better  to  support  that  part  of  the  bottom  upon  which 
the  pig-iron  chiefly  falls  during  the  operation  of  charging.  It  also 
receives  G  side-plates  of  cast-iron  set  vertically.  At  the  back,  opposite 
the  working  door,  are  two  of  these  plates,  fig.  141,  st  t,  one  of  which,  K 
is  curved  ;  two  fit  into  the  fire-bridge  and  flue-sides,  and  the  re- 
maining two  jamb-plates  into  the  straight  portions  on  each  side  of  the 
door  respectively.  These  plates  are  bevelled  at.  the  edges,  which 
come  in  contact  at  the  angles  of  the  frame  as  shown  in  fig.  141. 
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Fig.  ill.      Vertical  section  of  the  frame  through  the  Junction  of  its  component  pieces. 

The  fire-bridge  and  flue-bridge  plates  have  snugs  cast  on  their 
external  surface,  in  order  to  prevent  their  being  pushed  outwards. 


fit 


I 


I 


Fig.  142.      Fire-bridge  plate.   See  figs.  140,  141,  u. 


The  plates  were  formerly  made  to 
drop  in  Ivtuceen  the  ends  of  the  bottom 
plates  and  the  frame,  and  were  liable 
to  become  so  firmly  wedged  in  as  to 
render  it  difficult  to  withdraw  thein 
for  repairs,  etc.  This  and  the  pre- 
ceding plate  are  shown  foreshortened, 
as  when  set  in  the  frame. 

Fig.  145.  There  are  two  vertical  ribs, 
between  which  the  door  slides  up  and 
down,and  which  are  strengthened  with 
short  cross  ribs,  somewhat  broader  at 
the  base  than  elsewhere.  The  bottom 
end  of  one  side  of  the  frame  is  shown 
to  the  right,  and  from  this  the  degree 
of  projection  of  the  vertical  and  cross- 
ribs  may  be  found. 

Fig.  140  a,  side  elevation  ;  and  fi>  up- 
per 8urface.  A  piece  termed  the  fore- 
plate  bit,  y,  of  hard  white  cast-iron,  let 
in  on  this  surface,  so  as  to  be  prevented 
by  a  projecting  piece  on  each  side 
from  sliding  out,  and  yet  be  capablo 
of  easy  renewal.  Over  the  fore-plate 
bit  the  puddler  works  his  tools,  and 


Fig.  143.  Jamb  plate  at  the  flue 
tide  angle,  «,r  on  the  left  band  uf 
the  dour,  c.   See  fig.  140,  as. 


Fig.  144.  Jamb-plate  near  the  fire- bridge  angle, 
or  on  the  right  hand  of  the  door,  c.  See 
fig.  140,  y. 


Fig.  145.      Outalde  elevation  of  door-frame, 
which  la  made  of  cast-iron. 
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there  is,  necessarily,  great  wear  of  the  iron  on  that  part.  The  inner 
edge  of  the  fore-plate  bit  is  curved,  as  shown  in  jiy  and  serves  especially 

 ,   ,    ,,  —  as  the  fulcrum  for  the  tool. 

— L  


Klg.  146.         Korv -plate,  of  caal-irun. 


»[ 


J 


J 


if 


y 


Fig.  N7. 


The  door-frame  rests  on  the 
.sides  of  the  fore-plate. 

Fig.  147  2,  upper  surface ; 
c,  side  elevation  ;  £,  vertical 
section  through  f,  the  tap- 
hole.  The  fore-plate  rests 
on  the  top  of  this  plate. 

The  sides  and  ends  of 
the  furnace  are  fiimly  sup- 
ported by  cast-iron  plates 
connected  at  the  top  by 
wrought-iron  tie-rods,  as 
1  «  shown  in  figs.  132, 133, 135, 
i— 137, 138, 139;  and  at  the  hot- 

Up  bole  plate  or  br«ut-p)ate.  by  wr0llght-ilon  djps 

and  bars,  as  shown  in  fig.  136.  The  whole  of  the  interior  under  the 
bottom  is  open  for  the  five  circulation  of  air.  Below  the  tap-hole  is 
a  cast-iron  plate  at  the  back,  so  that  the  tap- waggons,  in  which  tbe 
cinder  is  removed,  are  prevented  from  running  too  far  underneath. 

In  the  special  description  of  the  frame,  etc.,  it  will  be  obseived  that 
some  minor  details  are  not  exactly  as  represented  in  fig.  133 ;  but  this 
is  comparatively  unimportant. 

In  one  of  the  puddling-furnaces  which  I  saw  at  the  Bromford  Iron- 
works, the  plates  at  the  flue  and  fire-bridge  ends  contained  coils  of 
wrought-iron  tubing,  through  which  water  circulated.  They  were 
made  like  the  water-tymps  previously  described,  and  were  reported  by 
Mr.  Arkinstall  to  answer  well. 

Any  other  details  which  may  havo  been  omitted  in  the  description 
will,  it  is  apprehended,  be  clearly  intelligible  from  the  engraving*. 

The  tools  with  which  tho  molten  pig-iron  is  manipulated  are,  in 
South  Staffordshire  language,  tho  rabble  and  the  paddle.  The  rabble 
is  a  strong  wrought-iron  bar,  of  which  about  half  is  square  in  section, 
and  tho  other  half,  which  is  grasped  by  the  puddler,  circular ;  and 
the  square  end  is  welded  to  a  piece  of  flat-iron  about  in.  broatl, 
which  is  bent  at  right  angles,  forming  the  working  point.  It  is 
about  1}  in.  squaro  and  8  ft.  long,  and  weighs  about  40  lbs.  The 
paddle  is  another  similar,  but  somewhat  less,  heavy  bar  of  wrought- 
iron,  bevelled  off  at  the  square  end  into  an  obtuse  chisel-like  edge. 
The  rabble  and  paddle  are  alternately  used  for  stirring  and  otherwise 
working  the  iron.  Each  puddler  has  several  of  these  tools,  which 
are  cooled,  as  occasion  may  require,  by  plunging  them  into  water 
contained  in  small  cast-iron  cisterns  called  water-boshes. 

Small  hopper-like  boxes,  made  of  wrought-iron,  on  wheels,  called  tap- 
waggons,  are  placed  under  the  tap-hole  during  tapping  to  receive  the 
molten  cinder,  which  speedily  consolidates  and  is  then  wheeled 
nwav. 
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A  puddling-furnaee  usually  lasts  about  six  months,  when  it  must  be 
rebuilt ;  but  needs  repairing  every  week.  The-  eost  of  an  ordinary 
puddling-furnaee  may  be  reckoned  at  about  130/. ;  with  good  workmen 
the  bottom  plates  will  last  two  or  even  three  years,  but  bad  workmen 
will  spoil  them  in  a  month.  They  become  quite  tough  in  the  course  of 
about  six  weeks' working.  There  are  about  1500  fire-bricks  in  one 
furnace.  When  the  South  Staffordshire  New  Mine  coal  (i.  e.  the 
variety  occurring  in  the  vicinity  of  Bromford)  is  used,  the  grate  is 
made  large.  With  this  coal  the  bars  clinker  much  sooner  than  with 
the  Thick-coal.  The  dimensions  of  the  grate  will  be  found  to  vary 
somewhat  in  different  localities,  according  to  the  kind  of  coal  em- 
ployed. 

South  Wales. — I  have  selected  for  illustration  one  of  the  furnaces 
belonging  to  the  Ebbw  Vale  Iron  Company,  to  whom  I  am  indebted 
for  the  admirable  drawings  from  which  the  accompanying  engravings 
have  Ixien  executed,  from  fig.  148  to  155  iuclusive.    After  the  pre- 


KiK  UN.  I'uddllhg-funince,  Kbbw  Valf.        Sidi-  ck-vatluh. 
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ceding  detailed  account,  a  few  explanatory  remarks  only  will  be  needed. 
Cast-iron,  it  will  bo  observed,  is  extensively  employed  in  its  construc- 
tion. The  bod  is  formed  of  cast-iron  plates,  but  the  mode  in  which 
they  are  fixed  and  supported  differs  from  that  in  the  South  Stafford- 
shire furnace.  The  bottom  plates  rest  on  cast-iron  bearers,  the  ends  of 
which  are  supported  on  side  brackets.  Under  the  hollow  cast-iron 
bearer  below  the  fire-bridge  is  a  flat  wrought-iron  bar,  and  another 


Vertical  section  vn  the  lino  A  B,  llg.  I  H>. 
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similar  one  under  the  corresponding  bearer  at  the  opposite  end  :  see 
fig.  1.50.  There  is  also  a  similar  wi  ought-iron  bar  extending  along 
each  side,  and  resting  immediately  on  the  side-bracket:  see  figs.  154, 
1*>5,  in  which  their  sectional  edges  are  shown  dark. 

E 

i 


1 
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^K.  151.        Plan  showing  the  plate*,  etc,  without  brickwork.    Weight  of  cuMIng*  in  each  fact: 

7  tons  5  cwt*..  ami  of  wrought  iron  15  cwis. 
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Ft2.  152. 


Hod  elevation  of  the  Mick. 


Fig.  153.       Elevation  at  the  tlrt-pltue  en<i. 
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Fig.  I W.   Vertical  section  on  the  line  E  F,  fig.  151.       Fig.  155.  Vertical  section  ou  the  line  C  U,  flg.  149. 

I\iddling-farnace,  of  which  the  sides  of  the  bed  are  cooled  by  the  circulation 
of  water.  —  I  am  indebted  to  Mr.  Levick  for  drawings  of  one  of  these 
furnaces  at  Blaina.  The  sides  of  the  bed  are  formed  partly  of  solid 
plates  and  partly  of  hollow  castings,  through  which  water  is  kept 
flowing.  In  other  respects  the  construction  is  similar  to  that  of  the 
Ebbw  Vale  furnace.  The  engravings,  from  fig.  156  to  1G0  inclusive, 
will  explain  themselves  sufficiently  without  further  description. 

a,  a,  a,  157.  Hollow  cast-iron  aides  of  h,  157, 158.  Grate-bars  of  wrought-iron. 

t lie  bod.            b,  157,  158.  Fire-bridge.  i,  157.  Cast-iron  bearer  earning  tbe 

r,  c;  157. 158.  Botiom-plates  of  cast-iron,  end  wtill  of  the  fire-place. 

d,  157.  Wrought  bars  supporting  the  k,  15*3.  158.  Fire-bole.  [iron, 

bottom-plates.  /,  /,  /,  157.  158.  Outside  plates  of  cast- 


e,  e,  157.  Transverse  cust-iron  bearers 
currying  the  bars  d. 

/,  157.  Side-brackets  of  cast-iron  sup- 
jiorting  tbe  bearers  e,  e. 
<j,  157.  Cast-iron  plute. 


m,  156,  158.  Tnp-hole. 
n,  ft,  h,  150, 158.    Pipes  connected  with 
water  boxes. 

o,  o,  o,  »>,  157,  158.  Cust-iron  standards 
carrying  the  stuck. 


Fin.  10C.  Paddttng«ninMce  at  Itlaina.    Sld«*  elcvat  on. 
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Hg.  157.  Vertical  *«clloii  on  tlic  line  G  II,  flg.  15M. 


r  Ig.  Itt.    Vertical  section  on  the  line  C  L>.  Hg.  10*.  I  ig-  160.   Vcrtkal  section  on  the  line  fc  P.  fig.  158. 
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Invention  of  iron  bottom. — The  bed  of  the  puddling-furnacc  introduced 
by  Cort  was  made  of  sand,  and  continued  to  bo  so  made  until  about 
the  year  1818,  when  Mr.  Samuel  Baldwyn  ltogers,  of  Nant-y-Glo, 
Glamorganshire,  substituted  the  **  iron  bottom  "  with  great  advantage. 
The  invention  was  not  patented."  A  bed  of  sand  must  bo  subject  to 
great  corrosion  from  the  oxide  of  iron  formed  during  the  operation ; 
and  this  will  cause  considerable  loss  both  of  time  and  money  in 
necessary  repairs,  and,  consequently,  render  the  furnace  less  pro- 
ductive in  a  given  time.  It  may,  moreover,  bo  readily  conceived  how 
liable  to  injury  such  a  bed  must  bo  from  the  manipulations  of  puddling 
to  be  presently  described. 

Mr.  Rogers  declares  that  in  the  year  1818  he  freely  offered  his 
invention  of  iron  bottoms  to  Mr.  A.  Hill  (Plymouth  Iron-works), 
Mr.  Forman  (Pcndarren),  Mr.  Hall  (Khymncy  Iron-works),  Mr.  Hom- 
fray  (Tredegar),  and  Mr.  Crawshay  (Cyfartha),  and  that  these  gentle- 
men received  it  with  "  sneers  and  ridicule,"  pronouncing  it  impossible 
of  realization.  However,  Mr.  Richard  Harford,  then  of  the  Ebbw  Vale 
Iron-works,  adopted  it,  and  not  many  years  afterwards  iron  bottoms 
camo  into  general  use.  Mr.  Rogers  alleges  that,  whereas  in  1818  it 
was  considered  that  "  8  tons  were  a  good  weekly  yield  from  a  furnace," 
the  effect  of  his  invention  has  been  to  increase  the  weekly  yield  of  a 
furnace  to  20  or  24  tons.9  It  is  admitted  by  Mr.  Rogers  that  his 
original  proposition  was  to  use  a  flux  in  conjunction  with  iron  bottoms, 
which  M  would  enablo  the  puddler  to  obtain  any  quality  of  result  from 
his  furnace  that  may  be  desired ;"  and  he  states  that  this  part  of  his 
invention  was  partially  carried  into  practice  by  the  late  Mr.  Harford 
at  the  Ebbw  Vale  Iron-works.  He  gives  the  following  receipt  for  a 
flux,  "should  a  cold-short  bar  be  desired  :" — 

7| !"; } c™>* «• 

Be*  l,a>mntilc  iixm-oru          Iti   ..  I  SSLw^S,1 

[  tenuis  well  mixed 

"  J  up  together."  1 


Unslaked  lime    10 

Charcoal  powder   12 


Mr.  Rogers  declares  that  his  "  fluxes  were  recommended  to  the  iron- 
trade,  and  actually  used  at  several  large  iron-works,  as  far  back  as  the 
year  1818;"  and  hence,  he  properly  remarks,  "  they  cannot  possibly 
be  reckoned  in  the  category  of  piracies  or  imitations  of  inventions  or 
discoveries  of  comparatively  recent  dates."  He  further  calls  attention 
to  the  fact  that  common  salt,  nitre,  oxide  of  manganese,  fire-clay,  and 
haematite  had  been  recommended  in  puddling  by  the  late  Mr.  Mushet 
more  than  40  years  ago  [from  1858].*  liut  it  might  be  added  that  the 
use  of  some  of  these  so-called  fluxes  is  long  anterior  even  to  Mr.  Mushet's 
recommendation.    I  have  previously  inserted  an  extract  from  the  spe- 


8  An  Elementary  Treatise  of  Iron  Me- 
tallurgy. By  S  imuel  Baldwyn  Rogers. 
London,  1H5S,  p.  '227.  I  have  been  care- 
ful, as  far  as  possible,  to  verify,  by  in- 
formation from  various  sources,' the' cor- 


rectness of  Mr.  Rogers's  statements  re- 
specting the  history  of  his  invention. 

9  Op.  cit.  p.  220.' 

1  Op.  cit.  p.  241. 

■  Op.  cit.  p.  240. 
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cification  of  John  Payne's  patent  for  improvements  in  the  manufacture 
of  iron,  A.n.  1728,  in  which  ho  claimed  the  use  of  wood-ashes,  glass, 
Kandiver  ["glass-gall,"  or  saline  matter,  such  as  alkalino  chlorides 
and  sulphates,  which  appear  on  the  top  of  the  glass  after  complete 
fusion],  common  salt,  clay,  kelp,  and  potashes.  In  an  interesting  spe- 
cification of  a  patent  granted  to  John  Wood,  A.n.  1761,  lime,  kelp,  and 
" super's  waste"  are  claimed  as  fluxes  for  effecting  the  conversion  of 
granulated  pig-iron  into  malleable  iron.*  Again,  in  the  specification 
of  a  patent  granted  to  James  Goodyer,  a.i>.  1771,  it  is  stated  that  the 
addition  of  M  6alt  [common]  and  other  saline  substances,"  and  animal 
or  charcoal  dust,  improves  steel.4  These  extracts,  on  the  use  of  saline 
fluxes,  have  a  signification  which  will  be  appreciated  in  the  sequel. 

In  reference  to  the  question  of  the  invention  of  iron  bottoms,  a 
patent  granted,  A.n.  1788,  to  Robert  Gardner,  described  as  "of  the 
City  of  London,  ironmaster,"  deserves  careful  attention.    The  title  of 
the  patent  is,  44  A  New  and  Peculiar  Art  or  Method  of  Manufacturing 
Iron,  Copper,  and  other  Metals,  by  a  New-invented  Progressively 
Multiplying  Air  Furnace."5    The  essence  of  this  invention  consisted 
in  passing  the  flame,  etc.,  escaping  from  the  bed  of  one  reverberatory 
fnmace,  over  another  similar  and  contiguous  bed,  and  from  thence 
over  a  third,  or  even  a  fourth  bed  in  succession.    If  the  waste  flame, 
thus  applied,  did  not  suffice  to  raise  the  temperature  high  enough,  it 
was  to  be  supplemented  by  a  fire  place,  etc.    44  By  this  means  the  divi- 
sion next  to  the  fire  being  the  hottest,  gives  the  iron  (if  iron  be  tho 
metal  worked)  what  is  termed  a  welding  heat  (if  so  great  a  heat  is 
wanted),  for  either  rolling  or  hammering,  whilst  the  second  division 
kings  the  iron  to  the  highest  degree  of  a  red-heat,  for  tho  purpose 
of  moving  the  various  pieces  in  succession  into  tho  first;  in  doing  of 
which  a  vast  deal  of  time  is  saved,  and  great  waste  prevented,  by 
avoiding  the  old  method  of  putting  a  large  quantity  of  cold  iron  into 
the  furnace,  and  waiting  until  the  whole  is  got  up  to  a  welding  heat ; 
which  pieces  being  only  worked  off  one  by  one,  those  that  continue 
whilst  the  others  are  working  waste  in  proportion  to  the  time  they 
remain  in  the  fire.   The  flame,  after  leaving  the  second  division,  heats 
a  third,  or  any  number  in  progression,  according  to  the  degrees  of  heat 
which  maybe  wanted,  either  for  iron,  copper,  or  any  other  metal,"  etc. 
"The  second  object  of  this  invention  is  to  prevent  the  destruction 
made  in  furnaces  worked  upon  the  old  plan,  in  taking  out  the  bottoms 
hy  the  means  of  a  cast-iron  floor  for  laying  the  sand-bottom  upon,  and 
which  floor  is  left  hollow  underneath,  to  prevent  its  melting,  having 
a  passage  at  the  side  for  the  discharge  of  scoria  or  dross,  tho  floor 
being  inclined  that  way  to  facilitate  the  discharge.    By  this  method 
the  sand  bottom,  when  worn  out,  is  easily  taken  oft*  from  the  iron 
hW,  without  injury-  to  tho  furnace."    Again,  in  1793,  a  patent  was 
granted  to  William  Taylor  for  44  An  Air  Furnace  on  an  improved  Con- 
struction."*   The  furnace  was  made  of  brick,  with  cast  and  wrought 


3  Abridgmente,  eta.  ante  cit.  p.  5.  I     s  NTo.  1012. 

4  n>id.  p.  9.  «  AD.  1793.  Nov.  (5,  No.  19M. 
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iron,  and  had  two  fire-places  at  each  end  communicating  with  a  com- 
mon stack.  It  had  an  iron  bottom,  covered  with  sand,  and  cooled 
underneath  by  a  current  of  air.  How  far  the  inventions  here  described 
resemble  that  of  Mr.  S.  B.  Rogers,  the  reader  will  be  able  to  judge  for 
himself.  Mr.  Rogers  died  recently  in  absolute  penury,  and  at  the 
advanced  age  of  85.  1  have  made  particular  inquiry  concerning 
him.  His  character  was  unimpeachable.  He  was  careless  about 
money,  fond  of  experimental  chemistry  in  his  own  rough  way,  and 
devoted  to  music  above  all  earthly  things.  He  was  a  skilful  fiddler, 
and  he  also  composed  music.  He  lived  at  a  time  when  brandy-and- 
water  was  copiously  and  universally  imbibed  ;  but,  although  naturally 
of  what  is  termed  a  jovial  temperament,  he  avoided  intemi>erance 
himself.  The  poor  old  man  on  his  deathbed  received  pecuniary  aid 
from  Mr.  Crawshay  Bailey,  whom  he  had  so  long  and  faithfully 
served  ;  but  other  ironmasters  who  were  appealed  to  on  his  behalf 
also  rendered  assistance. 

Manipulation. — I  know  scarcely  any  metallurgical  operation  more 
interesting  to  watch  than  puddling.  I  will  now  present  a  detailed 
description  of  it,  as  I  saw  it  practised  by  one  of  the  best  puddlere  in 
South  Staffordshire,  at  the  Bromford  Iron-works,  in  1859.  Dr. 
Beddoes  presented  to  the  Royal  Society,  March  24, 1791,  a  description 
of  tho  process  of  puddling  gixy  pig-iron  from  his  own  observations. 
The  charge  was  21  cwts.  The  furnace  had  two  chimneys,  one  at  the 
end  as  at  present,  and  another  over  the  fire-place.  Both  had  dampers. 
Wht'ii  the  damper  of  one  was  up,  that  of  the  other  was  down,  so  that 
the  flame  might  be  made  to  pass  over  the  bed  or  direct  into  the 
chimney  over  the  fire-place.  Dr.  Beddoes'  account  is  very  circum- 
stantial and  correct.  He  especially  dwells  on  the  "fermentation" 
and  tho  evolution  of  blue  jeta  of  flame  over  the  surface.  He  has 
recorded  one  observation  of  interest,  namely,  that  tho  metal  at  one 
stage  became  decidedly  hotter  after  the  flame  had  been  turned  oft  from 
the  bed.  He  did  not  rightly  interpret  the  fact,  which  is  due  to  the 
heat  developed  by  the  combustion  of  the  iron. 

The  side-plates  are  lined  either  with  **  puddling  mine "  (roasted 
red-mine,  a  black  band  from  North  Staffordshire — see  Table  of  Inn 
Ores),  or  "bull-dog"  (roasted  tap-cinder),  or  with  both,  and  the 
bottom  is  covered,  as  previously  stated,  with  a  layer  of  oxide  of 
iron.  The  bull-dog  is  crushed  between  rolls ;  the  large  pieces  are 
first  put  in  and  then  covered  with  crushed  mine  or  bull-dog;  and  the 
whole  is  plastered  over  with  red  haematite  (of  tho  unctuous  or  soft 
variety  )  made  into  a  paste  with  water,  and  afterwards  rammed  well 
in.  The  brickwork  at  the  sides  is,  as  shown  in  the  engravings  built 
to  overhang  the  bed,  whereby  a  space  is  left  underneath  for  ramming 
in  the  mixture  above-mentioned.  In  every  turn  or  shift  of  12  hours, 
about  1  cwt  of  scrap  wrought-iron  is  introduced  into  the  furnace  and 
worked  into  a  ball,  in  order  to  supply  a  coating  of  oxide  of  iron  orer 
the  bottom. 

July  21,  1850.— The  cinder  having  been  tapped  off,  and  the  furnace 
Wing  supposed  to  be  ready  for  the  next  heat.    The  charge  consisted 
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of  a  mixture  of  1  cwt.  of  refined  iron  and 3  cwts.  of  forge-pig  iron  (long 
weight  as  usual),  and  about  1  cwt.  of  hammer-slag  and  iron-scale. 

I1'  oOm.  Hammer-slag  was  put  in,  and  spread  over  the  bed  and  round 
the  sides.  This  charging  was  effected  in  about  :im,  the  damper  being 
up  all  the  while.  The  door  was  let  down  and  wedged,  as  before 
described,  and  the  working-hole,  or,  as  it  is  termed,  the  stopper-hole, 
at  the  bottom  of  it  was  closed  up  with  a  bit  of  bar-iron.  The  tap-hole 
was  stopped  up  with  sand.  Coal  was  introduced,  and  the  fire  "  fettled." 
Smoke  and  flame  issued  from  the  top  of  the  stack.  Nothing  more  was 
done  until  2h  9" 

2h9m.  The  puddler's  assistant  or  ' *  underhand "  put  in  coal.  The 
puddler  lifted  or  moved  about  the  pig-iron  through  the  stopper-hole 
with  his  paddle,  which  required  about  2m. 

2h  15".  The  underhand  repeated  the  last  operation  of  lifting  or 
moving  about  the  pig-iron,  detaching  any  pieces  which  stuck  to  the 
bottom.  This  is  done  in  order  to  allow  the  flame  to  play  on  all  parts 
of  the  iron,  the  bottom  of  the  furnace  being  the  coldest  part.  Before 
withdrawing  the  paddle,  it  was  6truck  with  a  hammer  in  order  to 
knock  off  any  iron  adhering  to  it.  Stirring  and  rabbling  were  con- 
stantly practised  by  the  underhand. 

2b  16m.  The  whole  of  the  pig-iron  was  not  yet  quite  melted.  The 
molten  portion  "  frizzled,"  as  though  in  incipient  ebullition.  When 
near  its  melting  point  the  pig-iron  may  be  easily  broken  up. 

2"  25m.  The  fire  was  replenished.  The  puddler  rabbled  constantly. 
All  the  pig-iron  was  completely  melted.  Up  to  this  time  the  damper 
had  remained  up,  but  it  was  let  down  after  the  pig-iron  had  melted. 
The  letting  down  of  the  damper  will  depend  upon  Ihe  temperature 
of  the  furnace.  If  the  furnace  is  "  very  cold,"  the  metal  will  M  come 
np"  without.  [The  meaning  of  this  term  will  be  understood  from 
what  follows.]    The  underhand  stirred  incessantly. 

2h  W*.  The  fire  was  made  up  by  the  puddlor,  the  stirring  by  the 
underhand  having  continued  without  interruption.  The  damper  was 
raised. 

2h  40m.  The  puddler,  naked  to  his  waist,  took  the  rabbling  in  hand. 
The  molten  metal  presented  the  appearance  of  full  ebullition,  techni- 
cally termed  •*  boiling,"  and  was  swelling  up  and  rising  rapidly,  jets 
of  blue  flame  escaping  everywhere  from  its  surface,  and  the  metal 
being  spurted  np  with  considerable  force,  thus  showing  that  the 
formation  of  carbonic  oxide  must  take  place  deep  below  the  surface, 
owing  to  the  oxidation  of  the  carbon  in  the  metal  by  the  oxygen  of 
the  hammer-slag  or  other  oxidised  products  of  iron.  The  paddlo 
received  a  swinging  movement  from  side  to  side,  as  well  as  backwards 
and  forwards. 

2h  4  im.  The  molten  metal  was  almost  white  hot,  and  had  risen 
nearly  to  the  stopper-hole. 

2h  45m.  The  metal  had  not  risen  higher,  but  had  becomo  whiter  and 
hotter  by  stirring.  The  damper  had  been  up  about  10m.  Coal  was 
thrown  in  through  the  staff-hole. 

2h  53*.  The  underhand  took  the  paddle,  the  puddler  having  done 
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the  work  since  the  time  of  the  last  observation.  Much  of  the  iron 
had  11  come  to  nature,"  producing  pasty  masses  in  the  liquid  cinder. 
It  is  beautiful  to  witness  this  separation  of  the  malleable  iron. 

2h  66*  The  puddler  worked  again. 

2h  5Hm.  The  underhand  now  worked. 

2h  ,V.»m.  The  puddler  resumed  work,  the  damper  still  continuing  up. 

'6h  5m.  The  first  ball  was  taken  out,  the  damper  was  partially  let 
down,  und  the  stopper-hole  closed.  The  reason  of  this  is  obvious; 
for,  as  soon  as  the  iron  has  "come  to  nature,"  oxidation  niu-st  cause 
unnecessary  waste.  The  body  of  the  furnace  should  be  full  of  smoky 
or  reducing  flame  to  prevent  this  effect. 

tth  b™.  The  second  ball  was  taken  out. 

:ih  0m.  The  third  ball  was  taken  out. 

.V'  11"  The  fourth  ball  was  taken  out  by  the  underhand,  the  pre- 
ceding ones  having  been  withdrawn  by  the  puddler. 
llh  i;r.  The  fifth  ball  was  taken  out. 

3*  14™.  The  sixth  and  last  ball  was  taken  out,  immediately  after 
which  the  cinder  was  tapped  off.    A  ball  weighs  about  80  lbs. 

The  puddler  was  ono  of  the  most,  if  not  the  most,  skilful  in  the 
forge.  He  was  about  08  years  of  age,  and  about  o  ft.  10  in.  in  stature. 
Ho  complained  that  the  work  was  much  harder  now-a-days  than 
formerly,  when  not  more  than  2  ewts.  or  3  cwts.  of  pig-iron  were  pud- 
dled at  one  heat ;  but  Mr.  Arkinstall  assures  me  that  this  is  entirely 
untrue,  and  that  during  tho  last  thirty  years  the  charge  has  never 
been  less  than  4  cwts.  lie,  however,  admits  that  the  work  is  harder 
now  than  formerly  in  consequence  of  the  pig-iron  being  more  impure. 

A  good  puddler  would  earn  (July,  18.~>!»)  4/.  \Qs.  for  himself  and 
underhand  in  a  fortnight  of  14  days,  which  includes  10  turns,  i.e. 
5  days  and  o  nights  of  12  hours  each.  Out  of  this  sum  the  underhand 
received  2*.  uV.  for  each  turn,  i.e.  a  total  of  1/.  5$.  An  extra  sum  was 
given  to  the  underhand  for  44  getting  up  n  or  heating  the  furnace  in 
the  first  instance,  thus  raising  the  total  to  1/.  7*.  (»</.,  so  that  the  pud- 
dler  would  earn  1/.  lis.  3</.  per  week.  In  working  an  extra  quality 
of  metal,  such  as  rivet-iron,  which  requires  more  attention,  quick 
melting  down,  well  working  and  careful  balling,  etc.,  Is.  per  ton  in 
addition  was  given,  thus  making  an  extra  allowance  of  5s.  (kl.  per 
week,  so  that  the  entire  earnings  of  a  good  puddler  at  this  kind  of 
work  would  be  1/.  lf»,v.  per  week.  Puddlors  vary  considerably  in 
skill,  and  between  two  puddlers  in  a  fortnight  there  may  be  a  difference 
of  10  cwts.  in  tho  yield  of  puddled  bars.  Most  puddlers  work  until 
oO  years  of  age,  and  many  even  afterwards.  Puddling  is  probably  the 
severest  kind  of  labour  in  the  world;  yet  many  puddlers  attain  the 
ripe  age  of  70  years,  or  more.  The  majority  die  between  the  ages  of 
4o  and  o0  years  ;  and,  according  to  tho  returns  of  medical  men  to  the 
Registrar,  pneumonia,  or  inflammation  of  the  lungs,  is  the  most  fre- 
quent cause  of  their  death.  This  is  what  might  have  been  anticipated 
from  tho  fact  of  their  exposure  to  great  alternations  of  temperature 
under  the  condition  of  physical  exhaustion.  Mr.  Field,  optician,  Dir- 
mingham,  informs  me  that  puddlers  are  moreover  liable  to  cataract. 
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induced  by  the  intensely  bright  light  of  the  furnace  ;  that  he  has  seen 
a  great  number  of  such  cases,  and  supplied  the  patients  with  glasses. 

It  is  important  that  the  fusion  of  the  pig-iron  should  take  place 
rapidly,  in  order  to  avoid  unnecessary  waste ;  for  if  it  bo  too  slowly 
effected,  in  consequence  of  the  lemperature  not  being  high  enough, 
great  scaling  may  occur,  when,  as  the  men  say,  they  44  can  hear  it 
frizzling."  According  to  Mr.  Arkinstall,  if  the  furnace  is  worked 
44 cold,"  the  iron  produced  is  generally  red-short.  To  produce  good  iron 
the  44  boiling"  must  be  conducted  at  a  sufficiently  high  temperature. 
The  temperature  may  be  too  low,  either  by  closing  the  damper,  or  by 
defective  construction,  or  by  wearing  of  the  furnace. 

A  ball  withdrawn  from  the  furnace  before  it  has  been  sufficiently 
puddled,  and  which  has  in  consequence  to  be  put  back  into  the  fur- 
nace, is  termed  •«  a  cobble,"  and  the  puddler  who  has  produced  it  44  a 
cobbler." 

The  hammer-slag  employed  is  reported  to  bo  improved  by  keeping, 
and  alio  wring  it  to  become  rusty. 

The  wind  may  have  considerable  effect  on  the  working  of  the  fur- 
uace;  and  according  to  the  position  of  the  furnace,  with  respect  to 
exposure  to  wind,  the  size  of  the  flue  must  be  modified. 

About  24  cwts.  (of  120  lbs.  to  the  cwt.)  of  South  Staffordshire 
44  Thick-coal "  are  required  for  20  cwts.  (of  112  lbs.  to  the  cwt.)  of 
puddled  bar,  and  of  44  New  Mine  coal  "  about  2  cwts.  additional ;  and 
there  may  bo  a  difference  of  2  cwts.  in  the  amount  consumed,  according 
to  the  skill  of  the  puddler. 

Mr.  Arkinstall  states  that  22  cwts.,  and  sometimes  only  21|  cwts., 
of  pig-iron  yield  20  cwts.  of  puddled  bar. 

The  total  time  required  to  work  off  a  heat  varies  from  1  hour  to  1  i 
or  1$  hour. 

Hefined  iron  is  now  only  used  at  these  works  for  the  best  qualities 
<>f  hoop,  bav,  and  other  iron.  Its  effect  is  greatly  to  expedito  the 
process  of  puddling  ;  and  in  conjunction  with  it  extremely  grey 
pigs,  which  alone  could  not  be  profitably  treated,  may  bo  worked  with 
advantage. 

In  conducting  the  operation  of  puddling,  Mr.  Joseph  Hall,  a  man  of 
great  experience  in  the  manufacture  of  iron  in  South  Staffordshire, 
enforces  attention  to  the  following  rules  : — 44  First  charge  the  furnace 
with  good  forge  pig-iron,  adding,  if  required,  a  sufficiency  of  flux — in- 
creasing or  diminishing  the  same  in  proportion  to  the  quality  and 
nature  of  the  pig-iron  used.  Secondly,  melt  the  iron  to  a  boiling  or 
liquid  consistency.  Thirdly,  clear  the  iron  thoroughly  before  dropping 
down  the  damper.  Fourthly,  keep  a  plentiful  supply  of  fire  on  the 
grate.  Fifthly,  regulate  the  draught  of  the  furnace  by  the  damper. 
Sixthly,  work  the  iron  into  one  mass  before  it  is  divided  into  balls ; 
when  thus  in  balls,  take  the  whole  to  the  hammer  as  quickly  as  pos- 
sible, after  which  roll  the  same  into  bars  for  mill  purposes." 7 

At  the  Ebbw  Vale  Iron-works,  for  ordinary  descriptions  of  iron,  such 
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as  is  used  for  tho  middle  of  the  pile  in  making  rails,  common  white 
pig-iron,  as  it  comes  from  the  blast-furnace,  is  usually  puddled  in  ad- 
mixture with  the  same  pig-iron  refined,  in  the  proportion  of  about 
half  and  half,  or  J  of  the  former  and  {  of  the  latter.    Tho  charge  is 
4$  cwts.,  of  120  lbs.  to  the  cwt.     Hammer-slag  and  mill-scale  {i.e. 
scale  from  the  rolls)  are  added  in  variable  quantity,  according  to  the 
nature  of  tho  pig-iron  operated  upon.    Six  balls  are  usually  obtained 
at  a  heat,  and  7  heats  are  worked  off  in  12  hours  ;  but  with  grey  forge- 
pig  only  ()  heats,  of  4  cwts.  to  the  heat,  are  completed  in  the  same  time. 
With  white  pig-iron  the  cinder  is  only  tapped  off  at  about  every  other 
heat;  and  in  working  wholly  with  refined  metal  the  cinder  is  gene- 
rally not  tapped  off  more  frequently  than  once  in  a  turn  of  12  hours. 
This  is  owing  to  the  fact  that  refined  metal  is  nearly  free  from  silicon  ; 
and  the  cinder  is  less  fusible  than  that  yielded  by  grey  or  white  iron, 
and  contains  thereforo  a  larger  proportion  of  oxide  of  iron.    In  pud- 
dling refined  metal  in  the  same  furnace  during  an  entire  week  con- 
secutively, tho  layer  of  cinder  has  sometimes  become  so  thick  that, 
after  the  furnace  has  cooled  down,  it  has  been  necessary  to  cut  it  out, 
and  form  a  fresh  bottom  in  the  usual  way.    With  grey  iron,  on  the 
contrary,  the  opposite  condition  is  apt  to  occur;  and  there  is  difficulty 
in  keeping  tho  bottom  covered  with  a  layer  of  cinder  sufficiently  thick. 
With  white  pig  iron  [t.  e.  of  South  WalesJ,  which  invariably  contains 
more  sulphur  than  grey  pig-iron,  it  is  necessary  that  tho  balls  should 
bo  at  a  very  high  temperature ;  for  otherwise  they  would  crumble  to 
pieces  under  the  hammer  or  squeezers.    Accordingly  in  furnaces  in 
South  Wales,  where  such  pig-iron  is  being  puddled,  those  portions  of 
the  balls  which  stand  out  of  the  molten  cinder  may  be  seen  glowing 
with  intense  whiteness,  owing  to  the  combustion  of  the  iron,  and 
which  is  not  checked  by  putting  down  the  damper,  as  it  is  essential 
to  keep  up  the  temperature  vory  high.    It  is  at  this  stage  of  the 
process  that  much  waste  may  occur  from  the  formation  of  oxide  of  iron 
resulting  from  this  combustion.    W  ith  grey  pig-iron,  on  the  contrary, 
containing  less  sulphur,  this  high  temperature  is  not  necessary,  and  the 
waste  above  mentionod  may  in  a  great  degree  be  avoided  by  putting 
down  the  damper.    I  am  informed  by  a  friend  of  great  experience  in 
the  manufacture  of  iron  in  South  Wales,  that  the  presence  of  a  certain 
amount  of  phosphorus  will  enablo  balls,  obtained  from  puddling  white 
sulphury  pig-iron,  to  be  worked  at  a  lower  temperature,  though  the 
finished  bar  will  be  more  brittle  and  tender  when  cold.    This  state- 
ment is  founded  on  careful  experiments  on  the  large  scale. 

Theory  of  the  Process  of  Puddling. 

Supposing  tho  pig-iron  to  consist  only  of  carbon  and  iron,  the  object 
of  puddling  is  the  more  or  less  complete  removal  of  that  carbon;  and 
this  is  effected  partly  by  tho  direct  action  of  the  oxygen  of  the  air,  and 
partly  by  the  action  of  that  contained  cither  in  the  cinder  formed,  or 
the  oxidized  compounds  of  iron  added,  during  the  process.  That  the 
oxygen  existing  in  this  solid  state  of  combination  is  powerfully  ope- 
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rative  in  promoting  decarburization  of  the  pig-iron  may  bo  certainly 
inferred  d  priori:  but  the  copious  evolution,  from  the  surface  of  the 
molten  metal,  of  jets  of  carbonic  oxide,  which  burn  with  the  blue 
colour  characteristic  of  that  gas,  and  proceed  from  a  considerable 
depth,  as  is  proved  by  the  spirting  about  of  the  metal,  establishes 
beyond  question  the  fact  of  the  reaction  between  the  carbon  of 
the  pig-iron  and  the  oxygen  of  the  oxidized  compounds  of  iron, 
whereby  carbonic  oxide  is  formed  with  the  reduction  of  an  equi- 
valent proportion  of  oxide  of  iron.  The  duration  of  the  "boiling" 
stage  coincides  with  the  elimination  of  carbon  in  this  gaseous  state  of 
combination. 

In  order  to  burn  out  the  carbon,  it  is  necessary  at  the  samo  time,  in 
this  process,  to  oxidize  a  considerable  quantity  of  iron;  and  in  order 
that  the  pieces  of  malleable  iron  produced  should  be  collected  into 
balls,  it  is  obvious  that  their  surfaces,  which  are  brought  in  contact  at 
a  high  temperature  for  the  purpose  of  welding  them  together,  should 
not  be  coated  either  with  infusiblo  or  difficultly  fusible  oxide  ;  for  in 
that  case  the  interposed  oxido  would  prevent  metallic  contact  between 
the  pieces  of  malleablo  iron,  and,  consequently,  their  welding  to- 
gether. Now  silica,  as  we  have  seen,  combines  readily  with  protoxide 
of  iron,  and  forms  easily  fusible  silicates,  with  which  two  pieces  of 
iron  at  a  welding  heat  may  be  coated,  and  yet  weld  soundly  together 
under  pressure,  the  interposed  liquid  silicate  being  expelled  in  a 
greater  or  less  degree,  leaving  dean,  bright  metallic  surfaces  of  the 
metal  to  come  in  contact.  The  tribasic  silicate  of  protoxide  of  iron 
has  no  action  on  metallic  iron  at  high  temperatures,  and  would  indeed 
protect  the  suiface  fiom  oxidation  and  keep  it  bright.  Accordingly  it 
is  sought  to  produce  in  the  puddling-furnaco  a  silicate  of  this  kind, 
which  is  termed  "  a  welding  cinder."  Silica  is  supplied  by  the  sand 
adherent  to  the  surface  of  the  pig-iron,  when  this  has  been  cast  in 
sand,  by  the  materials  of  the  bed  of  the  furnace,  and  by  the  oxidation 
of  the  silicon  in  the  pig-iron,  which,  as  wo  havo  seen,  often  contains  a 
large  amount  of  that  element. 

We  have  hitherto  considered  the  case  of  the  decarburization  of  pig- 
iron,  supposed  to  contain  only  carbon ;  but  in  the  varieties  of  pig-iron 
actually  treated  in  the  puddling-furnace  other  elements  generally  or 
frequently  occur,  and  these  are  silicon,  sulphur,  phosphorus,  and 
manganese. 

Silicon  appears  to  be  easily  eliminated  from  pig-iron  by  the  action 
of  atmospheric  oxygen  on  the  molten  metal.  Price  and  Nicholson 
proved  that  in  the  operation  of  refining,  silicon  is  oxidized  before  tho 
carbon  ;  and  that  practically  the  whole  of  the  former  might  be  sepa- 
rated in  this  process  without  the  abstraction  of  any  sensible  amount  of 
carbon.'  Now  in  the  process  of  puddling,  silicon  may  be  removed  in 
like  manner  and  in  like  degree.  But  several  questions  of  interest 
here  naturally  suggest  themselves.    Is  the  silicon  directly  oxidized  by 


*  Specification  of  Putcnt  on  the  "  Manufacture  of  Cast  Iron."   A  D.  1855,  No. 
p.  4. 
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the  oxygen  of  the  air  on  the  molten  metal  ?  Is  silicon  oxidized  at  a 
high  temperature  by  the  action  of  protoxide  of  iron,  free  or  combined 
with  silica,  or  by  sesquioxide  of  iron  ?  There  can  be  no  doubt  that  an 
affirmative  reply  should  be  given  to  the  first  question,  the  oxidation 
of  the  silicon  being  accompanied  with  that  of  the  iron  in  a  degree  suffi- 
cient to  form  tribatdo  silicate  of  protoxide  of  iron  with  the  silica  gene- 
rated. That  silicon  would  reduce  sesquioxide  of  iron  at  a  high  tempe- 
rature to  protoxide,  with  tho  formation  of  the  same  silicate  of  protoxide 
of  iron,  I  have  little  doubt,  though  I  have  never  made  a  direct  experi- 
ment on  tho  point.  Whether  silicon  would,  at  a  high  temperature, 
reduce  protoxide  of  iron  free  or  combined,  is  more  doubtful,  and  has 
not,  so  far  as  I  am  aware,  been  determined  by  experiment.  I  am, 
however,  disposed  to  think  that  it  will,  but  not  the  protoxide  of  the 
monobasic  silicate  (FeO,  SiO*). 

Messrs.  Calvert  and  Johnson,  of  Manchester,  have  investigated  the 
chemical  changes  which  pig-iron  undergoes  during  its  conversion  into 
malleable  iron  in  the  process  of  puddling.9  The  carbon  and  silicon 
were  determined  in  portions  of  the  metal  taken  out  at  intervals  in  the 
course  of  one  heat,  and  their  results  are  presented  in  the  following 
Table 

Titnr  of  uklng  out.   Carbon  ^      Silicon  %. 


In  the  original  pijj-iron  ... 

2  275 

2-720 

Sample  No. 

|2k  io» 

2*726 

0  915 

1* 

2*900 

0- 11*7 

•  • 

3  

2  444 

0-194 

» • 

||  .2o» 

2*305 

0*182 

•  ♦ 

5  

1"  35- 

1647 

0*183 

« ♦ 

lh  40™ 

1*206 

0  103 

•  * 

I*  45m 

0*963 

0*168 

8  

11  50m 

0-772 

9*168 

Puddled  Uir 

•  - 

0  296 

0-120 

The  pig-iron  operated  on  was  good  No.  3  grey  cold  blast  Staffonl- 
shire.    Its  composition  was  as  under  : — 

Carbon   2  275 

Silicon    2-720 

Phosphorus    0  645 

Sulphur    0-301 

MaugniH  .se  and  aluminium    truces 

Iron    94-059 


100-000 


The  charge  of  pig-iron  was  224  lbs.,  and  before  it  was  introduced 
tho  furnace  *•  had  been  cleaned  out  with  malleable  scraps." 

From  tho  resulrs  above  recorded,  it  would  appear  that  not  only  is* 
largo  proportion  of  the  silicon  rapidly  abstracted  after  the  fusion  of  the 
pig  iron,  but  that  there  is  also  a  considerable  absolute  increase  in  the 
proportion  of  carbon.  If  the  silicon  be  first  in  great  measure  oxidized 
and  separated  as  silica,  which  there  is  no  reason  to  doubt,  its  removal 
must  be  attended  with  the  oxidation  and  separation  likewise  of  a  con- 


-  Phil.  Mag*.  Sept.  1S57 
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siderable  amount  of  iron;  and  consequently  there  must  be  a  corre- 
sponding relative  increase  in  the  proportion  of  carbon.  This  is  very 
plain  and  intelligible ;  but  the  absolute  increase  in  the  proportion  of 
carbon  found .  greatly  exceeds  what  may  bo  accounted  for  in  this 
manner,  and  1  do  not  understand  how  it  should  have  occurred.  On 
this  point  Messrs.  Calvert  and  Johnson  remark,  44  The  carbon  had  in- 
creased 0*625,  or  21*5%  °f  its  0W11  weight,  and  the  silicon  had  de- 
creased in  the  enormous  proportion  of  above  90  D/0.  It  is  probable  that 
these  opposite  chemical  act  ions  are  due,  in  the  case  of  the  carbon,  to  the 
excess  of  this  element  in  a  great  state  of  division,  or  in  a  nascent  state 
in  the  furnace,  and  that  under  the  influence  of  the  high  temperature  it 
combines  with  the  iron,  for  which  it  has  a  great  affinity,  whilst  the 
silicon  and  a  small  portion  of  iron  aro  oxidized  and  combined  together 
to  form  protosilicate  of  iron,  of  which  the  scoria  or  slag  produced 
during  this  first  stage  of  puddling  consists,  and  which  plays  such  an 
important  part  in  the  remaining  phenomena  of  the  puddling  process." 
This  explanation,  founded  on  excess  of  carbon  in  a  44  great  state  of 
division,"  or  in  a  44  nascent  state  in  the  furnace,"  is  beyond  my  com- 
prehension, and  I  must  leave  it  to  the  reader  to  interpret  it  as  he  best 
can.  It  must  obviously  bo  very  difficult  in  experiments  of  this  kind 
to  obtain  anything  like  fair  average  samples  for  analysis,  inasmuch  as  it  is 
probable  that  the  metal  may  not  have  precisely  the  same  composition 
at  one  time  in  every  part  of  the  bed.  Besides,  in  a  reverberatory 
furnace,  particles  of  carbonaceous  matter  are  carried  over  in  the  rapid 
current  of  gaseous  products  from  the  fireplace,  and  some  of  these  might 
easily  vitiate  the  results  by  becoming  entangled  in  the  metal.  I  cannot 
suppose  that  Messrs.  Calvert  and  Johnson  should  have  been  led  into 
error  from  this  cause,  though  it  is  well  to  bear  in  mind  the  possibility 
of  the  occurrence  of  such  a  cause  of  error. 

At  the  beginning  of  the  year  1850,  M.  Lan,  Professor  of  Metallurgy 
at  the  School  of  Miners,  Saint-Eticnne,  published  a  paper  upon  the  re- 
actions which  occur  in  the  conversion  of  pig-iron  into  steel  and  malle- 
able iron  in  the  charcoal  finery,  by  what  is  designated  the  Kivois  pro- 
cess, and  in  puddling.'  lie  arrived  at  the  same  conclusion  as  Calvert 
and  Johnson  concerning  the  elimination  of  the  silicon  before  the 
carbon ;  and  he  is  careful  to  inform  us  that  44  analyses  of  the  same 
kind,  and  leading  to  conclusions  in  part  the  same,  have  been  made  by 
Messrs.  Craco  Calvert  and  Johnson,  and  published  in  the  Annates  de 
Physique  et  de  Chimie,  in  April,  1858,  that  is  to  say  posteriorly  to  the 
commencement  of  my  researches,  and  the  confirmation  of  my  first 
results."  He  further  assures  us  that  he  began  to  study  the  reactions 
in  question  at  the  commencement  of  the  year  1857  ;  but  the  date  of  the 
beginning  of  Calvert  and  Johnson's  investigation  is  April  4,  1856." 
M.  Lan  has  therefore  no  claim  to  priority  over  these  gentlemen,  and 
still  less  over  Messrs.  Price  and  Nicholson,  who  stated  the  fact  in  the 

1  Ann.  des  Mines,  5.  s.  15.  I".  Livrui-   professeur  de  rne'tnllurgic  a  l'ficole  des 
son,  p.  85.    Etudes  sur  les  Keeietiona  de    roineure  de  Snint-Ktienne. 
rAffinnpe  des  Pontes  pour  Aeier  ou  pour       :  Phil.  Mag.  anle  cit. 
Per.    Pur  M.  Lan,  ingenieur  des  mines, 

Digitized  by  Google 


662  MIDDLING— THEORY  OF  THE  PROCESS. 

specification  of  their  patent  dated  November  20,  1855,  and  sealed  May 
16,  1856.  Some  modern  investigators  would  act  more  wisely  in  ob- 
truding their  claims  of  priority  of  so-called  discoveries  less  perti- 
naciously upon  the  attention  of  tho  public,  especially  if,  as  in  this 
instance,  they  have  no  foundation.  They  may  rest  assured  that  one 
day  or  other  all  such  claims  to  originality  will  be  carefully  sifted,  when 
the  spurious  will  bo  distinguished  from  the  genuine,  and  modest  merit 
receive  its  just  acknowledgment. 

Four  varieties  of  pig-iron  were  treated  in  the  Rivois  process,  two  of 
which  were  from  Savoy,  and  two  from  Dauphine\  Lan  has  given  the 
following  determinations  of  the  carbon,  silicon,  etc.,  which  they  con- 
tained per  cent. : — 

L         ii.  in.  iv. 

Carbon   5-17  600  4  85  4-80 

Silicon    0  88  2  00  1  70  1-44 

Hangmen    3  40  3  00  2*52  2-41 

Sulphur   traces  0  48  0  50  0-17 

Copper    truces  0  10  to  0- 15  0  05  to  0*10  0*05  to  0*10 

No.  I.  is  described  as  No.  1  grey  pig,  termed  "hot  pig-iron,"  with 
large,  loose,  brilliant,  graphitic  grains ;  No.  II.  as  No.  2  grey  pig-iron, 
closer  in  grain  and  less  graphitic ;  No.  III.  as  mottled  pig-iron;  and 
No.  IV.  as  white  lamellar  pig-iron,  with  large  crystallino  facets. 

Tho  per-centago  of  carbon  in  No.  II.  is  very  high,  and  Lan  accounts 
for  this  on  the  supposition  that  the  specimen  prepared  for  analysis 
"  doubtless  contained  some  nests  of  graphite." 

The  mean  composition  of  the  charge  of  pig-iron  was  as  under  : — 

Per  cent. 

Carbon   5*23 

Silicon    1-57 

Man^um  bo    2  73 

Sulphur   .  0-30 

Copper   0  05  to  0-10 

Specimens  were  taken  out  of  the  hearth  at  successive  stages— the 
first  immediately  after  fusion  of  the  pig-iron — and  analysed.  The  per- 
centago  results  are  as  under:  — 

I.  II.  III.  IV.  V. 

Carbon    5  05              4  -25  5  00  5  04  3  30 

Silicon   150              0-48  0-00  0  85  000 

Manganese...  2  55          not  detenu.  0  30  2-51  not  det»  mi. 

Sulphur    0  *25              0  11  0  13  0  19         0  17 

Copper   0  05to010    0  15  to  0' 10  0l5to010  0  10         0  05 

Immediately  after  melting  down,  the  pig-iron  appears  to  have  be- 
come 0-42  7C  richer  in  carbon,  and  to  have  lost  0'07  %  of  silicon.  This 
result  certainly  needs  confirmation,  "supposing,"  as  Lan  remarks, 
"  that  errors  of  analysis  will  not  suffice  to  produce  these  differences." 
Hut  No.  III.  analysis,  when  compared  with  No.  II.,  is  more  puzzling, 
for  tho  carbon  in  it  actually  exceeds  that  in  No.  II.  by  1 'lib °/0,  No.  111. 
also  contains  012  %  more  silicon  than  No.  II.  The  explanation  pro- 
posed by  Lan  is,  that  the  ladle  used  in  taking  the  specimen  No.  III. 
may  have  plunged  a  little  deeper  into  the  melted  pig-iron  than  in  the 
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case  of  No.  II. ;  for  44  the  analysis  of  No.  IV.,  for  example,  shows  that 
at  a  slight  depth  below  the  surface  of  the  hath  the  pig-iron  remains 
nearly  the  same  as  when  first  fused."  Lan  alludes  to  these  differences 
as  slight  ("petits  e'carts"),  but  I  confess  that  to  me  they  appear  con- 
siderable. Now  if  the  bath  of  molten  metal  may  thus  vary  sensibly  in 
composition  in  different  parts,  what  satisfactory  result  can  bo  oxpccted 
from  the  analysis  of  a  portion  taken  out  by  a  ladle,  which,  if  immersed 
say  an  inch  more  or  less,  will  remove  metal  differing  sensibly  in  com- 
position ?  The  suggestion  of  Lan  himself  as  to  this  source  of  error,  and 
which  ho  very  properly  raises,  is  sufficient  to  shake  our  confidence  in 
the  value  of  his  analytical  results. 

Lan  conducted  other  experiments  to  determine  the  changes  which 
take  place  during  the  conversion  of  pig-iron  into  puddled  steel,  and 
found  that  the  greater  part  of  tho  silicon  was  abstracted  before  the 
removal  of  any  of  the  carbon,  just  as  in  the  Kivois  charcoal  finery. 

With  regard  to  sulphur,  its  elimination  in  tho  puddling-furnace  is 
always,  so  far  as  my  knowledge  extends,  very  imperfect.  It  may  pos- 
sibly be  oxidized  by  the  oxygon  of  the  air,  or  by  that  contained  in  the 
oxidized  compounds  of  iron  present :  but  some  of  it  appears  to  pass 
into  the  cinder  in  the  state  of  sulphide  of  iron,  as  sulphuretted  hydro- 
gen is  often  unmistakably  evolved  from  tap-cinder  by  the  action  of 
hydrochloric  acid. 

Phosphorus  is  certainly  separated  in  a  considerable  degree  from  pig- 
iron  in  the  process  of  puddling,  and  maybe  found  in  the  cinder  as  phos- 
phoric acid  in  combination  with  protoxide  of  iron.  I  think  it  possible 
that  some  of  it  may  pass  into  the  cinder  as  phosphide  of  iron.  It 
exists  in  the  pig-iron  as  phosphide  of  iron,  dissolved  or  diffused. 
Phosphide  of  iron  containing,  or  in  contact  with,  a  large  excess  of  iron, 
would  be  oxidized  at  a  high  temperature  by  tho  oxygen  of  the  air, 
forming  phosphate  of  protoxide  or  sesquioxido  of  iron,  or  a  compound 
or  mixture  of  these  phosphates,  the  excess  of  iron  being  supposed  to 
bo  likewiso  oxidized.  I  do  not  certainly  know  what  action  takes 
place  at  a  high  temperature  between  phosphide  of  iron  and  the  oxides 
or  silicates  of  protoxide  of  iron.  These  are  points  which  require  in- 
vestigation. 

Thero  is,  however,  one  fact  in  connection  with  this  subject  of  the 
highest  practical  importance,  viz.,  that  when  air  is  blown  through 
molten  pig-iron,  as  in  Bessemer  s  process  to  be  described  in  the  sequel, 
silicon  and  caibon  may  bo  completely  removed,  while  scarcely  any  of 
tho  phosphoms  escapes.  So  small,  indeed,  is  the  amount  of  phos- 
phorus separated  in  this  process,  that  tho  resulting  decaiburized  and 
desiliciurized  molten  malleable  iron  contains  more  phosphorus  than  the 
original  pig-iron.  I  ascertained  this  fact  in  1856  immediately  after 
Mr.  Bessemer  showed  mo  his  process  in  operation  at  Baxter  House, 
when  I  took  specimens  both  of  the  iron  and  cinder,  which  were  ana- 
lysed in  my  laboratory  by  Mr.  Dick.  The  iron  contained  113%  of 
phosphorus,  and  the  accompanying  cinder  only  0*34  70  of  phosphoric 
acid.  Tho  correctness  of  these  results  has  since  l>cen  amply  confirmed, 
as  will  hereafter  be  shown.    Now,  in  the  operation  of  puddling  the 
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results  are  precisely  the  reverse  ;  for  the  malleable  iron  produced  con- 
tains much  less  phosphorus  than  the  original  pig-iron,  and  the  accom- 
panying cinder  a  comparatively  large  quantity  of  phosphoric  acid,  say 
from  3  -/0  to  5  ■  .  or  more.    Hence  it  is  clear,  that  by  the  direct  action 
of  the  ox\  gen  of  the  air  upon  molten  pig-iron,  or  even  molten  malle- 
able iron,  phosphorus  is  not  eliminated  in  a  sensible  degree.    To  what, 
then,  are  we  to  ascribe  the  opposite  result,  which  occurs  in  the  process 
of  puddling,  in  which  there  is  powerful  oxidizing  agency  at  work  ? 
Is  it  due  to  the  effect  of  the  liquid  cinder  ?    Although  I  cannot  answer 
these  quest  iouh  in  a  satisfactory  manner,  yet  I  will  venture  upon  a 
conjecture,  which  1  have  long  regarded  as  at  least  plausible. 

In  the  pudd ling-furnace  the  iron  as  it  "  comes  to  nature,'"  separates 
in  a  semi-solid  or  somewhat  pasty  state,  and  is  not  molten,  as  it  is  in 
Bessvmer's  process,  the  temperature  in  the  former  case  being  much 
below  that  in  the  latter,  in  which  intense  heat  is  developed  by  the 
actual  combustion  of  iron.  Owing  to  the  formation  and  persistency  of 
the*e  pasty  lumps  in  the  puddling-fumace,  which  when  collected  into 
bulls  extend  considerably  above  the  surface  of  the  bath  of  ciuder,  op- 
portunity is  afforded  for  the  liquation  or  sweating  out  of  any  fusible 
compounds  of  iron,  such  as  phosphide  ;  and  it  is  in  this  manner  that  I 
<vnceive  the  removal  of  the  phosphorus  may  in  great  measure  be 
effected.  The  following  faot,  confirmed  by  the  experiments  of  my 
friend,  Mr.  Abel,  at  the  Hoyal  Arsenal,  Woolwich,  would  seem  to 
favour  this  view.  When  pig-iron,  containing  phosphorus  in  sensible 
quantity,  is  reiuelted  and  cast,  that  portion  of  the  metal  which  solidi- 
ties last  will  be  found  to  be  richer  in  phosphorus  than  the  other  portion 
of  the  easting. 

The  elimination  of  phosphorus  during  tho  conversion  of  pig-iron 
into  malleable  iron  is  a  problem  of  the  highest  practical  importance  in 
this  and  other  countries,  where  the  ores  smelted  for  the  most  part  con- 
tain phosphoric  acid.  We  have  eeen  that  in  the  process  of  puddling 
a  considerable  amount  of  the  phosphorus  passes  from  the  pig-iron  into 
tho  cinder,  the  reverse  of  what  takes  placo  in  the  Bessemer  process. 
These  considerations  suggested  to  Mr.  Tarry  an  ingenious  method  of 
producing  iron  practically  free  from  phosphorus  from  scrap  wroiujti- 
iron,  such  as  the  crop-ends  of  rails,  etc  ,  of  which  a  large  quantity  is 
generally  to  be  found  in  forges.  Tho  scrap  is  melted  with  coke  in  a 
cupola,  having  a  particular  arrangement  of  twyers,  whereby  it  is  rapidly 
converted,  at  the  rate  of  about  1  ton  per  hour,  into  cast-iron,  contain- 
ing on  the  average  2%  of  carbon.  This  cast-iron  being  derived  from 
wrought-iron,  Is  impregnated  with  only  a  smaU  proportion  of  phos- 
phorus ;  and,  when  re-puddled,  the  greater  part  of  that  phosphorus 
passes  into  the  tap-cinder,  thus  yielding  puddled  bars  practically  free 
from  phosphorus.  Dr.  Noad  has  examined  the  pig-iron  so  made,  and 
was  unable  to  detect  in  it  the  presence  even  of  a  trace  of  phosphorus. 
An  armour-plate  for  ships  of  war  has  been  manufactured  with  iron 
prepared  by  this  process  by  the  Ebbw  Vale  Iron  Company,  under  Mr. 
Parry's  supervision,  and  tested  at  Shoeburyuess.  A  portion  of  the 
plate,  examined  in  my  laboratory,  certainly  contained  phosphoric. 
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though  in  minute  quantity.  Mr.  Parry  estimated  that  this  twice 
puddled  iron  might  be  produced  at  tho  cost  of  about  8/.  per  ton.  The 
process  has  been  patented  hy  the  inventor,  and  I  present  the  following 
extracts  from  the  specification,  which  will  again  be  referred  to  under 
the  head  of  Steel.'  The  cupola  furnace  resembles  those  which  are 
commonly  used  in  foundries  for  melting  pig-iron,  but  in  addition  to 
the  ordinary  horizontal  twyer,  is  a  second  smaller  and  opposite  twyer, 
inclined  downwards  at  an  angle  between  30°  and  45°.  It  is  by 
means  of  this  inclined  twyer  that  rapid  carburization  of  the  iron 
takes  place. 

M  Sufficient  fuel  having  boon  supplied  to  the  furnaco  for  the  purpose 
of  getting  up  the  heat,  I  charge  the  furnace  with  about  7  cwts.  of  coke 
(with  sufficient  lime  to  flux  the  ash  of  the  coke)  to  every  ton  of 
wrought  iron,  applying  these  materials  in  successive  quantities  of  from 
If  cwt.  to  1^  cwt.  of  coke  to  4  cwts.  of  iron,  which  will  be  found  a 
convenient  quantity  for  each  charge.  The  converting  furnace  [i.e.  the 
cupola]  being  filled  and  the  blast  put  on,  the  furnace  should  bo  kept 
nearly  full  during  the  continuance  of  the  operation,  or  the  iron  will 
not  have  taken  up  a  sufficient  dose  of  carbon,  and  unless  this  be  done 
the  subsequent  treatment  of  the  iron  in  the  puddling-fumace  will  be 
useless ;  the  presence  of  a  certain  amount  of  carbon  in  combination 
with  the  metal  being  necessary  to  produce  the  4  boil,'  without  which 
no  efficient  refining  of  the  iron  will  take  place.  With  a  small  furnace 
24  ft.  square,  rounded  at  the  angles,  and  from  10  ft.  to  15  ft.  high, 
blown  by  one  horizontal  twyer  having  a  nozzle  of  2£  in.  diameter,  and 
one  inclined  twyer  of  1^  in.  diameter;  with  a  pressure  of  blast  of 
2|  lbs.  to  3  lbs.  on  the  square  inch,  I  have  been  able  to  carburize 

and  run  out  1  ton  of  iron  per  hour  There  is  little  or  no  loss  of 

metal  in  carrying  out  this  carburizing  process  when  clean  wrought- 
iron  is  employed ;  the  small  quantity  of  iron  oxidized,  and  which 
passes  off  with  the  slag,  being  replaced  by  carbon.  Tho  niinuto  por- 
tion of  silicon  in  this  carburizod  wrought-iron,  as  compared  with  that 
contained  in  crude  pig-iron,  does  not  admit  of  slag  being  formed  to 
any  extent  when  air  is  blown  into  it  while  in  the  fluid  state ;  but  the 
oxide  formed  would  pass  out  at  the  top  of  the  furnace  as  a  dense 
brown  smoke,  and  entail  a  loss,  were  it  not  that  the  column  of  incan- 
descent fuel  above  reduces  it  to  the  metallic  state  and  intercepts  it.  I 
find  that  a  height  of  furnace  from  8  ft.  to  10  ft.  is  sufficient  to  effect 
this  reduction,  and  prevent  tho  loss  of  metal  by  sublimation.  When 
the  charge  of  scrap  or  puddled  iron  has  been  subjected  to  the  blast  a 
sufficient  time  to  bring  down,  say  a  ton  of  the  carburized  metal,  I  tap 
the  furnace,  and  run  the  metal  into  moulds  as  is  usually  done  with 
pig-iron  intended  for  puddling,  and  1  otherwise  treat  it  in  a  similar 
manner  to  iron  prepared  for  puddling  (that  is  to  say),  I  now  submit 
the  carburized,  wrought,  or  scrap  iron  to  the  operation  of  puddling  in 
an  ordinary  puddling-fumace,  and  by  that  means  cause  it  to  give  up 
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or  part  with  the  impurities  remaining  therein,  after  the  first  puddling 
process.  The  metal  1  remove  as  puddled  balls,  which  may  then  be 
submitted  to  the  ordinary  rolls,  for  the  purpose  of  being  reduced  to 
the  form  of  merchant  or  other  bars.  This  completes  (in  general)  the 
process  of  making  my  1  purified  wrought-iron,'  which  may  be  subse- 
quently converted  into  cast-steel,  or  applied  to  other  uses.  When, 
however,  a  still  purer  quality  of  iron  is  required,  I  repeat  the  convert- 
ing or  carburizing  process,  and  then  subject  the  metal  to  the  puddling 
process  as  before.  I  would  here  remark  that  by  taking  the  thoroughly 
puddled  iron  from  the  furnace  in  small  balls  or  pieces,  the  cost  of 
lulling  the  same  into  bars,  and  cutting  those  bars  up  by  shears  into 
pieces  suitable  for  undergoing  a  second  carburization,  or  for  conversion 
into  hard  or  soft  steel,  will  bo  avoided.  The  pieces  of  wrought-iron 
intended  for  carburization  should  not  be  too  large,  not  much  exceeding 
the  size  of  a  railway  bar  cut  up  into  lengths  of  4  in.  to  6  in.  Cinder 
iron,  of  which  nearly  tho  whole  of  the  railway  bars  laid  down  have 
been  manufactured,  becomes  by  sufficient  carburization  in  my  convert- 
ing furnace,  and  subsequent  puddling,  equal  in  value  to  the  best 
brands  of  mine  iron,  and  may  be  used  for  the  like  purposes,  or  be  con- 
verted into  cast-steel  ;  thus  the  iron  rails  now  in  use,  as  they  suc- 
cessively become  worn  out,  may  by  this  invention  be  converted  into 

durable  cast-steel  rails  From  some  years'  experience  in  the 

analysis  of  irons,  I  have  always  found  that  the  effect  of  puddling  is  to 
reduce  tho  quantity  of  sulphur  to  about  4,  and  of  phosphorus  from  |  to 
V  of  that  originally  contained  in  the  pig-iron.  It  will  thus  be  seen 
that  when  such  purified  iron  has  been  sufficiently  carburized  in  my 
converting  furnace  and  again  puddled,  the  impurities  above  named 
become  almost  entirely  removed,  and  the  iron  is  fitted  for  conversion 
into  best  cast  steel  by  this  invention.  I  have  found  it  desirable  when 
using  sulphury  coke  in  the  converting  furnace,  to  add  as  much  lime  as 
the  ash  will  bear,  but  not  such  an  excess  as  to  thicken  the  cinder  and 
clog  up  the  furnace.  Tho  coke  should  also  when  in  a  dry  state  be 
immersed  in  brine  or  a  solution  of  carbonate  of  soda  for  a  few  days 
previous  to  use.  The  brine  or  carbonate  of  soda  when  thus  intimately 
diffused  through  the  whole  substance  of  the  coke  will  effectually  seize 
the  sulphur  and  carry  it  off  in  the  slag,  and  thus  prevent  the  contami- 
nation of  the  metal.  Carbonate  of  soda  or  any  other  cheap  alkali  l  in  a 
dry  state)  may  also  bo  introduced  at  the  top  of  the  furnace  with  the 
charges,  but  tho  use  of  alkalies  for  seizing  the  sulphur  of  the  coke 
forms  no  part  of  my  invention." 

Mr.  Parry's  process  appears  to  me  to  be  founded  on  correct  prin- 
ciples; but  its  adoption  must  depend  on  the  cost  of  production  rela- 
tively to  the  market  value  of  the  quality  of  iron  which  it  yields.  It 
has  been  carefully  tested  by  actual  practice  at  the  Ebbw  Vale  Iron- 
works, and  not  less  than  80  tons  of  metal  have  been  made  by  it.  ttar- 
iron,  practically  free  from  Milphur  and  phosphorus,  might  successfully 
eompete  with  Swedish  or  Knssian  iron  for  the  manufacture  of  steel, 
and  would  l»e  cheap  at  considerably  more  than  8/.  per  ton. 

The  brown  smoke,  which  Mr.  Parry  describes,  deserves  particular 
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attention.  I  have  minutely  interrogated  him  on  the  subject,  and  am 
satisfied  of  the  entire  accuracy  of  his  statement  regarding  it.  It  is  a 
Tery  singular  and  interesting  fact.  It  may  be  seen  at  a  great  distance, 
and  in  a  furnace  3  ft.  high  there  was  a  loss  of  4  cwts.  to  the  ton  by 
the  sublimation  of  oxide  of  iron.  The  late  Mr.  Joseph  Hall,  of  whom 
hereafter  particular  mention  will  be  made,  previously  announced  that 
great  loss  of  iron  might  occur  from  vaporization  44  at  a  very  high  tem- 
perature and  he  records  one  instance  in  which,  "after  placing 
4  cwts.  of  iron  in  the  furnace,  it  was  found,  on  finishing  the  process, 
that  only  1  cwt.  remained,  the  other  3  cwts.,  excepting  the  scoria, 
having  escaped  in  the  shape  of  vapour  or  gas."  *  There  may  have 
been  a  mistake  in  the  observations,  nevertheless  the  announcement 
deserves  to  be  mentioned. 

Mr.  Parry  has  communicated  to  me  some  singular  results,  which 
ihould  be  recorded  in  this  place.  He  has  proposed,  what  ho  de- 
signates, a  steam-refinery,  which  is  in  successful  operation  at  the  Ebbw 
Vale  Iron-works.  It  is* simply  a  reverberatory  furnace  having  a  very 
high  fire-bridge,  so  that  the  flame  seems  to  come  down  from  the  roof, 
and  play  directly  upon  the  molten  metal  underneath.  It  is  built  in 
front  of  a  blast-furnace,  from  which  about  35  cwts.  of  pig-iron  are  run 
into  it  at  a  time.  There  are  2  air-twyers,  \\  in.  diameter  each,  and 
1  water-twycr,  1  \  in.  diameter,  from  the  centre  of  which  a  jet  of  super-, 
heated  steam,  \  in.  diameter,  escapes,  carrying  with  it  into  the  furnace 
by  the  induced  current  a  largo  quantity  of  atmospheric  air.  The 
effect  of  the  steam  is  to  remove  some  sulphur  from  the  pig-iron ;  but 
its  effect,  in  removing  phosphorus  and  sulphur  from  the  cinder  is 
reported  to  be  ten  times  greater,  the  cinder  subsequently  tapped  out 
being  as  free  from  these  ingredients  as  most  iron-ores.  But  when 
the  cinder  is  44  steamed"  alone,  the  effect  is  comparatively  feeble. 
The  consumption  of  coal  is  2  cwts.  to  the  ton  of  refined  metal ;  whereas 
in  the  old  refinery  0  cwts.  of  coke  are  consumed  for  the  same  quantity 
of  refined  metal,  besides  that  required  to  produce  blast  for  G  twycrs. 
it  will  be  specially  noted  that  a  subjacent  stratum  of  molten  pig-iron 
is  stated  to  be  essential  to  the  dephosphurization  and  desulphurization 
of  tho  cinder.  Mr.  Parry  supposes  that  both  phosphorus  and  sulphur 
escape  as  phosphuretted  and  sulphuretted  hydrogen  respectively  ; 
and  if  this  be  so,  the  hydrogen  developed  by  the  action  of  the  steam 
Upon  the  molten  metal  may  play  an  important  part  in  these  actions. 

It  deserves  to  be  mentioned  that,  many  years  previously,  Guenyveau 
recommended  a  mixture  of  atmospheric  air  and  steam  as  a  powerful 
means  of  oxidation,  when  projected  upon  molten  pig-iron  in  apuddling- 
furnace.5 

Manganese,  being  more  oxidizablo  than  iron,  is  readily  separated 
in  the  operation  of  puddling,  and  passes  into  tho  cinder,  combining 
with  silica  to  form  silicate  of  protoxide. 


4  The  Iron  Quei4ion,  p.  42. 
*  Nouveaux  Prtx-ok'B  pour  fulirupier  la 
Poult  it  le  Pel  en  Barrea.    Pur  A.  Uut- 


nyveau,  Inge'riieur  en  chef  et  profeeseur 
de  Mineralurgie  u  lKcole  Royule  des 
Mine*  de  France.    Paris,  1H3:>.  8m  p.  63. 
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With  respect  to  the  minute  proportions  of  aluminium,  calcium, 
magnesium,  etc.,  occasionally  present  in  pig-iron,  it  is  easy  to  under- 
stand how  they  should  more  or  less  completely  be  removed  by  oxida- 
tion, either  by  the  direct  action  of  the  oxygen  of  the  air,  or  by  that 
of  the  oxygen  on  the  oxidized  compounds  of  iron  in  the  bed  of  the 
furnace. 

Analyses  of  Tap-Cinder. 


l  ii.  in.      iv.       y.  vi 

Silica                                7  71  832  1 1  * 7*3  29  GO  23*88  15  30 

Protoxide  of  iron              06  32  57  07  58  07  48  43  39  83  00  H 

Seequioxide  of  iron              8  27  13  53  17  00  17  11  23  75  10  42 

Protoxide  of  uwiij^anwe     129  0  78  0*57        113        0*17  2*» 

Alumina                            I  03  1'88  2*84         1  28         091  tract* 

Lime                                3*91  4  70  2  88        0  47        0'28  0  70 

Magnesia                          0'34  026  0  29        035        024  0  42 

Sulphide  of  iruiuF^)   7-07  3  11        1  61        0  02 

Sulphur                            178  ..  ..  ..  traces 

Phosphoric  acid                8  07  7'29  4-27        1  34        642  4  00 

Copper                              trnceB  traces 


9932    101-50     101-39     101  32     102  08     99  93 


Metallic  iron  %    57  37     58  04  4  4  22      47  60    58  20 


I.  By  Mr.  E.  Kiley,  at  the  Dowlais  Iron- works.  It  was  produced 
in  **  boiling"  common  white  pig-iron  alono,  for  the  middle  of  rails. 
II.  Also  by  .Mr.  Kiley.  Described  simply  as  "  forge-cinder,"  produced 
iu  a  furnace  working  with  limestone  boshes,  t.  e.  the  sides  of  the  bed 
lined  with  limestone.  Both  these  cinders  appear  to  be  mixtures  of 
tribasic  silicate  of  protoxide  with  magnetic  oxide  of  iron. 

III.  By  Mr.  Kiley.  The  cinder  was  produced  at  Dowlais  in  a  fur- 
nace working  with  boshes  of  red  ore,  and  from  50  lbs.  to  60  lbs.  of 
red  ore  were  thrown  in  at  every  heat.  The  quality  of  the  pig-iron 
operated  upon  in  forming  both  this  and  the  cinder  in  No.  II.  was  very 
bad,  having  beeu  made  with  large  quantities  of  cinder  and  blackball, 
of  bad  quality.  The  iron  was  rotten  under  the  rolls,  and  by  the  use 
of  red  ore  in  the  puddling-furnace  this  defect  was  to  a  certain  extent 
remedied.  The  proportion  of  sulphur  was  less  than  half  that  in  the 
cinder  of  Xo.  II.;  and  Mr.  Kiley  suggests  that  that  element  may  be 
partially  oxidized  by  the  red  ore. 

I V.  By  the  Author.  The  specimen  was  in  distinct,  beautiful,  bright, 
black  crystals,  of  iron  chrysolite  or  olivine,  belonging  to  the  prismatic 
system.  Their  hardness  was  equal  to  0,  and  their  specific  gravity  at 
18'0L\  4-080.V  It  was  found  by  Mr.  John  Dawes  in  the  flue  of  a 
puddling-furnace  at  the  Kroinford  Iron-works,  where  it  had  probably 
been  exposed  to  a  high  temperature  for  a  considerable  time.  1  have 
previously  referred  to  this  slag,  of  which,  estimating  the  whole  of  the 
iron  as  protoxide,  the  formula  closely  approximates  to  oFeO,  SiO*. 
The  presence  of  sesquioxide  of  iron  has  also  been  considered,  and  U 
easily  explained  by  the  fact  that  this  silicate  absorbs  oxygen  at  a 

*  Kep.  on  Crystalline  Stags,  ante  cgf. 
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high  temperature.  V.  By  the  Author.  This  specimen  was  found  by 
Mr.  C.  Twamley,  in  a  heap  of  44  bull-dog,"  at  the  Bloomfield  Iron- works, 
Tipton,  Staffordshire.  It  was  in  large  iron-grey  crystals,  too  dull  for 
admeasurement  by  the  reflective  goniometer;  but  they  were  sufficiently 
distinct  to  leave  no  doubt  as  to  the  fact  of  their  being  identical  in 
form  with  No.  IV.  The  specific  gravity,at  18°2C,  was  4-1885.  It 
strongly  attracted  the  magnetic  needle.  I  have  previously  considered 
the  composition  of  this  slag,  which  is  certainly  to  be  regarded  as 
psendomorphous.  It  was  originally  tribasic  silicate  of  protoxide  of 
iron,  which  has  been  in  part  converted  into  sesquioxide  during  the 
process  of  calcining  tap-cinder  to  be  used  as  44  bull-dog."  VI.  Analyst 
not  known.  I  received  the  analysis  many  years  ago  from  the  late 
Mr.  Barker,  of  the  Chillington  Iron-works,  near  Wolverhampton.  The 
cinder  appears  to  be  a  mixture  of  tribasic  silicate  of  protoxide  with 
magnetic  oxide  of  iron. 

With  reference  to  the  use  of  limestone  for  protecting  the  sides  of 
the  bed  of  the  puddling-fumace,  Mr.  John  Gibbons,  an  experienced 
smelter  and  manufacturer  of  iron  in  South  Staffordshire,  has  published 
the  following  observations ; — 44 1  know  that  it  has  been  frequently 
tried,  and  as  frequently  abandoned  by  many,  under  the  idea  of  its 
causing  unsoundness  in  the  iron ;  and  unless  most  carefully  used  it 
has  certainly  this  tendency.  I  have,  therefore  (particularly  when 
making  best  iron),  been  in  the  habit  of  mixing  with  it,  or  substituting 
for  it,  the  red  Newcastle  mine  [  North  Staffordshire  4  red  mine :'  seo 
Table  of  the  Composition  of  Iron-OresJ  and  burnt  fop-cinder  [4  bull- 
dog'], the  limestone  about  the  bridge  and  the  hotter  parts  of  the 
furnace,  the  other  materials  either  partially  or  altogether  elsewhere. 
The  Ume8tono  resists  the  firo  best,  and  I  have  a  notion  that  it  eon- 
tributes  to  the  toughness  of  the  iron  ;  it  has  the  effect,  too,  of  con- 
siderably improving  the  yield  ;  why,  I  cannot  imagine,  but  so  it  is, — 
still  the  other  materials  are  safer  to  use."7 

According  to  Mr.  Arkinstalls  experience,  iron  puddled  with  lime- 
stono  fettling  is  always  rotten  and  red-short,  being  often  completely 
spoiled.  He  states  that  by  its  use  a  thick  cinder  is  formed,  and  the 
iron  is  certainly  not  toughened 

I  was  informed  at  the  Cyfartha  Works  that  limestone  boshes  had 
been  tried  in  the  puddling-furnaces  there,  and  with  the  effect  of 
making  the  iron  very  red-short.  Iron  bottoms  were  used  with  sides  of 
firebrick,  fettled  with  clay.  Neither  44 bull-dog"  nor  red  ore  was 
employed  (1859). 

At  Pontypool,  iron  bottoms  made  of  boiler-plate  scrap  were  used  ; 
and  the  sides  were  of  firebrick,  fettled  with  a  mixlure  of  44  foxtail  " 
(i.  e.  cinder  from  the  charcoal  finery)  and  sandstone  (1850). 

Intention  of  the  boiling  process.—"  Tig-boiling"  is  the  expression  usually 
applied  to  this  process.  It  consists  essentially,  as  wo  have  seen,  in 
the  decarburization  of  the  pig-iron  by  contact  with  oxidized  com- 


7  Practical  Remarks  on  the  Use  of  the  j  on  the  Management  of  the  Forge  and 
Ciader  Pig  in  the  Puddling  Fnrnan» ;  ami  |  Mill.    London,  Sv<>.  1844,  p.  21. 
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pounds  of  iron,  whereby  carbonic  oxide  is  produced  below  the  surface 
of  the  molten  metal,  and  in  escaping  causes  the  apjxara/ice  of  ebullition 
or  '*  boiling."  The  phenomenon,  it  need  hardly  be  observed,  is  not 
actual  ebullition,  but  simply  effervescence,  resembling  that  due  to  the 
evolution  of  carbonic  acid  from  soda-water.  In  this  process,  the  bed 
of  the  furnace,  in  which  fusion  of  the  pig-iron  takes  place,  is  coated 
with  solid  oxidized  compounds  of  iron,  and  there  is  also  a  stratum  of 
liquid  cinder,  of  which  the  chief  constituent  is  protoxide  of  iron. 
Hence,  this  process  of  puddling  is  termed  44  wet,"  in  contradistinction 
to  the  old  method  of  working  on  saud-bottouis,  which  is  termed  "dry" 
from  the  absence  of  such  a  bath  of  cinder.  The  merit  of  introducing 
•4  wet  "  puddling  or  44  pig-boiling  "  is  ascribed,  and,  as  I  believe,  witli 
reason,  to  the  late  Mr.  Joseph  Hall,  of  the  Bloomfield  Jron-works. 
Tipton,  Staffordshire ;  but  that  merit  has  been  disputed,  and  in  this 
respect  Mr.  Hall  has  only  met  with  the  fate  which  seems  especially 
to  have  befallen  the  authors  of  every  other  improvement  of  importance 
in  the  smelting  and  manufacture  of  iron.  Mr.  Hall,  whom  I  knew 
personally,  was,  undoubtedly,  one  of  the  most  experienced  and  skilful 
producers  of  wrought-iron  in  South  Staffordshire  ;  and  no  firm  in  that 
county  has  enjoyed  a  higher  reputation  for  the  quality  of  its  manu- 
factured iron,  for  example,  boiler-plates,  than  Bradley,  Barrows,  and 
Hall.  Mr.  Hall  died  in  1862,  having  attained  the  age  of  72  ;  and  five 
years  previously  he  published  a  little  volume,  in  which  he  asserted  his 
claim  as  the  inventor  of  "pig-boiling"  and  other  improvements  con- 
nected with  puddling,  in  a  manner  as  ostentatious  as  it  was  injudi- 
cious.' He  was  essentially  the  practical  man;  and,  as  is  usual  with 
men  of  that  class,  he  displayed  much  ignorance  of  the  science  of  his 
art,  and  not  a  little  inclination  to  dogmatize.  It  is  to  be  regretted 
that  Mr.  Hall  ever  appeared  before  the  world  in  the  capacity  of 
author. 

Mr.  Hall  sought  to  establish  his  reputation  as  an  inventor  on  three 
grounds  first,  44  the  substitution  of  cinder  for  sand  upon  the  plates 
for  the  pudd ling-furnace  bottoms,"  to  which  ho  was  accidentally  led 
by  attempts  to  save  and  work  up  the  residue,  rich  in  iron,  of  forges, 
such  as  44  the  contents  of  puddlers'  boshes;"  secondly,  an  improved 
construction  of  iron  bottoms,  consisting  of  44  a  frame  of  plates,  united 
one  to  another,  all  round  the  inside  of  the  furnace,  of  a  height  of  about 
15  in.  or  10  in.,  with  a  projection  of  fire-brick  hanging  over  the  top  of 
the  plates."  an  idea  which,  ho  informs  us,  44  was  the  result  of  years 
of  brain-work,"  and  of  44  incessant  thought  by  night  and  by  day;"  and 
thirdly,  the  application  of  roasted  tap-cinder  or  44  bull-dog."  He 
further  declares,  that  neither  for  44  the  pig-loiluig  principle  with  its 
furnace"  which,  if  they  had  been  secured  by  patent,  he  believes 44  would 
have  realized  by  this  time  [1857]  perhaps  a  million  of  money,"  nor  for 
the  invention  of  44  bull-dog,"  which  was  patented,  did  he  receive  any 


1  The  Iron  Question  :  considered  in 
conniption  with  Theory,  Practice,  find  Ex- 
perience, with  special* reference  to  "The 


Bessemer  Process."  By  Joseph  H;«H. 
T-ondon,  1K.VT.  Svo.  pp.  73. 
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compensation  from  other  persons  engaged  in  the  same  trade  as  him- 
self. 44  On  naming  the  project  [of  the  improved  furnace  bottom]  to  a 
practical  man,  he  laughed  at  it,  and  pronounced  the  attempt  as  im- 
possible, as  it  appealed  on  the  first  blush  ridiculous."  Mr.  ITall 
asserts,  that  44  of  all  the  principles  introduced  sinco  the  days  of  Tubal 
Cain,  that  of  1  dry  pig-puddling '  on  the  sand  bottom  is  the  worst;" 
and  he  is  strong  in  his  praise  of  Homfray,  who  is  reputed  to  have 
introduced  the  process  of  refining. 

As  far  as  I  have  been  able  to  ascertain  the  truth,  I  believe  that 
Mr.  Hall  was  fairly  entitled  to  m*ch  of  the  credit  which  he  claimed 
for  himself. 

Mr.  Arkinstall  informs  me  that  the  late  31r.  John  Dawes  made 
experiments  on  this  subject  with  the  same  results  as  Mr.  Hull,  and 
that  he  has  seen  specimens  of  puddled  bars  which  were  produced  by 
Mr.  Dawes  in  his  trials. 

With  respect  to  the  alleged  invention  of  44  bull-dog  "  by  Mr.  Hall, 
the  late  Mr.  John  Gibbons  published  the  following  statement :— 44  Re- 
cently a  patent  has  been  taken  out  for  an  elaborate  mode  of  burning 
tap-cinder  in  kilns.  I  can  readily  believe  that  its  quality,  or  power 
of  resisting  heat,  may  be  improved  thereby;  but  I  have  not  thought  it 
necessary  to  alter  my  old  method  of  burning  it  in  open  heaps,  just  like 
ironstone.  In  this  way,  mixed  with  the  other  materials,  or  alone,  it 
will  be  found  to  do  very  well."9  Burning  in  kilns,  however,  is 
admitted  to  have  been  an  improvement. 

1  have  previously  explained  the  change  which  is  effected  by  roast- 
ing the  cinder,  and  that  change  is  the  same  whether  the  roasting  takes 
place  in  kilns  or  in  open  heaps,  so  that  Mr.  Hall's  claim  as  the  inventor 
of  "bull  dog"  may  be  reasonably  questioned.  Mr.  Gibbons's  method 
is  still  practised  in  some  localities. 

Double  Puddlino-Furnaces. 

The  bed  of  these  furnaces  is  twice  as  large  as  that  of  an  ordinary 
pnddling-furnace,  and  there  is  a  working  door  on  each  side,  one 
exactly  opposite  the  other.  A  large  charge  is  introduced,  and  two 
puddle  re  work  simultaneously,  one  at  each  door.  Furnaces  of 
this  kind  are,  I  believe,  in  uso  at  the  Pentwrch  Works  in  South 
Wales,  but  I  have  never  seen  them  in  operation.  It  is  obviously 
essential  that  the  puddlers,  who  thus  work  together,  should  be 
equally  skilful  and  on  the  best  terms  with  each  other;  for,  other- 
wise, quarrels  might  naturally  be  expected  to  aiise  in  the  event  of 
bad  workmanship. 

Mechanical  Puddling. 

Many  schemes  have  been  proposed  and  patented  to  effect  the  work 
of  the  puddler  by  machinery,  but  hitherto,  I  believe,  without  complete 

9  Practical  Remark?,  p.  71. 
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success.  And,  certainly,  no  method  of  the  kind  has  yet  been  adopted 
in  our  forges.  The  furnace  bottoms  have  been  made  to  rotate ;  the 
molten  metal  has  been  stirred  about  by  means  of  revolving  vertical 
shafts,  with  arms  attached  at  right  angles,  etc.  Our  ironmasters  would 
only  be  too  glad  to  dispense  with  the  manipulation  of  puddlers,  with 
whom  so  many  difficulties  have  from  time  to  time  arisen.  Tooth's 
patent  for  puddling  by  a  self-acting  machine  1  was  exhibited  at  work 
in  London— not  the  most  suitable  locality  for  such  an  exhibition. 
The  proprietors  of  the  patent,  Messrs.  W.  H.  Tooth  and  W.  Yates,  jun., 
issued  circulars  dated  February,  1861,  inviting  inspection  of  the 
process  in  operation  at  21,  Khodeswell  Hoad,  Stepney,  asserting 
that  the  problem  of  puddling  by  machinery  had  at  length  been 
successfully  solved.  Mr.  Yates  informed  me  by  letter  (dated  from 
the  Mersey  Steel  and  Iron  Company's  Office,  in  London,  March  1, 
1861),  that  there  was  "one  remarkable  fact"  in  their  method, 
which  to  him  appeared  "  inexplicable,"  namely,  that  the  balls  pro- 
duced weighed  more  than  the  materials  introduced  into  the  charge. 
In  one  instance  the  charge  consisted  of  3  cwts.  of  pig  iron  and  28  lbs. 
of  hammer-scale,  making  a  total  of  3  cwts.  1  gr. ;  and  the  balls  drawn 
out  weighed  3  cwts.  2  grs.  8  lbs.,  or  :>6  lbs.  in  excess.  I  confess 
that  to  me  also  the  result  is  inexplicable.  I  present  the  statement  as 
I  received  it,  and  must  leave  ironmasters  to  form  their  own  judgment 
respecting  it. 

Mr.  James  Kasmyth,  of  Hammer  celebrity,  has  patented  a  method  of 
puddling,  in  which  a  current  or  currents  of  steam  are  44  introduced  as 
nearly  as  practicable  to  the  lowest  portion  of  the  molten  iron,  and 
thence  diffused  upwards,  so  as  not  only  mechanically  to  agitate  the 
molten  iron,  and  thereby  keep  exposing  fresh  surfaces  of  the  iron  to 
the  oxygen  contained  in  the  atmosphere  passing  through  the  furnace, 
but  also,  when  brought  in  contact  with  the  incandescent  iron,  to  be 
reduced  to  its  elements  and  yield  oxygen."  The  oxygen,  it  is  alleged, 
combines  with  the  carbon,  and  also  with  the  sulphur  and  other  oxidiz- 
able  substances  in  the  iron,  and  removes  them.  "  For  a  charge  of 
392  lbs.  of  Scotch,  203  of  pig-iron,  and  88  lbs.  of  white  Staffordshire 
pig-iron,  the  introduction  of  steam,  shortly  after  the  iron  is  melted,  for 
from  two  to  five  minutes,  is  attended  with  very  beneficial  results."* 
•After  what  has  been  advanced  concerning  the  application  of  steam  in 
Mr.  Parry's  so-called  steam-refinery,  nothing  need  bo  said  with  reference 
to  Mr.  Nasmyth's  process,  except  that  the  decomposition  of  steam  by 
molten  pig-iron  must  necessarily  occasion  great  reduction  of  tem- 
perature. 

After  the  descriptions  given  of  hot-blast  ovens  and  puddling- 
furnaces,  the  construction  will  be  clearly  intelligible  from  the  en- 
gravings. The  hot-blast  apparatus,  it  will  1x5  observed,  is  suspended 
on  side-brackets  (vid.  p.  673). 


1  A.D.  18G0.    No.  277. 
2  Abridgments,  vtc.  ante  eft.  p.  171.    A.D.  ISM,  May  4th.    No.  1001. 
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Application  op  Waste  Blast- furnace  Gas  to  Puddling. 

A  few  years  ago  Mr.  Levick  erected  a  puddling  furnace  at  the  Coal- 
brook  Vale  Works  at  Cwra  Celyn,  with  a  view  to  the  application  of 
the  waste  blast-furnace  gas  as  the  source  of  heat ;  and  further  to  apply 
the  heated  products  of  combustion  escaping  from  this  puddling  furnace 
to  a  hot-blast  oven.  The  arrangement  devised  and  carried  into 
practice  is  shown  in  the  accompanying  engravings,  executed  from 


id  i  t  i  t  •  '  •  '  ■  I  ■  f  r 

KIg.  1G1.        I.  Mr.  I.,  .  ick's  gas  puddling  furnace,  side  elevation.— 2.  End  elevation  at  the  fire-place  — 

3.  Longitudinal  section  on  the  median  line.— 4.  Transverse  section. 

drawings  for  which  I  am  indebted  to  Mr.  Levick.  I  examined  the 
furnace  in  1859,  when  it  was  not  at  work;  but  I  6aw  balls  which  had 
been  made  in  it,  and  which  proved  that  a  sufficiently  high  temperature 
for  puddling  had  been  attained.  It  was  only  to  bo  regarded  as  an 
experimental  furnace,  and  its  operation  was  not  a  complete  success. 

Siemenb's  Gas  Puddling  Furnace.3 

I  am  indebted  to  Mr.  Frederick  Siemens  for  the  drawings  from  which 
the  accompanying  engravings  have  been  executed,  and  for  the  follow- 

1  Patented  A.D.  1856,  Dec.  2.  No.  I  naces,  which  improvements  are  applicable 
28451.    "Improved  arrangement*  of  fur-  |  in  all  caBes  where  great  heat  is  required.'" 

2  x 

Digitized  by  Google 


G74 


SIEMENS'S  GAS  PUDDLING  FURNACE 


ing  description,  drawn  up  by  my  former  pupil  Mr.  Hackney,  now  in 
Messrs.  Siemons's  employ.  Although  somewhat  out  of  place  in  this 
volume,  yet  I  have  inserted  the  description  of  a  new  method  of  coking 
devised  and  successfully  carried  into  practice  by  Mr.  Siemens  at 
Wednesbury  near  Birmingham,  and  which  I  did  not  receive  in  time 
for  publication  in  the  First  Part.  The  puddling  furnace  described 
is  at  the  Earl  of  Dudley's  Iron-works  near  Dudley.  An  explosion 
occurred,  and  for  a  season  stopped  the  working  of  tho  furnace ;  but  I 
am  informed  by  Mr.  Richard  Smith,  tho  Earl  of  Dudley's  agent,  that 
this  now  method  of  heating  the  furnace  is  every  way  successful.  In 
the  first  application  of  an  invention  difficulties  are  naturally  to  bo 
expected.  I  anticipate  results  of  great  importance  in  Metallurgy 
from  the  extension  of  Siemens's  furnace,  which  appears  to  me  to  to 
founded  on  truly  philosophical  principles. 

The  principle  of  these  furnaces  is  the  transfer  of  the  waste  heat 
of  the  products  of  combustion  either  to  the  air  or  combustible  gases, 
or  to  both,  which  enter  the  furnace.  This  transfer  is  effected  by 
means  of  14  regenerators,"  *  each  of  which  consists  of  a  brickwork 
chamber,  filled  with  a  mass  of  loosely  piled  fire-bricks,  exposing 
a  large  surface  for  the  absorption  of  heat.  Tho  products  of  com- 
bustion on  leaving  the  furnace  are  made  to  pass  through  this  loose 
brickwork,  and  are  thus  gradually  deprived  of  a  very  large  proportion 
of  their  heat,  previous  to  escaping  into  the  chimney.  The  direction 
of  tho  draught  is  now  reversed  by  means  of  a  suitable  arrangement  of 
valves,  whon  the  gases  entering  tho  furnace  pass  in  the  opposite 
direction  through  the  heated  regenerators,  encountering  first  the  cooler 
portions  of  the  brickwork,  and  acquiring  successive  additions  of  heat 
till  they  issue  at  a  very  high  temperature  into  the  chamber,  ie,  tho 
interior,  of  tho  furnace,  whence  the  products  of  combustion,  passing 
down  through  tho  other  regenerators,  which  are  now  comparatively 
cooled,  reheat  them  in  turn. 

In  Messrs.  Siemens's  earlier  furnaces  solid  fuel  was  employed,  and 
the  air  required  for  combustion  was  thus  heated  by  means  of  re- 
generators. In  one  form  of  these  early  regenerative  furnaces,  which 
has  been  uninterruptedly  at  work  during  several  years,  for  heating  bars 
of  steel,  at  Messrs.  Marriott  and  Atkinson's  Steel-works,  Sheffield,  and 
also  at  tho  Broughton  Copper-works,  Manchester,  there  is  a  single 
fire-place,  containing  a  ridge  of  fuel  fed  from  the  top,  and  two  heating 
chambers,  in  which  the  bars  of  metal  to  be  heated  are  laid,  with  a 
regenerator  at  the  end  of  each  chamber,  whereby  the  waste  heat  pos- 
ing off  to  tho  chimney  is  intercepted  ;  and  on  reversing  the  draught  by 
means  of  a  valve,  tho  air  entering  the  furnace  is  made  to  pass  through 
the  heated  regenerator  in  the  contrary  direction,  and  issuing  at  a  very 
high  temperature  into  the  first  chamber  of  the  furnace,  it  traverses  the 
ridge  of  fuel  and  produces  a  flame  which  fills  tho  second  heating 
chamber,  whence  tho  products  of  combustion  passing  through  the 
second  regenerator,  deposit  their  heat  successively  in  tho  inverse 


4  A  bettor  and  more  correct  term  would  be  "  accumulators." 
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manner,  reaching  the  chimney  comparatively  cool.  By  thus  alternat- 
ing the  current  through  the  two  regenerators,  a  high  temperature 
is  maintained  constantly  in  the  furnace.  This  arrangement  of  furnaco 
is  evidently  applicable  only  in  exceptional  cases,  where  two  chambers 
are  to  be  heated  alternately,  and  it  does  not  admit  of  being  carried  out 
on  a  large  scale. 

In  attempting  to  apply  the  principle  to  heating  a  single  chamber,  as  in 
puddling  and  other  larger  furnaces,  serious  practical  difficulties  arose, 
which  for  a  considerable  time  frustrated  all  efforts,  until,  by  adopting 
the  plan  of  converting  the  solid  into  gaseous  fuel  in  the  first  instance, 
and  employing  it  entirely  in  the  gaseous  form  for  heating  purposes, 
practical  results  were  at  length  attained,  surpassing  expectations. 

When  a  uniform  and  sufficient  supply  of  combustible  gas  is 
ensured,  it  can  evidently  bo  heated  just  liko  the  air,  by  being  passed 
through  a  separate  regenerator  before  reaching  tho  furnace,  whereby 
its  heating  power  is  greatly  increased.  The  difficulty  of  maintaining 
a  uniform  flame  in  tho  furnace  is  thereby  certainly  removed,  and  there 
is  no  longer  any  necessity  for  keeping  tho  flame  always  in  the  same 
direction  through  tho  furnace,  since  tho  gas  can  bo  introduced  with 
equal  facility  at  each  end  of  the  heating  chamber  in  turn,  and  the 
periodical  change  of  direction  of  tho  flamo  through  the  furnaco  tends 
only  to  make  tho  temperature  more  uniform  throughout ;  whereas  in 
tho  previous  plan  of  employing  solid  fuel  for  heating  in  the  furnace, 
tho  relative  position  of  the  fireplace  and  heating  chamber  being  fixed 
and  unchangeable,  required  tho  direction  of  the  flamo  to  bo  kept 
always  the  same,  unaltered  by  the  reversal  of  currents  through  tho 
regenerators.  Tho  plan  of  a  separate  gas-producer  has  now  been  suc- 
cessfully carried  out  in  practice,  and  many  regenerative  gas  furnaces 
are  already  in  satisfactory  operation  in  this  country  and  on  the  Con- 
tinent ;  applied  to  the  manufacture  of  glass  and  zinc,  to  puddling,  gas 
making,  tho  welding  of  iron  tubes,  the  melting  of  steel  and  Muntz's 
metal,  etc. 

The  regenerators  may  be  underneath  or  at  the  sido  of  the  furnace, 
but  it  is  of  importance  that  they  should  always  be  placed  at  a  lower 
level  than  the  heating  chamber,  in  order  that  tho  heated  air  and  gas 
may  rise  naturally  into  it,  foiming  there  a  plenum  of  pressure.  Tho 
products  of  combustion  aro  drawn  down  through  the  other  com- 
paratively cool  pair  of  regenerator  by  the  chimney  draught,  which  is 
regulated  by  a  damper. 

The  gas  producers  aro  entirely  separate  from  the  furnaces,  where 
the  heat  is  required,  and  are  made  sufficient  in  number  and  capacity 
to  supply  several  furnaces  from  a  common  gas  flue. 

Two  forms  of  gas  producer  are  now  in  use ;  the  first  or  ordinary 
producer  is  shown  in  figs.  102  and  h',:\  ;  fig.  162  is  a  longitudinal 
section  of  the  producer,  fig.  163  a  plan  of  a  sot  of  three  producers. 
The  fuel,  which  may  be  of  the  poorest  description,  such  as  slack,  coke- 
dust,  lignite,  or  peat,  is  supplied  at  intervals  of  from  6  to  8  hours 
through  tho  covered  holes  (a,  a),  and  descends  gradually  on  the 
inclined  plane  (6),  which  is  set  at  an  inclination  of  from  4o°  to  f>0°, 
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according  to  the  nature  of  the  fuel  used.  The  upper  portion  of  the 
incline  (b)  is  made  solid,  being  formed  of  iron  plates  covered  with  fire- 
brick, but  the  lower  portion  (c)  is  an  open  grate  formed  of  horizontal  flat 
steps.  At  the  foot  of  the  grate  (c)  there  is  generally  a  covered  water- 
trough  (</),  filled  by  a  supply  pipe  (not  shown  in  the  drawing)  which 
opens  by  a  funnel  placed  below  a  water  tap  in  the  pit  (/>)  :  but  in  many 
producers,  instead  of  a  water-trough,  or  in  addition  to  it,  water  is  simply 
ran  into  the  bottom  of  the  producer,  the  floor  of  which  is  sloped  back 
for  the  purpose,  as  shown  at  (A),  and  lias  a  thin  iron-plate  built  into  the 
brick-work  to  prevent  leakage.  The  large  opening  under  the  water- 
trough  is  convenient  for  drawing  out  clinkers,  which  generally  collect 
at  that  point.  The  small  stoppered  holes  (/),  fig.  162,  at  the  front  (of 
which  there  are  three  in  each  producer),  and  (g9  </),  fig.  163,  at  the  top, 
are  provided  to  allow  of  putting  in  an  iron  bar  occasionally  to  break  up 
the  mass  of  fuel  and  detach  clinkers  from  the  side-walls.  Below  the 
grate  the  producer  is  6  feet  wide  inside ;  above  the  grate  it  widens 
out  to  7  feet.  Each  producer  is  made  large  enough  to  hold  10  or  12 
tons  of  fuel  in  a  low  incandescent  state,  and  is  capable  of  converting 
about  2  tons  of  it  daily  into  a  combustible  gas,  which  passes  off 
through  the  opening  (/i)  into  the  main  gas  flue  leading  to  the  furnaces. 

The  action  of  the  gas  producer  in  working  is  as  follows:  the  fuel 
descending  slowly  on  the  solid  portion  (b)  of  the  inclined  plane, 
rig.  162,  becomes  heated  and  parts  with  its  volatile  constituents, — the 
hydrocarbon  gases,  water,  ammonia,  and  some  carbonic  acid, — which 
are  the  same  as  would  be  evolved  from  it  in  a  gas  retort.  There  now 
remains  from  60°/o  to  70°/o  of  purely  carbonaceous  matter  to  be  dis- 
posed of,  which  is  accomplished  by  tho  slow  current  of  air  entering 
through  the  grate  (c),  which  produces  regular  combustion  immediately 
upon  the  grate ;  but  the  carbonic  acid  formed,  having  to  pass  slowly 
on  through  a  layer  of  incandescent  fuel  from  3  to  4  feet  thick,  takes 
up  another  equivalent  of  carbon,  and  the  resulting  carbonic  oxide 
passes  off  with  the  other  combustible  gases  to  the  furnaco.  For  every 
cubic  foot  of  combustiblo  carbonic  oxide  thus  produced,  2  cubic  feet 
of  incombustible  nitrogen  pass  also  through  the  grate,  tending  greatly 
to  diminish  the  richness  or  heating  power  of  the  gas.  But  not  all 
the  carbonaceous  portion  of  the  fuel  is  volatilised  on  such  disad- 
vantageous terms ;  for  the  water  trough  (J)  at  the  foot  of  the  grate, 
absorbing  the  spare  heat  from  the  fire,  emits  steam  through  a  row 
of  small  holes  under  the  lid ;  and  each  cubic  foot  of  steam  in  tra- 
versing the  layer  of  from  3  to  4  feet  of  incandescent  fuel  is  decom- 
posed into  a  mixture  consisting  of  1  cubic  foot  of  hydrogen  and 
nearly  an  equal  volume  of  carbonic  oxide,  with  a  variable  small  pro- 
portion of  carbonic  acid.  Thus  1  cubic  foot  of  steam  yields  as  much 
inflammable  gas  as  5  cubic  feet  of  atmospheric  air ;  but  the  one  ope- 
ration is  dependent  upon  the  other,  inasmuch  as  tho  passage  of  air 
through  the  fire  is  attended  with  the  evolution  of  heat,  whereas  tho 
production  of  tho  water  gases  (as  well  as  the  evolution  of  the  hydro- 
carbons) is  carried  on  at  the  expense  of  heat. 

The  generation  of  steam,  being  dependent  on  the  amount  of  heat  in 
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tho  fire,  regulates  itself  naturally  to  the  requirements ;  and  the  total 
production  of  combustible  gases  varies  with  the  admission  of  air. 
And  since  tho  admission  of  air  into  the  grate  depends  in  its  turn  upon 
tho  withdrawal  of  the  gases  evolved  in  the  producer,  the  production 
of  tho  gases  is  entirely  regulated  by  the  demand  for  them.  The  pro- 
duction of  gas  may  even  be  arrested  entirely  for  12  hours  without 
deranging  the  producer,  which  will  h.'gin  work  again  as  soon  as  the 
gas  valve  of  the  furnace  is  reopened  ;  since  the  mass  of  fuel  and  brick- 
work retains  sufficient  heat  to  keep  up  a  dull  red  heat  in  the  producer 
during  that  interval.  Tho  gas.  however,  is  of  a  more  uniform  quality 
when  there  is  a  continuous  demand  for  it,  and  for  this  reason  [as  well 
as  that  any  one  furnace,  whenever  it  is  necessary  for  a  particular  stage 
of  its  work,  may  bo  supplied  with  an  amount  of  gas  far  above  its 
ordinary  requirements]  it  is  best  to  supply  several  furnaces  from  one 
set  of  producers,  and  to  keep  the  producers  constantly  at  work.  The 
o]>ening  (A)  leading  freiu  each  producer  into  the  main  gas  flue  can  be 
closed  by  a  valve  (/),  as  shown  in  fig.  102,  in  case  any  one  of  the 
producers  is  required  to  be  stopped  for  repairs,  or  because  part  of 
the  furnaces  supplied  are  out  of  work. 

Tho  second  form  of  gas  producer,  tho  regenerative  gas  and  coke 
oven,  is  intended,  like  Davis's  breeze-oven,  to  burn  the  non-caking 
Thick-coal  slack  of  Staffordshire,  producing  a  hard  brilliant  "  breeze," 
well  adapted  for  smiths*  fires,  and  economising  the  heat  and  gas  gene- 
rated.  It  is  superior  to  Davis's  breeze  oven  in  working  continuously, 
and  in  effecting  a  much  greater  saving  of  heat.    The  construction  of 


Fiji.  104.         StruiKl  form  of  SJcmeitt'l  giid-nrnducfr.   Traiwvcrse  scciiwii  ibruucb  the  chamber  on 

III*  CM  HP,  fig.  160. 

tho  oven  is  shown  in  figs.  lG4to  107;  it  consists  of  a  chamber  lined 
with  fire-brick,  the  upper  part  of  which  is  divided  into  three  segments 
by  two  flat  arches  running  longitudinally  from  end  to  end:  at  one  end 
of  the  chamber  are  two  regenorators,  which  communicate  with  the 
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above  lateral  spaces.  Fig  106  is  a  longitudinal  section  of  the  oven; 
fig.  164  a  transverse  section  through  the  chamber;  fig.  165  a  trans- 
verse section  through  the  two  regenerators;  and  fig.  167  a  transverse 
section  through  the  reversing  valve. 


I  i  j  165.      Second  form  of  Sienieits's  goa- {inducer.    Transverse  section  through  the  two  regenerators  on 

line  U  if.  fig.  166. 


Fix.  166.       Second  form  of  Siemens'*  gas-producer.    longitudinal  section  on  line  A  H,  fig.  164. 

The  side  walls  of  the  oven  are  supported  below  by  strong  cast- 
iron  bearers,  the  lower  edges  of  which  dip  into  a  trough  of  water  (a,  a), 
lined  with  sheet-iron  to  prevent  leakage.  The  walls  of  the  oven 
are  for  the  most  part  built  double,  as  shown  in  figs.  164  and  165,  with 
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Fig.  167.  SectrfMl  fonn  of  Sii-meiw't  gaft-producer. 
{tertian  HiiuukIi  ibe  reversing  valve  on  Hue 
1  K  ,  Ag.  166. 


a  layer  of  sand  in  the  middle  to  assist  in  retaining  the  heat,  and  to 
prevent  the  escape  of  gas  by  filling  up  any  cracks  in  the  brickwork. 

The  fuel  is  supplied  at  intervals  through  the  two  cast-iron  hoppers 
at  the  top,  and  fills  the  whole  chamber  with  the  exception  of  the 
two  side  spaces  (/>,  b),  fig.  166.  It  is  burnt  by  a  current  of  air,  which, 
entering  through  the  tube  (c),  figs.  160  and  167,  passes  in  the  direction 
shown  by  the  arrows,  up  through  one  regenerator  and  across  under 
the  two  longitudinal  arches  through  the  mass  of  fuel  in  Oie  oven :  the  gas 

produced  passes  down  through 
the  other  regenerator,  depositing 
successively  the  greater  part  of 
its  heat,  and  thence  escapes  in  a 
cooled  state  into  the  gas  flue  (as 
shown  in  fig.  lf>7).  When  the 
second  regenerator  is  sufficiently 
heated  by  the  descending  current 
of  gas,  the  direction  of  the  draught 
through  the  oven  is  reversed  by 
the  valve,  figs.  166  and  1 07.  and 
the  air  passing  up  through  the  hot 
regenerator  enterB  the  oven  at  a  high  temperature,  while  the  current  of 
gas  passes  down  through  the  first  regenerator  and  reheats  it.  The  air 
is  forced  into  the  oven  by  a  steam-jet  shown  in  fig.  167  :  this  method  of 
producing  the  blast  has  the  advantages  of  increasing  the  production  of 
gas  by  the  action  of  the  steam  on  the  red-hot'  fuel,  and  of  returning  mon 
heat  to  the  oven  ;  for  the  air  which  is  required  to  support  combustion 
is  not  by  itself  sufficient  in  quantity  to  take  up  all  the  heat  which  the 
gas  loses  in  passing  through  the  regenerator.  The  44  breeze "  pro- 
duced is  raked  out  at  intervals  at  each  side  of  the  oven  from  under 
the  cast-iron  bearers,  more  coal-slack  being  put  in  at  the  top.  There 
are  throe  small  stoppered  holes  at  each  side  of  the  top  of  the  oven, 
through  which  an  iron  bar  may  bo  put  to  stir  or  break  up  the  mass  of 
fuel,  and  a  row  of  holes,  about  a  foot  apart,  in  the  cast-iron  bearers  at 
the  bottom  of  the  oven,  to  allow  any  large  piece  of  coke  to  be  broken 
up  if  it  cannot  l>o  easily  got  out  whole. 

These  coke-ovens  may  bo  conveniently  built  in  pairs,  as  shown  in 
fig.  166,  and  a  numl>er  of  such  pairs  built  together  may  bo  arranged 
in  rovut  with  a  small  tramway  between  each  row  (as  shown  in  figs.  1  <>4 
and  165),  and  fig.  166  may  then  bo  supposed  to  be  a  section  of  an  oven 
at  the  end  of  such  a  row. 

A  single  oven  of  this  description  has  been  in  use  for  some  time  at 
Messrs.  .lames  Kussel  and  Sons'  Crown  Tube- works,  YA  ednesbury,  and 
a  second  is  now  being  built.  One  such  oven  is  found  to  produce, 
besides  breeze,  as  much  gas  as  five  or  six  ordinary  producers. 

It  is  important  that  the  main  gas  flue  leading  to  the  furnaces  should 
contain  an  excess  of  pressure,  however  slight,  above  the  atmosphere, 
in  order  to  prevent  any  inward  draughts  of  air  through  crevices, 
which  would  produce  a  partial  combustion  of  the  gas  and  diminish 
its  heating  power  in  the  furnace,  besides  causing  a  deposit  of  soot  in 
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the  flues.  It  is  therefore  necessary  to  deliver  the  gas  into  the  furnace, 
without  depending  upon  a  chimney-draught  for  that  purpose.  In  the 
gas  and  coke  oven  this  is  done  by  means  of  the  bloat,  and  in  the  case 
Off  the  ordinary  gas  producers  it  could  easily  bo  accomplished  if  the 
producers  were  placed  at  a  lower  level  than  the  furnaces:  but,  as  that 
is  generally  impossible,  the  following  plan  has  been  adopted.  The 
mixture  of  gases  on  leaving  the  producers  has  a  temperature  ranging 
between  and  400°  Fahr.,  and  this  initial  heat  is  made  available 
for  producing  a  plenum  of  pressure,  by  making  the  gas  rise  about 
20  ft.  above  the  producers,  then  carrying  it  horizontally  20  ft.  or  30  ft. 
through  the  wrought-iron  tube  (,/),  figs.  102  and  lG.'i,  and  letting  it  again 
descend  to  the  furnace.  The  horizontal  tube  (j)t  being  exposed  to  the 
atmosphere,  causes  the  gas  to  lose  from  100°  to  150°  of  temperature, 
which  increases  its  density  from  15%  to  2<T/0,  and  gives  a  preponde- 
rating weight  to  that  extent  to  the  descending  column,  urging  it 
forward  into  the  furnace. 

The  gases  proceeding  from  the  gas  producers  are  a  mixture  of 
olefiant  gas,  march  gas,  hydrogen,  carbonic  oxide,  vapour  of  tar, 
water,  and  amiconiacal  compounds.;  besides  nitrogen,  carbonic  acid, 
some  sulphuretted  hydrogen,  and  some  bisulphide  of  carbon.  The 
s}»ecific  gravity  of  this  mixture  averages  0*78,  that  of  air  being  1*00  ; 
and  a  ton  of  fuel,  not  including  the  earthy  matter,  produces,  according 
to  calculation,  nearly  04,000  cubic  feet  of  gas.  By  heating  these 
gases  to  3000°  F.  their  volume  would  bo  fully  six  times  increased,  but 
in  reality  a  much  larger  increase  of  volume  ensues,  in  consequence 
of  some  important  chemical  changes  effected  at  the  same  time.  The 
olefiant  gas  and  tar  vapour  are  well  known  to  deposit  carbon  on  being 
heated  to  redness,  which  is  immediately  taken  up  by  the  carbonic 
acid  and  vaj>our  of  water,  the  former  being  converted  into  carbonic 
oxide,  and  the  latter  into  carbonic  oxide  with  some  carbonic  acid  and 
pure  hydrogen.  The  ammoniacal  gas  and  sulphuretted  hydrogen  are 
also  resolved  into  permanently  elastic  gases,  with  a  preponderance  of 
hydrogen.  These  chemical  changes  represent  a  largo  absorpt  ion  of  heat 
from  the  regenerator,  but  the  heat  is  given  out  again  by  combustion 
in  the  furnace,  enhancing  the  heating  power  of  the  fuel  beyond  the 
increase  due  to  elevation  of  temperature  alone  :  it  is  also  of  importance 
in  preventing  44  sulphuring"  ;  for  it  is  believed  that  the  sulphur  in 
separating  from  its  hydrogen  takes  Up  oxygen  supplied  by  the  car- 
bonic acid  and  water,  forming  sulphurous  acid,  a  stable  compound, 
which  is  not  decomposed  on  meeting  with  metallic  oxides  in  the 
furnace.  This  view  is  so  far  borne  out  by  experience,  that  glass  con- 
taining a  moderate  proportion  (  )f  lead  in  its  composition  may  Ixj  melted 
in  open  j>ots  without  injury,  instead  of  requiring  covered  pots,  as  in 
ordinary  furnaces  heated  directly  by  coal. 

As  an  example  of  the  general  mode  of  construction  of  these  furnaces, 
the  application  of  the  system  to  puddling  has  been  selected  for  detailed 
description. 

The  regenerative  gas  puddling-furnace  is  shown  in  figs.  108  to  MMi. 
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Hit.  Ito.         lU'gv  iterative  ga»  puddling  furnace.    Hulf  front  elevation  and  half  vertical  section  on  tiw 

i  k,  og.  in. 


Fig.  169. 


i  lAaJ      i  1  J  ■      ■      ■  i  i      i  i 

Horizontal  section  on  line  I'gR  8,  flg.  168. 


Fig-  170. 


Horizontal  -ect  i.. i,  on  line  A  BCD,  flg.  168. 
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Rr.  171.   Wrtlcal  wt.llon  on  line  K  K,  fig.  10"*. 


Fig.  172.    Vertical  section  on  line  G  H,  fig.  1*8. 


Voriiral  wct|..n  on  lino  N  O,  fig.  169. 


The  four  regenerators,  a,  a\  a",  a"\  are  in  this  case  arranged  longi- 
tudinally underneath  the  puddling  chamber,  b,  which  may  bo  of  tho 
usual  form.  The  regene- 
rators work  in  pairs,  the 
two  under  the  right  hand 
end  of  the  bed  commu- 
nicating with  that  end 
of  the  puddling-chaml>er, 
while  the  other  two  com- 
municate with  the  opposite 
end,  as  shown  in  fig.  171. 
The  two  regenerators  next 
the  front  of  the  furnace  may 
be  called  the  gas  reyenera-  Fig.  173. 
tors,  as  they  servo  to  heat 
the  gas  on  its  way  to 
the  puddling-chamber,  and 
communicate  by  flues,  c,  c', 
fig.  173a,  with  the  gas 
valve,  d,  and  the  pipe  from 
the  gas  producers,  e ;  the 
other  two  regenerators  are 
air  regenerators. 

When  tho  valves,  d,  a", 
are  in  the  position  shown 
in  the  engravings,  the  gas 
from  the  producers  is  di- 
rected by  the  gas-reversing 
valve,  as  indicated  by  the 

arrows    (figs.    169,     171),        Vif,m  ,:3a.         Section  on  line  L  M,  fig.  in. 
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into  the  left-hand  gas  regenerator,  and,  rising  through  the  heated 
brick-work,  flows  in  a  transverse  sheet  into  the  mixing  chamber,/, 
at  that  end  of  the  furnace;  at  the  same  time  the  air  required  for 
the  combustion  is  directed  by  the  air  valve,  rf'  (figs.  169,  173a),  into 
the  left-hand  air  regenerator,  and,  rising  through  it,  enters  the  mixing 
chamber  behind  the  gas;  and  therefore  when  the  air  and  gas  pass 
forward  together  into  the  puddling-ehamber,  tfie  air  is  above  t/ie  gas,  and 
tending,  from  its  greater  specific  gravity,  to  sink  through  it,  produces  a  per- 
fect mixture.  The  products  of  combustion  pass  down  through  the  right- 
hand  pair  of  regenerators,  as  indicated  by  the  arrows,  and  are  directed 
by  the  valves  into  the  two  narrow  chimney  flues,  <j,  g  (figs.  169,  173, 
1 73a) :  these  open  into  the  general  chimney  flue,  h,  which  may  be 
connected  with  several  furnaces— in  which  case  each  furnace  must  of 
course  be  provided  with  a  separate  chimney  damper,  not  shown  in 
the  drawings. 

When  the  right-hand  regenerators  have  been  sufficiently  heated  by 
tho  waste  heat  of  the  products  of  combustion,  and  the  left-hand  pair 
correspondingly  cooled  by  the  passage  through  them  of  the  cold  air  and 
gas,  the  valves  are  reversed  by  the  hand  levers  shown  in  figs.  1G8 
and  17;i,  and  the  air  and  gas  entering  tho  furnace  pass  up  through  the 
heated  right-hand  regenerators,  while  the  left-hand  regenerators  are 
ivheatod  by  the  waste  heat  of  the  products  of  combustion.  The  bed 
of  the  puddling-ehamber  is  formed  of  three  cast-iron  plates,  strength- 
ened by  flanges.  These  bed  plates  are  covered,  as  usual,  with  a  layer 
of  calcined  tap-cinder,  and  rest  on  brick  pillars  and  strong  east-in>n 
bearers.  The  bed  is  kept  cool  by  a  current  of  air  which  enters  the 
air  space  below  it  by  an  opening,  i,  in  tho  back  wall  of  the  furnace 
(figs.  168,  170,  172),  and  passes  out  through  two  air  shafts,  k,  k\  in 
tho  front  wall  (fig.  170).  The  back  and  ends  of  the  puddling-ehamber 
are  supported  and  kept  cool  by  three  cast-iron  water-boxes,  through 
which  a  continual  current  of  water  is  made  to  circulate. 

The  sides  of  tho  furnace  are  covered  by  strong  flanged  cast-iron 
plates,  bolted  together,  which  are  fixed  by  their  lower  ends  into  the 
pavement,  and  are  bound  together  at  the  top  by  trans  verse  tie-rods; 
and  tho  whole  is  braced  firmly  together  by  two  or  more  flat  wrought- 
iron  bars  at  each  end,  which  are  wedged  in  between  the  brickwork  of 
the  furnace  and  tho  end  flanges  of  the  covering  plates.  There  is  a  pit 
at  each  end  of  the  furnace,  by  which  the  regenerators  are  got  at  fur 
inspection  and  renewal;  the  arched  roof  of  the  regenerator  is  carried 
on  through  the  end  wall  of  the  furnace,  so  that  the  end  wall  of  each 
regenerator  may  be  taken  down,  leaving  an  arched  doorway ;  and,  in 
order  that  it  may  be  taken  down  more  easily,  it  is  built  in  two  sepa- 
rate thicknesses  of  brickwork,  and  the  intervening  space  may  be  filled 
in  with  sand  to  prevent  leakage. 

The  saving  orlected  by  tho  use  of  the  regenerative  furnaces  is  not 
only  in  the  quantity^  but  also  in  the  kind,  of  fuel  which  may  be  used* 
almost  any  carbonaceous  matter  being  capable  of  producing  a  gas  of 
sufficiently  good  quality  to  be  employed  in  them. 

The  flame  may  be  made  reducing  or  oxidizing  at  will  by  suitably 
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adjusting  the  supply  of  gas  and  air  by  means  of  the  regulating  or 
throttle  valves  placed  in  the  gas  and  air  tubes ;  and  by  making  the  first 
mixture  of  the  gas  and  air  more  or  less  complete,  the  heating  effect  of 
the  flame  may  be  concentrated  at  one  point,  or  diffused  uniformly 
through  the  whole  of  a  long  furnace. 

Improvements  in  Piddling-Furnaces. 

Bad  under  the  grate  tcith  closed  ash-pit.— This  application  was  patented 
in  1843  by  Julius  Adolph  Detraold,5  and  has  been  referred  to  in  the 
First  Part  of  the  4  Metallurgy.'  The  patent  was  purchased  by  the 
Ebbw  Vale  Iron  Company,  at  whoso  works  I  saw  it  extensively  in 
operation  in  1859.  The  furnaces  are  built  in  pairs,  side  by  side  ;  and 
the  blast  was  convoyed  down  vertically  in  iron  pipes  from  a  main 
running  horizontally  above,  between  the  furnaces  of  each  pair,  and 
entered  the  ash-pit  of  each  furnace  at  the  side.  The  ash-pit  was  closed 
by  folding  wrought-iron  doors,  and  the  blast  was  produced  by  fans. 
In  other  respects  the  furnaces  were  constructed  as  usual.  Washed 
small  coal  was  employed  as  fuel.  The  patent  has  now  expired.  The 
application  of  a  blast  under  the  grate,  with  closed  ash-pit,  in  the 
"  working  and  refining  of  cast  or  pig  iron,  and  converting  the  sarnr 
from  a  fluid  state  into  wrought  or  bar  iron,"  was  patented  by  Peter 
Onions  in  1783/ 

Blast  under  the  grate  with  open  ash  pit. — I  saw  this  method  in  operation 
in  1850,  at  the  Britonferry  Iron-works,  near  Neath,  Glamorganshire; 
and  it  has  recently  been  adopted  by  the  Ebbw  Vale  Iron  Company. 
There  was  a  cast-iron  pipe,  5  in.  or  6  in.  in  internal  diameter,  which 
ascended  from  one  corner  of  the  front  of  the  ash-pit,  passed  obliquely 
backwards,  and  then  proceeded  at  about  8  in.  or  9  in.  under  the  grate 
at  right  angles  to  the  bars,  terminating  close  to  the  opposite  wall  of 
the  ash-pit,  to  which  it  was  fixed  by  a  nail,  passing  through  a  projecting 
piece  cast  on  its  surface  at  this  end.  This  end  was  of  course  closed  ; 
but  on  the  under  surfaco  there  was  another  projecting  piece  cast 
on,  in  which  was  fitted  a  sliding  horizontal  damper.  By  drawing 
out  this  damper  and  keeping  on  the  blast,  any  dust  or  small  ashes 
which  might  have  accumulated  in  the  pipe  could  be  easily  blown 
out.  Along  the  upper  surface  of  the  pipe  were  three  parallel  rows 
of  circular  holes,  about  24  in.  or  2}  in.  apart,  and  arranged  quin- 
cuncially.  These  holes  were  cast  in,  and  not  bored  ;  and  their 
axes  were  radial,  not  parallel.  It  would  bo  desirable  that  they 
should  widen  somewhat  towards  the  interior  of  tho  pipe,  in  order 
that  they  might  be  loss  liable  to  become  clogged  with  ashes  falling 
into  them.  Tho  blast  was  produced  by  fans.  Small  coal  was  used, 
half  caking  and  half  free-burning. 

Air  for  combustion  heated  previously  by  circulation  through  various  fxirts 
ff  the  furnace. — The  utilization  of  small  non-caking  coal  or  slack  in 


1  A.D.  1843,  Oct.  18th.    No.  001 1.  *  A. P.  178-*,  May  7th.    No.  11170. 
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puddling -furnaces  is  a  problem  of  much  importance  in  South  Staf- 
fordshire and  other  localities  where  largo  quantities  of  such  black  are 
produced,  which,  owing  to  its  non-caking  quality,  cannot  be  converted 
jxr  se  into  coke,  and  lias  consequently  either  been  left  in  the  pits 
or  thrown  away  as  worthless.  Mr.  S.  II.  Blackwell  reports  favour- 
ably of  the  furnace  of  M.  de  Simencourt  constructed  with  this  view.7 
I  have  not  given  engravings  of  it;  and  without  engravings  it  will 
not  bo  possible  to  present  a  satisfactory  account.  The  sides  of  the 
fire-grate  are  formed  of  perforated  blocks  of  cast-iron.  The  air,  after 
passing  into  the  ash-pit  underneath  the  bars  of  the  grate,  enters  jwtially 
into  the  hollow  fire-bridge,  and  through  the  perforated  block  attached 
to  it ;  but  the  remaining  and  by  far  the  largest  portion  of  the  air  passes 
onwards  under  the  bottom-plates,  and  after  cooling  these,  enters  the 
hollow  flue-bridge,  whore,  becoming  divided,  it  escapes  at  each  end  of 
this  bridge  into  side  hot-air  flues.  These  side  flues  lead  into  hot  air 
chambers  surrounding  the  fire-grate,  etc.  In  other  respects  the  con- 
struction of  the  furnace,  with  reference  to  the  circulating  and  heating 
of  the  air,  cannot  be  understood  without  engravings.  The  object  is  to 
deliver  heated  air  through  the  sides  of  the  fire-place.  The  method  is 
stated  to  be  equally  applicable  to  reheating  furnaces.  Furnaces  of 
this  kind  are  in  operation  at  Tipton,  Staffordshire,  in  which  masses 
of  iron  from  2  to  4  tons  in  weight  are  heated.  M.  de  Simencourt 
informs  mo  that  in  practico  lie  has  found  it  advantageous  to  have 
each  side  of  the  fire  chamber  fitted  with  cast-iron  boshes,  containing 
coiled  wrought -iron  tubes  with  water  circulating  through  them. 
Clinkers  are  thus  prevented  from  adhering  to  the  sides  of  the  fire- 
chamber,  and  the  operation  of  cleaning  the  grate  is  thereby  rendered 
much  easier.  Ho  also  uses  a  hollow  water- bridge,  through  which 
water  is  kept  circulating. 


Puddling  with  Wood  as  the  Fuel. 

In  Sweden  the  process  of  puddling  with  wood  is  conducted  in  the 
same  manner  as  with  coal,  but  the  construction  of  the  fire-place  is 
modified  to  suit  the  charging  with  this  kind  of  fuel.  No  Swedish 
bar-iron,  produced  by  puddling,  is  exported,  the  whole  of  it  King 
retained  for  homo  consumption,  and  worked  up  into  boiler-plates, 
sheet  iron,  rod-iron,  and  hoop-iron,  or  used  for  machinery.  It  is 
reported  to  1h>  of  very  good  quality. 


Puddling  with  Dried  Wood. 


The  process  as  conducted  in  Carinthia  with  dried  wood  has  heen 
minutely  described  by  Le  Play;8  and  from  his  description  the  follow- 
ing account  has  been  extracted. 


'  PatcnM  by  M.  H.  uV  Kiim-neourt  ami 
himwli;  a.i».  lHtfl.    No.  1445. 

8  Methode  nouvcllo  employee  dans  lea 


Forets  tie  la  Carnitine  |«>ur  la  tabrinUM> 
<tu  Fi  r.  Pari*,  I8JJ3.  Kxtructol  from 
the  Ami.  d.  Mines,  5.  s.  3. 
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Tho  special  points  in  this  process  are  the  application  of  wood  arti- 
ficially dried  as  the  fuel,  with  the  addition  of  a  blast,  in  a  furnace 
otherwise  constructed  like  an  ordinary  puddling  furnace. 

In  order  to  obtain  the  greatest  calorific  effect  from  wood  in  the 
production  of  high  temperatures,  it  is  necessary  to  employ  it  free  from 
hygroscopic  moisture. 

The  modes  of  effecting  desiccation  are  founded  on  two  prin- 
ciples. According  to  the  first,  tho  gaseous  products  of  combustion  of 
the  fire  employed  to  desiccate  come  in  direct  contact  with  the  wood, 
which  is  thereby  exposed  to  a  temperature  above  100°  C,  but  not 
sufficient  to  cause  carbonization  ;  and,  according  to  the  second,  the 
desiccation  is  effected  by  the  heat  radiated  from  pipes  either  of  cast 
or  sheet-iron  through  which  tho  gases  of  tho  desiccating  furnace 
escape. 

The  fire-place  is  0m90  (2  ft.  11-43  in.),  by  0m  47  (1  ft.  6-51  in.), 
and  lm  GO  (5  ft.  2  99  in.)  in  depth  below  the  arch,  or  lm  39 
(4  ft  6*72  in.)  below  tho  fire-bridge.  A  pipe  is  connected  with 
tho  bottom  of  the  fireplace,  through  which  passes  air  in  sufficient 
quantity  to  burn  the  carbon,  not  escaping  as  a  gaseous  product  of 
tho  distillation,  which  takes  place  in  tho  upper  part  of  the  fire- 
place. There  is  a  small  passage  below  the  level  of  the  floor  com- 
municating with  the  bottom  of  the  furnace,  by  which  tho  small 
quantity  of  ashes  produced  may  bo  withdrawn :  it  is  covered  over 
during  the  time  of  working.  Tho  pressure  of  the  blast  which  enters 
tho  lower  part  of  tho  fire-place  is  hardly  equal  to  0m  006'  (0-24  in.)  of 
mercury. 

The  air  necessary  for  the  complete  combustion  of  tho  dried  wood 
beyond  that  which  enters  below,  is  thrown  in  over  tho  fire-bridgo, 
where  it  joins  the  body  of  the  furnace,  through  a  flat  twyer  having 
about  tho  same  width  as  the  stratum  of  gas  to  be  burned.  This  second 
part  of  the  blast  first  circulates  through  cast-iron  pipes,  forming  tho 
sides  of  tho  bed  in  which  the  operation  of  puddling  is  effected.  The 
double  advantage  is  thus  obtained  of  keeping  the  sides  of  tho  furnace 
cool,  and  of  heating  the  air  to  about  200°  C,  and  thereby  adapting 
it  to  act  more  rapidly  upon  the  gases.  The  pressure  of  the  blast"  is 
0m012  (0*47  in)  of  mercury,  and  its  direction  is  such  that  it  would 
strike  the  bed  at  0™  21  (8-2G  in.)  beyond  the  line  extending  across  the 
bed  from  the  middle  of  the  working  doors.  In  other  respects  tho 
furnace  resembles  the  ordinary  forms  of  double  puddling  furnaces: 
beyond  the  bed  upon  which  the  puddling  takes  place,  is  another  small 
bed  upon  which  a  chargo  of  pig-iron  is  subjected  to  a  preliminary 
heating,  and  charged  while  hot  into  the  furnace.  From  the  second 
lied  the  flame  escapes  into  the  stack. 

Puddling  is  effected  through  two  doors.  A  shift  lasts  8  hours,  and 
includes  4  heats.  The  workmen  composing  a  shift  are  a  master  man, 
two  assistants,  and  one  stoker. 

It  is  stated  that  the  character  of  tho  work  only  differs  from  that  ob- 
served in  ordinary  establishments  where  coal  is  employed  in  tho  much 
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greater  facility  with  which  the  conversion  of  pig  into  malleable  iron 
takes  place.    Each  charge  at  Lippitzbach  consists  of 

PijT-iron    448  kiL 

Scrap-iron  (malleable  .  clipping  of  shi  rt   2X  „ 

470  kil. 

The  average  time  required  to  work  off  a  heat  completely — that  is 
the  period  which  elapses  between  the  recurrence  of  the  same  manipu- 
lation in  two  consecutive  heats — is  1  h.  53  min. 

The  mode  of  conducting  the  process  is  exactly  similar  to  that  of 
puddling  in  the  ordinary  way.  As  there  are  two  working  doors,  one 
on  each  side  the  furnace,  at  each  of  which  a  puddler  works,  and 
as  the  charge  is  about  doublo  that  of  an  ordinary  single  furnace  in 
this  country,  ten  balls  instead  of  five  are  drawn  out  at  each  heat; 
the  labour  is  equally  divided  between  the  two  puddlers,  each  doing 
the  same  amount  of  work  as  an  English  puddler.  At  the  latter  part 
of  the  operation,  during  the  formation  of  the  balls,  special  care  is 
taken  not  to  force  the  fire;  consequently  no  billets  are  thrown  in. 
because  it  is  alleged  that  the  contact  of  gases  containing  carbon  is 
injurious  to  the  welding  together  of  the  iron  into  tails. 

Each  charge  of  47f>  kil.  gives  on  an  average  455  kil.  of  puddled  iron. 
The  production  per  week  amounts  to  29,100  kil.  For  each  metrical 
quintal  (i.e.  about  0*  1  ton  English,  short  weight)  of  crude  puddled  iron 
rOll  of  dried  wood  is  consumed.  The  wood  employed  is  a  mixture 
of  Pinus  sylvestria,  AInes  excelsa,  and  Fagns  sykutica.  The  cubic  metre 
weighs  395  kil. 

The  mill  or  reheating  furnaces  are  constructed  on  the  same  prin- 
ciple as  the  puddling  furnaces.  Instead  of  throwing  a  blast  into  the 
fire-place,  the  air  may  enter  by  an  ordinary  grate,  the  draught  being 
effected  by  the  stack  ;  and,  indeed,  the  same  arrangement  may  be  used 
in  the  puddling  furnace.  At  Lippitzbach  each  kind  of  furnace  is  em- 
ployed indifferently  either  for  puddling  or  reheating. 

STAMPING  AND  ASSORTING  PtJDDLXD  BALLS. 

This  process,  which  was  patented  by  \\  illiam  Taylor,9  has  been  prac- 
tised at  the  Low  Funiess  Iron  and  Steel-works,  under  the  managemeut 
of  Mr.  Davis,  from  whoso  eon,  Mr.  J.  F.  Davis,  my  former  pupil,  1 
have  received  the  following  account.  The  puddled  balls,  instead  of 
being  shingled,  etc.,  as  usual,  are  left  to  cool,  and  when  cold  they  are 
crushed  under  steam  stamps  and  then  ground  between  cast  iron  rolls, 
weighing  about  2  tons  each,  and  working  over  a  bed  formed  of  perfo- 
rated (cast  ?)  iron  plates.  Two  products  are  thus  obtained :  one  termed 
44  good  iron,"  which  crushes  easily  and  passes  through  the  holes  in  the 
bod ;  and  another  termed  "  raw  iron,"  or  11  greys,"  in  round  lumps, 
nlxmt  tho  size  of  common  marbles,  which  does  not  crush  easily,  and  re- 


•  A.D.  1855,  Nov.  1,  No.  2439.  In  the  specification  the  ball  is  directed  to  be  throw 
into  water  and  m  cooled. 
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mains  upon  the  bed.  The  "good  iron  "  is  greyish  black,  and  has  the 
appearance  of  a  well  puddled  ball  reduced  to  particles  about  as  large  as 
peas.  The  "greys "  are  lighter  in  colour,  and  feebly  metallic  in  lustre 
on  the  exterior ;  and  when  broken,  as  they  may  be  without  difficulty 
by  a  hammer,  the  fracture  exactly  resembles  white  pig-iron,  and  the 
metal  is  slightly  malleable  on  the  edges.  These  are  evidently  imper- 
fectly converted  pieces,  and  are,  consequently,  re-puddled.  The 
"good  iron"  is  worked  up  directly  into  balls  and  shingled,  etc.  The 
object,  then,  of  this  process  is  to  separate  the  iron  not  perfectly  "  come 
to  nature  "  from  that  which  is  completely  converted,  so  that  by  balling 
the  latter  apart,  iron  more  homogeneous  in  character  may  be  obtained 
than  would  otherwise  be  the  case.  The  process  must  necessarily 
entail  considerable  additional  expense;  and  I  believe  it  has  been 
abandoned.  The  iron  produced  from  the  second  bills  seldom  required 
piling,  except  for  very  extra  purposes.  On  showing  some  of  the 
"greys"  to  Mr.  Joseph  Hall,  of  the  Bloomfield  Iron-works,  he  re- 
marked that  they  could  only  result  from  bad  puddling. 

Ostlund's  Process  of  Puddling. 

Mr.  Grill  has  communicated  to  mo  a  short  notice  of  this  process, 
which  has  been  devised  by  Mr.  Ostlund,  of  Sweden.  •*  'Hie  ores  of 
Sweden,"  Mr.  Grill  writes,  "  being  remarkably  free  from  phosphorus, 
yield  much  more  refractory  pig-iron  and  malleable  iron  than  those 
of  most  other  localities,  which  consequently  must  be  treated  in  a  dif- 
ferent manner  from  less  refractory  kinds  of  metal.  In  puddling  the 
better  sorts  of  charcoal  pig-iron,  the  walls  of  the  furnaces  will  not  sup- 
port the  high  temperature  necessary.  On  this  account  Mr.  Ostlund's 
method  seems  preferable.  He  proposes  to  refine  the  iron  in  a  revolv- 
ing iron  pot,  lying  in  an  inclined  position,  and  heated  by  a  blow-pipe 
with  carbonic  oxide.  The  revolving  of  tho  pot  will  perform  the  work 
of  the  puddler,  and  prevent  the  sides  of  the  pots  from  ever  losing  their 
coating  of  cinder,  of  which  the  effect  will  be  to  yield  much  cleaner 
iron  or  steel  than  from  an  ordinary  puddling  furnace."  Mr.  Ci rill  con- 
siders this  method  as  extremely  promising  for  the  conversion  of  Swedish 
pig-iron  into  malleable  iron.  1  fear,  however,  that  my  friend's  hoj>es 
will  be  disappointed. 

Utilization  of  the  Waste  Heat  of  Puddling  Furnaces. 

Every  reflective  person  who  has  passed,  especially  at  night,  near 
puddling  furnaces  in  operation,  must  have  been  struck  with  the  enor- 
mous amount  of  heat  allowed  to  escape  uselessly  into  tho  air,  as 
evidenced  by  the  long  column  of  red  flame  from  the  chimney  tops. 
The  waste  of  heat  which  has  thus  occurred  in  Great  Britain  alone 
is  inconceivably  great.  Every  particle  of  that  heat  is  so  much 
power,  derived  originally  from  tho  sun,  and  stored  up  with  extreme 
slowness  in  our  coal-beds  during  the  vast  period  of  time  required  for 
their  formation.  The  extent  to  which  that  power  has  been  squandered 
will  no  doubt  excite  the  ire  of  our  successors,  who  will  feel  that  they 
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have  been  unjustly  deprived  of  a  rich  inheritance,  as  represented  by 
coal,  either  through  wilful  prodigality  or  stupid  ignorance.  Happily, 
from  one  cause  or  other,  not  excepting  the  most  potent  of  all,  necessity, 
economy  is  at  length  beginning  to  be  practised  with  respect  to  fuel. 
The  time  will  come  when  many  an  old  coal-pit  now  abandoned  as 
Utterly  worthless  will  be  regarded  as  a  valuable  mine,  and  worked  over 
again  with  great  advantage. 

The  utilization  of  the  waste  heat  of  puddling  furnaces  has,  so  far  as 
I  am  aware,  related  almost  exclusively  to  the  raising  of  steam,  and 
numerous  contrivances  have  been  adopted  with  that  object,  several  of 
which  I  will  n«»w  describe. 

Tlie  flame  has  been  made  to  pass  directly  from  the  body  of  the 
furnace  under  a  steam-boiler  set  horizontally  at  the  end  of  the  furnace, 
the  draught,  of  course,  being  duly  promoted  by  a  stack.  I  saw  this 
method  at  Mr.  Nevill's  forge  at  Llanelly. 

At  a  short  distance  al>ove  the  furnace,  the  stack  for  a  considerable 
height  has  passed  through  a  wide  central  vertical  Hue  in  the  middle  of 
a  cylindrical  boiler.  An  arrangement  of  this  kind  might  be  seen  at 
the  Albion  Iron-works,  W  est  Hromwich. 

A  boiler  has  been  fixed  horizontally  above  each  puddling  furnace. 
The  boiler  was  cvlindrical,  and  at  one  end  was  turned  down  for  a 
short  length  at  right  angles.  It  was  traversed  by  a  circular  flue,  and 
the  turned  down  end  was  set  over  the  flue.  I  saw  this  arrangement 
at  the  BUenavon  Iron-works,  of  which  the  forge  was  newly  built  at 
the  timo  of  my  visit  in  1S.VJ.  The  boilers  were  not  then  jacketed 
to  prevent  radiation,  as,  I  presume,  they  have  since  been ;  but, 
whether  jacketed  or  not,  much  heat  must  be  radiated  down  upon 
the  head  of  the  puddler.  This  system  moreover  is,  Mr.  Menelaus 
observes,  objectionable,  as  in  multiplying  the  number  of  boilers  it 
increases  the  cost  of  repairs  and  attendance.  I  am  informed  that  a 
similar  arrangement  had  been  tried  at  the  Abersvchan  Iron-works 
(now  belonging  to  the  Kbbw  Vale  Iron  Company)  and  abandoned, 
especially  on  account  of  the  serious  inconvenience  which  the  puddler 
exj>ericnced  from  the  radiant  heat. 

A  method,  which  has  been  adopted  at  several  Iron-w*orks,  is  repre- 
sented in  the  accompanying  engraving,  fig.  1 74,  executed  from  a  drawing, 
for  which  I  am  indebted  to  Mr.  Lcvick,  at  whose  Iron-works  at  Blaica 
and  Cwin  Celyn  it  is  in  extensive  operation.    In  South  Staffordshire 
I  have  seen  it  in  use  at  the  Hromford  Iron-works  more  than  2«»  years 
ago.     The  left  half  of  the  engraving  is  in  vertical  section,  and  the 
right  half  in  elevation.     Tho  boiler  is  cylindrical,  egg-ended  at  the 
'op,  but  flatter  at  the  bottom.    At  a  certain  distance  below  the  water 
lino  is  a  circular  vertical  descending  flue  of  boiler-plate,  which  OOffl- 
juunicates  with  an  underground  flue  connected  with  a  high  stack.  a> 
^xlieatcd  by  tho  arrow  pointing  downwards.    Into  tho  upper  part  ot 
*l'o  descending  central  flue,  four  circular  transverse  flues,  e,  enter 
lom  the  outside ;  and  each  of  these  communicates  with  a  furnace,  either 
puddling  or  reheating.    The  descending  central  flue  is  traversed 
y  *ix  pipes  or  small  flues,  j\  j,  j\  etc.,  crossing  over  each  other  at 
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right  angles,  thus  increasing  the  area  of  the  heating  surface,  and  serv- 
ing to  strengthen  the  hoiler.  The  boiler  is  set  on  a  firm  foundation  of 
brick  or  stonework,  and  is  surrounded  with  a  circular  wall,  concentric 
with  the  boiler,  a  considerable  flue  space  being  left  between  the  two. 
This  space  is  covered  in  at  the  top  by  the  arch,  ic,  and  is  divided  below 
by  four  vertical  brick  pillars  into  equal  and  similar  spaces,  which 
communicate  respectively  with  the  flues,  (/,  of  four  furnaces,  two  on 
each  side.  There  are  four  arches,  x,  immediately  under  the  trans- 
verse flues,  0,  and  extending  only  a  little  beyond  the  sides  of  these 
flues.  Above  and  on  each  sido  of  those  lower  arches,  xt  is  a  ver- 
tical wall  (which  is  shown  white,  but  should  have  been  shown  as 
brickwork  ),  thus  enclosing  a  space  corresponding  to  the  openings  of 


JLI 

1 

Mill-furnace.   Longitudinal  section.  fuddling  furnace.  Side  elevation 

fig.  17*.  Application  of  waste  heat  of  puddling  and  mill  furnaces  to  the  raising  of  steam. 


the  transverse  flues,  e.  At  tho  top  of  this  space  is  a  horizontal 
damper,  fy  which  may  be  opened  and  closed  by  the  rack,  /',  and 
pinion,/".  The  pinion  is  fastened  on  one  end  of  tho  vertical  shaft, 
w ;  and  on  the  other  is  a  lever  for  moving  the  pinion,  which  acting 
upon  the  rack  opens  or  closes  the  damper.  The  pulley  keeps  the 
rack  and  pinion  in  gear,  and  runs  loose  on  a  pin.  The  flame  then 
rises  on  each  sido  of  the  arch,  x,  and  descends  in  tho  manner  indicated 
by  tho  arrows.  The  upper  part  of  the  boiler  is  jacketed  with  brick- 
work. 

The  furnace  in  elevation  on  the  right  is  a  puddling  furnace,  and 
that  in  section  on  the  left  a  reheating  or  mill-furnace. 

a,  Firo  grate ;  b,  Fire-bridge;  c,  Body  of  the  furnace;  n,  Brackets 
fastened  on  the  side-plates  of  tho  furnace  and  supporting  tho  bearers. 
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o,  o,  on  which  the  fire-bars  rest;  />,  Bearer  supporting  the  fire-bridge: 
7,  Stoke  or  fire-hole;  r,  Ashpit;  .<?,  Charging  door :  f.  Cast-iron  bearers 
carrying  the  brickwork  above;  »«,  Holes  to  allow  the  cinder  to  runoff. 

According  to  the  experience  of  Mr.  Arkinstall,  of  the  Bromford  Iron- 
Works,  boilers  thus  heated  by  the  waste  flame  of  puddling  and  mill 
furnaces  require  great  care  in  their  management ;  otherwise  the  ad- 
vantage gained  by  the  application  of  the  waste  heat  in  raising  steam 
may  be  more  than  counterUalanced  by  the  disadvantage  of  the  irregu- 
larity of  action  induced  in  the  furnaces  and  the  difficulty  of  properly 
regulating  the  draught.  The  mill-furnace  being  always  the  hottest  has 
a  stronger  draught  than  the  puddling  furnace,  and  the  working  of  the 
latter,  it  is  maintained,  will  lie  checked  in  consequence.  Mr.  Lcvick 
expresses  himself  perfectly  satisfied  with  their  action.  He  has  never 
known  an  explosion  to  occur  with  these  boilers.  The  transverse  pipes, 
however,  aro  liable  to  become  stopped  up  with  deposit. 

Mr.  Menelaus  has  (duly,  1863)  communicated  to  me  the  following 
important  information  concerning  the  system  of  economising  the 
waste  heat  of  puddling  and  reheating  furnaces  recently  adopted  at  the 
Dowlais  Iron-works. 

14  No  ordinary  boilers,"  he  writes,  44  are  so  economical  in  raising 
steam,  in  attendance  -and  repairs,  as  the  ordinary  large  Cornish 
boiler,  which  may  be  placed  quite  clear  of  the  forges,  and  in  no  way 
interfering  with  the  comfort  of  the  men.  The  problem  was  to  apply 
the  waste  heat  of  the  puddling  and  balling  (i>.  reheating)  furnaces  to 
tho  production  of  steam  in  an  ordinary  Cornish  boiler,  without  in  any 
way  interfering  with  the  working  of  the  furnace,  and,  at  the  same  time, 
removing  the  boilers  from  tho  forge,  so  as  to  ensure  safety  to  the  men 
in  case  of  accident,  and  leave  a  clear,  open  space  under  the  roofs  to 
secure  thorough  ventilation,  and  thereby  comfort  to  the  men  in  hot 
weather. 

44  The  boilers  have  been  placed  at  a  considerable  distanco  from  the 
forge,  where,  to  produco  a  good  draught,  a  largo  stack,  12  ft.  square 
and  150  ft.  high,  was  built.  Two  culverts  of  about  <>0  ft.  area  each 
wero  carried  through  the  forgo  underground,  and  the  flues  of  the  fur- 
naces turned  down  into  them.  The  culverts  are  connected  directly 
with  tho  boiler  tubes,  the  heated  gases  carried  round  the  boiler  and 
flues  in  tho  usual  way,  and  taken  off,  after  doing  their  work,  into  the 
stack  above  mentioned,  which,  from  its  height  and  large  size,  ensures 
plenty  of  draught;.  The  result  is  that  there  aro  no  chimneys  whatever 
in  the  forge,  and  there  are  no  surfaces  to  give  out  heat,  except  the 
furnaces  themselves.  Tho  weather  is  now  excessively  warm,  and 
while  the  men  in  tho  other  forges  are  partially  broiled,  in  our  new 
forgo  with  tho  above  arrangements  they  are  working  with  tolerable 
comfort,  There  is  nothing  new  in  the  scheme  :  it  has  been  tried  over 
and  over  again ;  but,  1  believe,  through  imperfect  arrangements,  it 
has  never  succeeded  well,  except  at  Ebbw  Vale  and  with  us.  The 
utilization  of  the  heat  in  this  manner  no  way  affects  the  working  of 
the  furnaces.  The  improvement  and  saving  are  so  marked,  that  we  are 
giving  the  matter  at  present  all  our  attention." 
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WORKING  OF  THE  BALL. 

I  have  already  described,  in  as  condensed  a  manner  as  I  could,  the 
working  of  the  ball  produced  in  the  charcoal  finery  under  the  hammer; 
and  I  have  given  an  engraving  of  the  hammer  used  in  Sweden  for  this 
purpose.  Formerly,  the  hammer  was  the  only  instrument  employed 
in  this  and  other  countries  for  converting  the  ball  so  produced  into 
bar  iron.  But  it  was  proposed,  as  we  have  seen,  even  before  the 
introduction  of  the  process  of  puddling,  to  substitute  notched  or 
grooved  rolls  in  great  measure  for  the  hammer.  The  Ball,  when  it 
leaves  the  furnace,  is  a  spongy  mass,  consisting  of  particles  of  mal- 
leable iron  feebly  cohering,  and  infiltrated  througlkout  with  liquid 
cinder.  By  hammering,  those  particles  are  welded  into  a  solid  oblong, 
more  or  less  rectangular  slab  of  iron,  the  cinder  being  thereby  more  or 
less  completely  squeezed  out.  This  manipulation,  as  previously  stated; 
is  termed  shingling,  and  the  man  conducting  it  a  shingler.  It  was  not 
intended  to  resort  to  the  grooved  rolls  until  after  the  ball  had  been  thus 
fashioned  under  the  hammer ;  nor  at  any  time  subsequently  lias  any 
ball,  whether  produced  in  the  charcoal  finery  or  the  puddling  furnace, 
been  otherwise  treated  in  the  first  instance  than  by  compression  either 
under  a  hammer,  or  a  special  squeezing  apparatus,  whereby  it  might 
acquire  solidity  beforo  passing  between,  or  as  it  is  termed,  through 
the  rolls.  We  have,  therefore,  first  to  consider  the  machinery  adopted 
for  this  preliminary  treatment,  and  afterwards  that  for  rolling.  Under 
the  first  heads  are  comprised  hammers  and  squeezers.  1  may  here 
define  the  meaning  of  two  words,  which  I  have  already  many  times 
used,  Forge  and  Mill.  The  Forge  is  that  part  of  an  iron-work  where 
the  balls  are  hammered  or  squeezed,  and  then  drawn  out  into  puddled 
bars  by  means  of  grooved  rolls ;  and  the  Mill  is  that  part  where  these 
bars  by  manipulation,  presently  to  be  described,  are  converted  into 
merchant  iron,  whether  in  the  form  of  bars,  rods,  or  sheets. 

Forge- n  am  mkks. 

Forge-hammers  are  divisible  into  two  principal  classes,  viz.,  the 
lover-hammer,  in  which  the  hammer-block  is  fixed  to  one  end  of  a 
shaft  placed  horizontally,  and  is  moved  vertically  through  a  small 
arc  by  a  rotary  cam  bhaft  ;  and  the  direct  acting  or  stamp  hammer, 
where  the  hammer-block  is  lifted  vertically,  either  by  cams  or  friction 
rollers,  or,  as  is  more  commonly  the  case,  by  steam  or  water  pressure 
acting  on  a  piston  in  a  closed  cylinder.  The  lever-hammer  is  further 
classified,  according  to  the  relative  position  of  the  hammer-block,  the 
cam  ring,  and  the  centre  of  oscillation,  into  tilt-hammers  and  helves. 

1.  Tilt-hammers,  The  centre  of  oscillation  is  placed  between  the 
hammer-block  and  the  lifting  cam,  the  former  being  at  the  end  of 
the  longer  arm,  and  the  latter  at  the  end  of  the  shorter  arm  of  a  lever 
of  the  first  order. 

Tilt-hammers  are  comparatively  of  small  size,  and  are  made  with  small 
hammer-blocks  from  1  to  5  cwts.  in  weight.  They  are  usually  driven  at 
considerable  speed:  the  force  of  the  blow  is  sometimes  increased  b\ 
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tho  use  of  a  wooden  spring  beam  for  accelerating  the  speed  of  the 
hammer  during  its  descent. 

2.  Helves,  or  lift-hammers.  The  cam  ring  and  hammer-block  are 
on  the  same  side  of  the  fulcrum  or  axis.  Here,  again,  two  cases 
are  to  bo  distinguished,  viz.,  that  in  which  the  hammer-block  is 
placed  between  the  lifting  cam  and  the  axis,  a  form  to  which  the  name 
of  head-lift  helve  may  bo  given ;  and  that  in  which  the  cam  wheel 
works  on  a  lifter  placed  between  tho  hammer-block  and  the  axis  of 
oscillation  :  this  construction  is  known  as  the  "belly  helve."  Helves 
are  now  entirely  made  of  cast-iron,  with  shifting  wrought-iron  striking 
fares. 


.    Fig.  175.  Hi  h  e  at  tho  Mersey  Steel  and  Iron  Company  s  Works. 


Fig.  175  represents  a  belly  helve  used  at  tho  Mersey  Steel  and  Iron 
Works,  for  drawings  of  which  I  am  indebted  to  Mr.  William  Clay.  The 
engravings  are  sufficiently  detailed  to  require  but  little  verbal  descrip- 
tion. It  is  a  solid  casting  of  a  T  shape  in  plan,  weighing  about  10  tons; 
the  journals  at  the  end  of  the  shorter  or  cross  arm  rest  in  open  bear- 
ings, carried  on  massive  cast-iron  framings.  The  cross  arm  is  of  great 
thickness,  in  order  to  resist  tho  tendency  to  horizontal  motion  produced 
by  the  cams  of  the  lifting  wheel.  The  small  dovetail-groove  near  the 
centre  of  the  helve  forms  the  seat  for  the  lifter,  which  is  acted  en  by  the 
cams  ;  it  is  made  of  wrought-iron,  and  can  be  easily  shifted  and  replaced 
when  worn  out.  Tho  hammer  face  is  made  of  wrought-iron,  and  is 
attached  to  tho  helve  by  a  dovetail  groove  and  wedge;  tho  anvil  is 
faced  in  a  similar  mannor.  Tho  moving  mass  of  the  hammer  weighs 
10  tons;  the  height  of  lift  is  from  18  to  24  in.;  the  maximum  work- 
ing speed  is  00  strokes  per  minute.  It  was  employed  for  forging  the 
large  ITorsfall  13- inch  gun,  weighing  27  tons  in  the  rough  state, 
probably  the  largost  mass  over  wrought  under  a  lever  hammer. 


Digitized  by  Google 


STEAM  FORGE-HAMMERS  —  NASMYTH'S  HAMMER 


695 


The  framings  and  foundations  of  this  hammer  are  not  specially 
described,  as  that  subject  may  be  more  usefully  considered  under  the 
head  of  Steam-hammers,  and  will  bo  given  in  the  sequel.  The  chief 
advantage  of  the  belly-lift  over  the  head-lift  form  of  helve  is  that 
the  anvil  stands  in  front  of  the  rotary  cam  shaft,  usually  the  most 
massive  part  of  the  machine,  and  leaves  three  sides  free  for  working. 
The  head-lift  helve  is,  however,  more  commonly  employed,  being 
somewhat  simpler  in  construction. 

An  ordinary  hammer  face  in  constant  work  will  only  last  from  three 
to  seven  days,  according  to  the  quality  of  the  metal  operated  upon  ; 
and  the  anvil  face,  under  similar  conditions,  will  last  about  the  same 
time.  Attempts  have  been  made  to  lengthen  the  period  of  service  of 
these  faces  by  causing  water  to  circulate  through  them,  thereby  keep- 
ing them  cool.  Mr.  Arkinstall  states  that  a  hammer  face  thus  cooled 
will  last  ten  times  longer  than  one  without  this  arrangement.  It 
would,  however,  appear  that  this  system  of  cooling  is  attended  with 
practical  inconveniences  which  have  not  as  yet  been  satisfactorily  over- 
come, as  in  works  in  which  it  has  been  tried  it  has  been  generally 
abandoned. 

Steam  Forge-hammers. 

Of  late  years  the  various  forms  of  tilt  and  other  lever  hammers  or 
helves  have  to  a  considerable  extent  been  replaced  in  the  majority  of 
English  forges  by  the  direct  acting  steam-hammer,  a  machine  which 
was  originally  proposed  by  James  Watt  in  1784,  afterwards  sketched 
nearly  in  its  present  form  by  Deverell  in  180(5,  but  which  was  first 
reduced  to  a  practical  form  by  Nasmyth  in  1842. 

This  admirable  and  invaluable  machine  is  now  extensively  em- 
ployed in  shingling  and  forging  iron.  Halls,  which  would  crumble 
to  pieces  under  the  helve,  may,  by  gently  regulated  blows  under 
Xasniyths  hammer,  be  easily  wrought  into  solid  blooms  or  slabs. 
The  kind  of  hammer  employed,  therefore,  may  furnish  indications 
as  to  the  quality  of  the  iron  composing  a  ball.  With  the  helve, 
'•coaxing'*  or  M  humouring,"  as  it  is  termed,  is  impossible ;  and  a  ball, 
in  order  to  support  its  dead,  heavy  blow,  must  be  made  of  tolerably 
good  iron.  Not  so,  however,  with  the  Nasmyth's  hammer.  By  these 
remarks,  it  is  far  from  my  intention  to  insinuate  that  this  machine  is 
only  resorted  to  in  the  case  of  balls  made  of  iron  of  inferior  quality; 
for  I  know  that  in  many  cases  the  contrary  is  tho  truth.1 

In  its  original  or  single-acting  form  tho  steam-hammer  consists  of 
a  heavy  block  moving  between  guides  attached  to  the  piston-rod  of  a 
vertical  steam-engine,  of  which  the  piston  is  lifted  by  high-pressure 
steam  acting  on  its  lower  surface.  \\  hen  the  piston  luus  reached  the  top 
of  its  stroke,  the  blow  is  given  by  allowing  tho  steam  to  escape  freely 
into  the  atmosphere,  when  the  hammer,  being  no  longer  supported, 
falls  on  the  anvil  with  an  impact  duo  to  tho  gravitating  action  of 
its  mass  falling  through  a  height  equal  to  the  length  of  stroke  of  the 

1  For  tho  following  description  of  I  my  former  student  nrul  friend  Mr.  Hilary 
steam  forge-bamim  rs  I  am  indebted  to  |  Buiu  rman. 
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piMton.  In  the  double-acting  hammer  the  force  of  the  blow  is  increased 
by  allowing  the  steam  to  act  on  the  upper  surface  of  the  piston,  in 
order  to  obtain  a  greater  velocity  at  the  moment  of  impact  than  can  be 
obtained  by  the  gravitating  action  of  the  hammer-block  alone.  The 
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Ktg.  176a.  Nasrojth's  Hammer.    Finn  and  details. 

double  acting  or  44  top  steam  "  form  of  construction  is  almost  univer- 
sally adopted  in  the  more  modern  hammers,  the  valves  being  usually  so 
arranged  that  the  steam  can  be  used  either  on  the  lifting  side  only,  or 
on  both  lifting  and  striking  portions  of  the  stroke  at  pleasure. 
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Of  the  various  modifications  of  form  used  at  the  present  time  three 
may  be  selected  as  typical,  namely,  the  original  Nasniyth  hammer, 
Messrs.  R.  Morrison  and  Co.'s  pattern,  and  that  introduced  by  the  late 
Mr.  John  Condie.  In  the  Nasniyth  hammer  the  block  travels  on 
parallel  guides  attached  to  the  framing  below  the  steam  cylinder. 
Morrison's  hammers  have  the  guides  placed  above  the  cylinder ;  the 
piston-rod,  which  is  welded  together  with  the  piston  and  block  into  a 
single  mass,  is  carried  through  both  cylinder  covers,  an  arrangement 
having  for  its  object  the  increase  of  stability  by  lowering  the  centre 
of  gravity  of  the  machine.  In  Condie  s  system  the  hammer  guides 
are  in  an  intermediate  position  between  those  of  the  two  former 
systems;  that  is,  they  are  in  the  line  of  the  side  of  the  cylinder  itself, 
an  arrangement  which  is  obtained  by  the  use  of  a  fixed  piston  attache*! 
by  a  tubular  rod  to  the  top  traverse  of  the  framing,  combined  with 
a  moveable  steam  cylinder,  which  is  cast  in  one  with  the  hammer- 
bloek.  By  this  system  of  construction  the  apparent  action  of  the 
steam  is  reversed,  the  lifting  being  effected  by  steam  admitted  above 
tho  fixed  piston,  the  lower  side  of  tho  moving  piston  in  the  other 
systems  being  here  represented  by  the  under  surfaco  of  the  top 
cylinder  cover. 

Xcuimyth's  fiammer.  —  A  double  acting  steam-hammer  of  15cwt„  erected 
by  Messrs.  James  Nasmyth  and  Co.,  at  the  Atlas  Works,  Sheffield,  is 
shown  in  figs.  170.  1 70a.  Fig.  1 70  is  a  front  elevation  of  the  hammer  and 
anvil,  with  its  foundations.  Fig.  1 70<7  is  a  plan  and  details.  1.  The  plan 
of  the  sole-plate  and  anvil ;  2.  The  plan  of  the  vertical  wooden  baulks 
which  earn  the  anvil;  3.  The  end  elevation  of  the  anvil;  4  An 
enlarged  view  of  tho  junction  between  one  of  the  hammer  standards 
and  the  sole-plate,  showing  the  wooden  packing  and  the  methcxl  of 
fastening  by  means  of  wrought-iron  and  wooden  wedges;  5.  A  swage 
face,  which  is  fixed  to  the  anvil  instead  of  the  ordinary  flat  face  piece 
when  the  hammer  is  used  for  forging  round  bars  ;  0  and  7.  Enlarged  views 
of  one  of  tho  holding  -down  bolts  by  which  the  hammer  is  fixed  to  the 
sole-plate.  The  hammer-block  weighs  15  cwts.,  having  a  maximum 
length  of  stroke  of  40  in.  The  weight  of  the  anvil  is  about  ojtons; 
it  rests  on  a  bed  formed  of  10  upright  stpiarc  baulks  of  timber  of  a 
total  content  of  about  84  cubic  feet  Tho  sole-plate  measures  l»  ft.  9  in. 
by  7  ft.  1  in.,  giving  a  surface  of  more  than  00  square  feet :  it  rests 
upon  a  bed  of  broken  cinders.  A  clear  space  of  ,>4  of  an  inch  is  left  all 
round  the  anvil,  where  it  passes  through  the  sole-plate.  Tho  framings 
of  tho  hammer  allow  of  a  working  space  of  about  5  ft.  in  length  by 
2  ft.  in  height. 

Candies  hummer. — In  fig.  177  a  Condie  hammer  of  the  largest  class 
is  represented  in  front  and  end  elevations.  The  framing  consists  of 
two  vertical  cast-iron  columns  of  rectangular  section,  A  B,  bound 
together  laterally  by  a  strong  cast-iron  transverse  beam,  C,  with  a 
central  ring  opening  for  the  passage  of  the  cylinder  or  hammer-block. 
Tho  lowor  columns  are  surmounted  by  an  arched  girder  of  similar 
section,  I),  which  is  put  together  in  three  segments,  the  top  casting 
carrying  an  entablature  to  which  the'  steam  valve*?  and  the  gearing 
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for  moving  thein  are  attached.  The  cylinder  E,  with  its  attached 
hammer-block  weighing  15  tons,  is  made  of  toughened  cast-iron:  it 
moves  between  vertical  guides  F  F,  bolted  to  pillars  extending  from 
the  top  of  the  horizontal  cross-girder  C  to  the  under  side  of  the  crown 
of  the  arch  of  the  top  framing.  The  piston-rod  G,  which  is  hollow,  and 
serves  also  for  the  admission  and  exhaust  steam  passage,  is  attached  to 
the  entablature  by  a  ball  and  socket  joint;  it  is  funned  of  two  concen- 
tric tubes  :  the  outer  one,  reaching  from  the  top  of  the  framing  nearly 
down  to  the  top  of  the  fixed  piston,  forms  the  steam  passage  for  the 
lifting  portion  of  the  stroke,  while  the  inner  one  or  piston-rod  proper 
serves  at  the  same  time  as  the  point  of  support  for  the  piston  and  the 
passage  by  which  the  steam  is  admitted  and  exhausted  on  the  under 
surface  of  the  piston  during  the  driving  portion  of  the  stroke. 


'<  «  +  *  ■  •  ■  ■  g  •  •  ■  ■  g  ■     -  ■  *n 

Fig.  177.  Condle's  Hammer.    Front  and  end  elevations. 


The  admission  and  exhaust  steam-valves  are  fixed  to  the  opposite 
ends  of  an  equal-armed  beam,  which  is  moved  by  an  arrangement  uf 
angle  levers  from  the  vertical  shaft  M,  which  turns  in  bearings  fixed 
to  the  left-hand  guide  frame.  Two  levers  arc  attached  to  the  vertical 
shaft :  the  lower  one,  N,  is  used  for  moving  the  valve  by  hand  ;  the 
upper  one,  O,  slides  on  the  vertical  shaft,  and  can  be  adjusted  for  regu- 
lating the  length  of  stroke  by  a  clamp  screw  moved  by  a  hand-wheel. 
The  opposite  end  of  the  arm,  O,  carries  a  roller,  which  resting  on  the 
surface  of  the  inclined  block  or  wedge  L  attached  to  the  left-hand  side 
of  the  cylinder,  causes  the  shaft  M  to  turn  about  its  axis  as  the  arm  O  is 
pushed  out  by  the  action  of  the  wedge  during  the  ascent  of  the 
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cylinder,  a  motion  which  opens  the  exhaust  valve  and  allows  the 
hammer  to  fall.  In  the  hammer  under  description  the  valves  are  not 
moved  directly  by  the  vertical  shaft  and  levers,  a  small  horizontal 
steam-engine  at  L  being  employed  fur  that  purpose:  the  duty  of  the 
self-acting  gear  is  therefore  confined  to  moving  the  slide  valve  of  the 
auxiliary  engine. 

The  admission  steam -valve  is  a  balanced  many -ported  tubular 
slide,  so  arranged  that  by  turning  it  half  round  against  its  bed  the 
hammer  is  made  single  or  double-acting  at  pleasure. 

The  following  are  some  of  the  principal  dimensions  of  the  hammer 
above  described  :  — 


The  anvil  is  of  the  form  of  a  truncated  cone,  and  is  cast  iu  two 
portions  :  the  larger  one  is  conical  and  tubular,  the  greater  part  of  the 
weight  being  disposed  in  the  broad  solid  mass  closing  the  bottom  of 
the  tube  ;  the  second  portion  forms  a  top  or  lid  of  great  thickness,  fit- 
ting on  the  top  of  the  lower  c  asting ;  the  two  parts  are  secured  together 
by  wrought-iron  links  or  glands,  which  are  tightly  shrunk  on  to  pro- 
jecting studs  disced  radially  around  the  outer  circumferences  of  both 
castings.  The  hollow  space  in  the  bottom  casting  is  filled  up  with 
concrete.  The  whole  mass  stands  on  its  own  platfonn,  and  is  com- 
pletely isolated  from  the  surfaces  bearing  the  superstructure.  Both  the 
hammer  and  anvil  are  provided  with  wrought-iron  face  pieces,  which  are 
united  to  their  respective  castings  by  dove  tailed  wedges  and  grooves. 

Hammers  similar  in  dimensions  to  that  above  described  are  used 
for  making  forgings  of  the  largest  class,  as  for  example  crank  shafts 
for  marine  engines,  piles  for  armour-plates,  etc.  The  intermediate 
shaft  of  the  'Cheat  Eastern'  steam  ship,  probably  the  largest  single 
crank  shaft  ever  forged,  weighing  31  tons  2  cwts.,  was  forged  under  a 
single-acting  0-ton  Condie  hammer  by  the  Lancefield  Forge  Company. 

From  1$  to  :\±  tons  is  tnu  weight  of  the  hammers  usually  employed 
in  iron-works  for  making  puddled  blooms  and  slabs  of  ordi nan- dimen- 
sions; from  11  to  15  puddling  furnaces  may  be  served  by  one  50-cvrt. 
hammer,  the  necessary  steam  being  obtained  from  the  waste  heat  of 
two  reheating  furnaces. 

Tunner  gives  an  example  of  a  95-cwt  Condie  hammer  at  Steyer,' 
making  60  to  GO  4  ft.  strokes  per  minute,  which  does  the  blooming 
and  welding  for  two  double  puddling  and  two  reheating  furnaces,  the 
steam  being  generated  in  two  boilers,  each  22  ft.  long  and  ft  in 
diameter,  by  the  waste  heat  of  a  single  reheating  furnace. 

An  elaborate  mechanical  analysis  of  the  steam-hammer,  as  well  as 
of  the  various  forms  of  lever-hammers,  is  given  by  Weisbach.3 

■  Jfthrliuth,  vol.  iv.        •<  Inp  nieur  imd  Maschineu  Meclianik,  :i.  pp.  1270- 1340. 


50  lbs.  jier  wq.  iuch. 
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Patents  relating  to  Steam-hammers. 

These  have  heen  selected  to  show  the  progress  of  invention  from  the 
single  to  the  double  acting  hammer.  The  extracts  refer  to  hammers 
lifted  by  steam  pistons  only,  and  not  to  stamp-hammers  lifted  by  cams 
or  other  rotary  mechanism. 

James  Watt.  April  28,  1784.  No.  1432.— In  this  specification, 
which  is  of  a  very  comprehensive  character,  being  mainly  occupied 
with  transmission  and  change  of  motion  in  steam-engines,  is  described 
a  plan  for  moving  hammers  by  steam-engines  without  the  use  of  rotary 
motion  either  by  attaching  the  piston  direct  or  using  a  helve  or  lever, 
and  working  the  helve  by  a  strap  or  rod  attached  to  the  end  of  the 
working  beam  opposite  to  the  steam  cylinder.  Tho  direct-acting 
modern  form  does  not  here  appear  to  have  been  contemplated,  if  we 
may  judge  by  the  illustrative  figure  which  represents  a  small  forge- 
helve  of  5  cwt.,  which  is  lifted  by  a  Tod  in  the  position  of  the  con- 
necting rod  in  an  ordinary  rotary  beam-engine.  The  diameter  of  the 
piston  is  stated  to  bo  15  in.;  the  engine  is  single-acting  and  con- 
densing ;  the  force  of  the  blow  is  increased  by  a  spring  beam  which 
drives  the  hammer  down,  according  to  the  construction  then  current 
in  most  European  forges. 

W.  Deverell.  June  t>,  1800. — This  patent  contains  projects  only,  and 
is  not  illustrated ;  it  includes  many  ideas  that  have  been  revived  in  later 
times,  such  as  the  use  of  solid  hammer  bars,  high-pressuro  steam  and  com- 
pressed air  for  the  return  stroke,  as  shown  in  the  following  extracts  :- 

14  At  the  end  of  the  rod  that  comes  out  of  tho  cylinder  is  a  hammer 
either  made  fast  to  tho  rod  by  welding  or  in  any  other  proper  way. 

M  The  steam  from  tho  boiler  is  let  in  underneath  tho  piston  ;  tho  air 
at  the  top  of  the  piston  will  then  be  compressed  by  tho  superior  pres- 
sure of  the  steam.  After  the  piston  has  been  raised  to  a  given  height 
there  will  be  an  opening  made  from  tho  under  side  of  the  piston  to 
a  vacuum,  or  tho  steam  may  be  let  out  into  the  common  air ;  the  com- 
pressed air  at  tho  top  of  tho  piston  will  then  drive  down  tho  hammer 
with  a  velocity  equal  to  what  it  may  be  compressed. 

M  The  weight  of  the  hammer  may  be  made  equal  to  the  pressure  of 
the  steam,  so  as  to  work  without  springs." 

James  Nasmyth.  June  9, 1842.— Contains  the  first  drawings  of  tho  per- 
fected single-acting  hammer.  Tho  method  of  employing  a  steam-cushion 
at  the  change  of  stroke  and  top  steam  for  the  down  stroke  is  noticed,  but 
said  not  to  be  as  advantageous  as  tho  more  simple  construction. 

James  Nasmyth.  No.  9850.  Jan.  4,  1843.— This  patent  contains 
the  steam  pile-driver,  and  describes,  among  other  modifications  in  tho 
construction  of  steam-hammers,  a  plan  for  the  use  of  an  air  or  steam- 
cushion  on  the  upper  face  of  the  piston  for  tho  purpose  of  limiting  the 
up  stroke  and  adding  force  to  the  descending  piston  at  tho  commence- 
ment of  its  fall. 

John  COOTIE.  No.  11,41 1.  Od.  15,  1846.— Contains  the  first  descrip- 
tion of  the  single-acting  moving-cylinder  hammer  with  compressed 
air-cushion ;  also  describes  a  plan  for  cooling  the  faces  of  hammers, 
squeezers,  and  anvils,  by  a  current  of  water  circulating  through  them. 
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B.  Wilson.  No.  11,707.  June  2(5,  1847.— Describes  a  hammer 
similar  in  general  principles  to  CondiVs,  with  moveable  cylinder  and 
fixed  piston,  with  a  tubular  piston  rod. 

Nasmyth  and  Gaskku..  No.  12.074.  Feb.  23, 1848. — Contains  many 
improvements  in  the  valve  gearing  of  the  single-acting  hammer,  espe- 
cially the  use  of  auxiliary  steam-pistons  for  moving  the  slide  valves. 

R,  Mor.iusos.  No.  1843.  Aug.  0,  18,*»3.— The  distinctive  features  of 
this  patent  are-  1.  The  use  of  hammer-blocks,  piston,  and  rod  forged 
into  one  mass.  2.  Carrying  the  rod  through  the  top  cylinder  cover. 
3.  Farming  the  guides  on  across-head  above  the  cylinder.  4.  Arrange- 
ment of  the  cylinder  as  a  bracing  to  the  standards  of  the  framing, 
whereby  the  hammer  stands  clear  in  front  of  the  framing. 

YV.  Naylor.  No.  821.  April  7,  1854.— This  patent  revives  the 
idea  of  the  condensing  hammer,  the  down  stroke  being  made  against  a 
vacuum  produced  in  a  condenser  of  a  very  peculiar  construction.  A 
strong  steel  spring  is  placed  at  the  top  of  the  cylinder  for  the  double 
pur]K>so  of  accelerating  the  down  stroke  and  stopping  the  lift.  The 
piston-rod  is  formed  of  two  pieces,  a  tuln?  which  forms  the  guide  work- 
ing through  the  packing  in  the  stuffing-box  and  an  intemal  solid 
rod.  one  end  of  which  carries  the  hammer,  while  the  other  is  attached 
to  the  piston  by  a  ball  and  socket-joint. 

\Y.  Hiuby.  No.  2f>.  Sept.  3,  18o4.— Tho  distinguishing  feature  of 
this  construction  is  the  suppression  of  the  guides.  The  piston  is  kept 
straight  by  the  use  of  an  elliptical  or  polygonal  rod  working  through 
a  stuffing-box  of  a  corresponding  form.  Owing  to  the  great  thickness  of 
the  rod  the  under  surface  of  the  piston  is  much  smaller  than  the  upper 
surface;  the  steam  used  at  full  pressure  for  lifting  is  afterwards  used 
expansively  on  the  top  of  the  piston  for  driving. 

YY.  Xailor.  No.  24 19.  Oct.  30,  18.r>o. — A  double-acting  hammer, 
working  with  full-pressure  steam  on  both  sides  of  the  stroke,  contains 
a  plan  for  preventing  the  piston  from  tinning  when  no  parallel  guides 
are  used  by  attaching  it  eccentrically  to  its  rod.  The  specification 
also  contains  a  description  and  figure  of  a  horizontal  hammer  to  be 
used  as  a  riveting  machine. 

Other  steam-hammers  have  been  patented,  but  scarcely  any  of  them 
require  particular  notice.  There  is,  however,  one  which  should  not 
be  passed  over  without  comment:  it  is  that  patented  by  P.  A.  Le 
Comto  de  Fontainemoreau,4  a  well-known  name  in  England  in  connec- 
tion with  patents.  It  is  gravely  proposed  that  in  order  to  prevent 
cooling,  the  operation  of  forging  should  tako  place  in  the  interior  of  the 
furnace  (!).  For  this  purpose  a  vertical  steam-hammer  passes  through 
the  furnace,  into  which  tho  anvil  also  projects  from  below.  The 
scheme  might  possibly  succeed  if  the  hammer  and  anvil  were  formed 
of  a  metal  which  would  neither  oxidize  nor  soften  at  high  tem- 
peratures; but  with  hammers  and  anvils  of  iron  the  idea  is  so  ah>urd 
that  it  is  difficult  to  conceive  how  any  person,  having  the  slightest 
knowledge  of  the  properties  of  iron,  should  ever  have  propounded  it 


♦  Impruv.  nu  nt*  in  forging  irr.n,  A.D.  1855,  Sept.  27.    No.  2152. 
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Squeezers. 

Crocodile  squeezer. — The  accompanying  engravings,  figs.  17#,  179, 
have  been  executed  from  drawings  of  one  of  these  machines  at  the 
Bromford  Iron-works,  prepared  under  the  direction  of  my  excellent 
friend,  Mr.  George  Shaw,  of  Birmingham.  A  ball  is  shown  in  its  proper 
position.  The  action  of  the  machine  will  be  perfectly  intelligible,  with- 
out any  elaborate  description.  The  upper  jaw  alone  is  moveable,  and  it 
is  ribbed  or  serrated  on  its  under  surface,  where  it  comes  in  contact  with 
the  ball.    The  term,  crocodile,  is  with  propriety  applied  to  this  kind 


t".g.  Ki*.  Crnoudilc  Squeezer.  Si<le  eirvntion. 


■ 


Fig.  179.  Cr»»coiile  SqucpziT.    Kml  elevation. 
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of  squeezer,  as,  I  think,  will  be  admitted  from  an  inspection  of  tlie 
engravings.  The  first  squeezer  mentioned  in  the  Abridgments  of  Spe- 
cifications relating  to  the  Manufacture  of  Iron  and  Steel,  is  that  of 
John  Hartop.*  Squeezers,  variously  modified  in  minor  details,  are 
very  extensively  employed,  as,  for  example,  in  the  Rail  Mills  of  South 
Wales.  In  1854,  Mr.  W.  H.  Dawes,  proprietor  of  the  Bromfom 
Works,  obtained  a  patent  for  working  blooms  by  the  combined  opera- 
tions of  squeezing  and  subsequent  hammering.* 


Hg.  180.  Notary  Sjurowr.    Horizontal  section  on  the  lino  A  II,  fig.  1*2. 


 i  ;  t  i  f  ■  a — i — * — J — ? 

Fig.  181.  Rotary  Sqnoezer.  I'lan. 

4  A.D.  180.r».  Nov.  7.    N.»  2888.  6  A  D.  18f>4,  Sept.  1!>.    No.  2019. 
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Horizontal  Rotary  S(/ueezer. — It  is  an  American  invention,  and  was 
patented  by  Gerard  Ralston  in  1840/  The  accompanying  engravings, 
figs.  180  to  183,  have  also  been  executed  from  drawings  of  this  machine 
at  the  Bromford  Iron-works,  prepared  under  the  direction  of  my  friend, 
Mr.  George  Shaw.  It  consists  of  a  strong  cast-iron  wheel,  fig.  180  6, 
ribbed  or  serrated  on  its  outer  surface,  which  has  its  axis  vertical, 
and  revolves  eccentrically  within  a  strong  cylindrical  cast-iron  frame, 
also  ribbed  or  serrated  on  its  internal  surface,  fig.  180,  a.  The  lull 
is  introduced  in  the  position  of  the  arrow,  fig.  180,  when  it  is  im- 
mediately caught  by  the  wheel  rotating  in  the  direction  of  the  arrow, 
and  is  carried  round,  becoming  more  and  more  compressed  in  its 
course,  until  it  nearly  reaches  the  place  where  it  entered,  when  it  is 
upset  by  a  catch,  shown  in  figs.  181  c  and  182,  and  taken  away.  It 
leaves  the  machine  in  a  roughly  cylindrical  form  or  "  roll,"  and  is 
immediately  afterwards  passed  through  the  puddle-rolls,  when  a 
further  amount  of  liquid  cinder  is  extruded  from  it,  especially  along 
tho  axis. 

Vertical  Rotary  Squeezer.—  In  1843  a  patent  was  obtained  by  George 
Benjamin  Thornoycroft  for  a  rotary  squeezer  similar  to  that  la&t 
described,  with  the  exception  that  the  axes  of  the  wheel  and  frame 
were  horizontal." 

Mr.  John  Arrowsmith  has  recently  patented  a  squeezer  on  the  same 
principle,  which  I  have  seen  in  operation  at  the  Bromford  Iron- works ; 
but  its  working  was  not  altogether  favourable,  and  the  old  machine 
with  the  axes  vertical  was  preferred. 

In  1857  a  patent  was  granted  for  11  Improved  Machinery  for  Bloom- 
ing Iron.'"  It  consists  essentially  of  two  vertical  rotary  squeezers, 
one  immediately  over  tho  other,  and  so  forming,  as  it  were,  one  conti- 
nuous squeezer.  Tho  ball  is  put  into  the  upper  part  of  the  machine, 
and,  as  it  leaves  this  at  tho  bottom,  it  drops  into  the  lower  part  or 
second  squeezer,  of  which  the  eccentric  roller  or  wheel  revolves  in  an 
opposite  direction  to  that  of  the  upper  squeezer.  The  upper  concave 
frame  or  box  forms  tho  letter  S  with  tho  lower  one.  The  rollers  and 
inner  surfaces  of  the  frames  are  serrated  or  ribbed  as  usual.  There  are 
convenient  arrangements  for  raising  the  ball,  etc.,  for  an  account 
of  which  I  must  refer  to  the  original  specification  and  illustrative 
drawings.  This  squeezer  has  been  tried  at  Ilighfields  Iron-works, 
Bilston. 

llroxcns  Shingling  Machine. — A  patent  was  obtained  for  this  machine 
111  1847. 10  It  is  ingenious  and  effective,  but  has  become  unpopular, 
owing  to  frequent  breakages.  Mr.  Menelaus,  however,  informs  me 
that  in  his  opinion,  by  suitablo  modifications  it  would  answer  its  pur- 
pose well.    Mr.  Faiihairn  considers  it  to  bo  "one  of  the  most  perfect 


7  A.D.I 840,  Fob.  22.  No.  8389.  "Im- 
provements in  rolling  puddle-hulls  or  other 
iiiitHMt'H  of  iron." 

s  A.L).  1848,  Dec  28    No.  99JXJ. 

9  To  Jumefl  AhlK.t,  jan.,  Kicluinl 
Hundley  Thomas,  John  Young,  mid  James 
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Doubling,  and  Piling  Iron.  Ji-n»niiali 
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BROWN'S  SHINGLING  MACHINE.  707 


I- if?.  1*4.  Brown'*  Shingling  Macbiuc. 
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machines  "  of  the  class  of  squeezers.1  I  went  once  to  see  it  in 
operation  at  Iron-works,  at  Smethwick,  near  Birmingham,  when  un- 
fortunately the  spur-wheel  broke  immediately  after  the  engine  started, 
and  I  was  disappointed.  The  accompanying  engravings  are  copied 
from  the  drawings  published  with  the  specification,  and  from  the  latter 
the  following  description  is  extracted. 

Fig.  184  a  represents  a  side  elevation  of  the  machine;  fig.  184b 
represents  a  vertical  section  through  the  lino  a.  fig.  184 A;  and  fig. 
184  c  represents  an  end  view  of  the  rolls  and  the  pinions  thereon, 
and  the  pinion  by  which  the  rolls  arc  driven.  This  machine  consists 
of  three  rolls  a\  by  c,  placed  in  the  relative  situations  shown  in  the 
section,  fig.  184  b.  The  lower  roll,  6,  differs  from  the  others  in 
having  at  each  end  an  outside  collar,  <:/,  between  which  collars  the 
other  rolls  work  ;  the  roll  a  is  capable  of  adjustment  by  the  screws,  f, 
and  the  roll  <■  is  capable  of  yielding  if  the  ball  of  iron  introduced  be 
larger  than  is  suited  to  the  rolls.  /,/,  are  three-threaded  screws,  one 
of  which  presses  at  each  end  of  the  axis  of  the  roller,  c;  pinions,  <7.  <7, 
on  these  screws  engage  in  tho  toothed  wheel,  h  ;  i  is  a  lever  attached 
to  the  toothed  wheel,  h  ;  j  is  a  weight  on  this  lever.  When  the  ball 
of  iron  introduced  between  the  rolls  is  larger  than  thev  are  calculated 
to  receive,  the  pressure  of  the  ball  on  the  roll,c,  causes  the  screws././, 
to  retire  ;  when,  by  the  partial  rotation  of  the  rolls,  the  ball  of  iron 
is  reduced  in  size  and  the  pressure  on  the  rolls  is  diminished;  the 
weight,  /,  acting  through  the  lever,  t,  and  wheel,  A,  produces  the  rota- 
tion of  the  screws,  /,  /,  and  the  advance  of  the  roll,  c.  The  rolls  are 
represented  in  fig.  184  n  in  the  position  which  they  occupy  when  the 
ball  of  iron,  k,  has  been  rolled  and  squeezed  and  is  about  to  fall  from 
the  rolls ;  after  tho  ball,  k,  has  fallen  from  the  rolls,  and  these  have 
performed  about  one-tifth  part  of  a  revolution,  they  are  fitted  to 
receive  another  ball  of  iron.  The  ball  of  iron  falls  on  the  bed-plate  / 
of  the  machine,  and  it  is  then  pressed  endwise,  or  in  the  direction 
•  of  its  length,  by  the  following  mechanism: — m  is  a  crank  on  the  axis 
of  the  lower  roll  ;  this  crank  is  connected  by  the  rod,  «,  with  the 
bell-crank  lever,  o.  and  by  the  operation  of  the  crank,  m,  the  ball  of 
iron  is  compressed  between  the  vertical  ami,;),  of  the  bell-crank  lever 
and  the  holster,  q.  It  will  be  seen  by  reference  to  fig.  184  c,  that  all 
tho  rolls  revolve  in  the  same  direction. 


Puddling  or  Puddle  Kolls. 

For  the  drawings  from  which  the  accompanying  engravings,  figs 
185,  180,  have  been  executed,  I  am  indebted  to  the  Ebbw  Vale  Iron 
Company.  The  term  forge-train  is  frequently  applied  to  a  series  of 
two  pairs  of  rolls,  by  means  of  which  the  slab  or  bloom  is  converted 
into  puddled  bars.  Every  part  of  the  machinery  should  he  very 
strong.    The  rolls  aro  of  strong  cast-iron,  such  as  mottled.   The  first 


<5  I™' I  06  Ui*tory*  ^orc'thf.  and  Proccsse*  of  Manufacture.   By  William  Fairtjairn. 


Digitized  by  Google 


PUDDLING  ROLLS  — COMPOSITION  OF  PUDDLED  BARS.  700 


pair,  on  the  left,  termed  "  roughing- down  rolls,"  has  a  series  of 
angular  grooves  turned  on,  which  gradually  diminish  in  size  towards 
the  right,  and  which  are  roughened  hy  indentations  made  with  a 
chisel.  The  other  pair,  on  the  right,  termed  "  finishing  rolls,''  has  a 
series  of  flat  grooves  turned  on,  which  also  diminish  in  size  towards 
the  right  The  bloom,  on  leaving  the  hammer  or  squeezer,  and  while 
still  at  a  high  temperature,  is  first  passed  through  the  largest  groove 
of  the  rough ing-dowu  rolls,  and  afterwards  in  succession  through  the 
other  grooves  of  both  pairs  of  rolls,  when  at  last  it  is  extended  into  a 
long  flat  bar,  generally  pretty  rough  on  the  surface,  which  is  designated 
"puddled  bar,"  or  44  No.  1  iron."  A  copious  supply  of  water  is  always 
required  for  cooling  the  rolls,  bearings,  etc.,  and  this  is  conveyed 
through  pipes  suspended  above,  and  by  channels.  Every  time  the 
iron  has  passed  through  the  rolls,  it  has  to  be  put  back  over  the 
upper  roll,  which  must  entail  considerable  expenditure  of  labour 
aud  time.  In  order  to  avoid  this,  reversing  rolls  have  been  em- 
ployed, so  that  immediately  the  iron  has  passed  through,  the  motion 
of  the  rolls  is  reversed,  and  it  is  passed  back  through  the  next 
groove,  etc.  I  have  seen  rolls  of  this  kind  in  operation  at  the  Blaina 
Iron-works. 

Where  merchant  bars  and  rails  are  made,  puddled  bars  have  generally 
the  following  dimensions:  3  in.  by  I  in.,  and  from  15  ft.  to  18  ft.  in 
length ;  and  5  in.  by  1  in.,  and  about  14  ft.  in  length.  When  intended 
for  sheets  and  boiler-plates  they  are  rolled  from  6  in.  to  15  in.  wide ; 
aud  the  blooms  from  such  bars  are  doubled  under  the  hammer,  and  re- 
heated before  being  rolled. 


Composition  of  Puddled  Bars. 

L  II. 


a  b               c  ii  b  0 

I  tun                   07718  1*7-670     07  727       08  541     1)8330     08  300 

Mangnnt'Hr  j  0  014 

Nickel                 0  025  0  008 

Cobalt  I 

Copper                 0  001  O'OOl 

Antimony             0*001  0  005 

Titanium              traces  traces 

Calcium                0-073  0  002  0-073 

Magnesium           traces  tract  S 

Carbon  *  

Silicon                 0  257  0  203  0  131 

Sulphur              0-200  0*065 

Phosphorus          0  707  0  700  0  424  0'4I2 


08  001  00-244 
•  Not  determined. 


I.  Analysis  by  Mr.  E.  Riley,  at  the  Dowlais  Iron-works.  "  Boiled 
bar,"  i.  e.  common  puddled  bar  made  at  Dowlais,  and  used  for  the 
centre  of  rails.  II.  Analysis  by  Mr.  E.  Hiley,  at  the  Dowlais  Iron- 
works.   Puddled  bar  made  at  Dowlais,  and  used  for  cable-bolts. 
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Disulphu r izatio n  of  Pig-iron  in  Puddling  by  the  addition 

of  Litharge  (PbO). 

Experiments  on  this  subject  have  been  conducted  by  Richter,  of 
Leoben,  at  Frantsehach.  near  Wolfsberg,  in  Carinthia.  Pig-iron  was 
operated  on,  which  contained  bo  much  sulphur,  that  the  puddled  bars 
made  from  it  could  not  be  rolled.  In  order  to  test  the  efficacy  of 
litharge,  a  charge  of  7  ctrs.  (about  7  cwts.)  was  melted  in  a  double 
puddling-furnace,  with  the  addition  of  3  lbs.  of  sulphide  of  iron,  and 
\  lb.  of  phosphide  of  iron.  To  the  pig-iron  when  molten,  3  lbs.  of 
litharge  were  added  and  thoroughly  stirred  in ;  when  the  metal  boiled 
well,  owing,  it  is  alleged,  to  the  combustion  of  the  carl>on  by  the 
oxygen  of  tho  litliarge.  The  reduced  lead  was  immediately  reoxidized, 
a  thin  liquid  slag,  rich  in  oxide  of  lead,  being  formed.  The  oxide 
in  this  slag  was  again  reduced,  and  the  resulting  metallic  lead  oxidized 
afresh,  and  so  forth.  In  1+  hour  from  the  beginning  of  the  process, 
tho  balls  were  taken  out,  and  welded  into  good  blooms  under  the 
hammer,  which  without  further  trouble  were  rolled  into  bars.  The 
loss  was  11  °/0i  whereas  usually,  in  the  ordinary  method  of  puddling, 
it  amounted  to  18 %  A  heat  lasted  2$  hours,  and  the  balls  required 
very  careful  hammering  to  prevent  their  crumbling  to  pieces.  The 
iron  thus  produced  was  neither  red  nor  cold-short*  On  subsequent 
trial  of  litharge  at  Zeltweg,  in  Styria,  less  satisfactory  results  were 
obtained.' 


WORKING  OF  THE  FI  DDLED  BAR  INTO  MERCHANT  OR 

FINISHED  IRON. 

Tho  puddled  bars  are  cut  by  shears  into  short  pieces,  varying  in 
length  according  to  requiiements.  These  are  piled  in  ]*ackets,  which 
are  raised  to  a  welding  heat,  then  hammered  and  rolled  into  bars; 
or  rolled  at  once  into  Kirs  without  hammering.  The  operation  of 
heating  is  effected  in  special  furnaces,  termed  reheating,  mill,  or 
balling-furnaces,  and  frequently  on  the  Continent  welding-furnaces. 
The  term  billing-furnace  is  objectionable,  as  nothing  resembling  a 
ball  is  concerned,  and  it  is  particularly  liable  to  be  confounded  with 
the  paddling -furnace  in  which  balls,  properly  so  designated,  are 
produced.  Keheating-fumaco  is  unmistakeable,  and,  1  submit,  should 
therefore  be  preferred  to  tho  other  terms. 

Keheatlno-Fcknace  with  Coal  as  Fuel. 

The  accompanying  engravings  represent  one  of  the  reheating- 
furnaees  at  the  Bromfbrd  Iron-works.     They  have  been  executed 

|  JnJuvtf-Bericht  Waguer,  1061,  p.  a:;. 
l»"K-un.|  Hiitti  imiaumVhe*  Jalirbwh.    Fuller.  |8tf],  1 1.  p.  30ft 
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from  large  working  drawings  expressly  prepared,  anil  carefully 
examined  by  Mr.  Ark  install,  the  manager.  The  furnace  is  rcver- 
beratory,  and  the  peculiarity  is  that  the  bottom,  on  which  the  irou 
is  heated,  and  which  is  made  of  sand,  slopes  down  from  one  side  to 
the  other,  and  from  the  end  near  the  fire-bridge  to  the  Hue  at  the- 
opposite  end,  so  that  any  liquid  cinder  formed  may  run  from  every 
part  of  the  bottom  into  the  flue,  where  it  escapes  through  a  hole  left  for 
the  purpose.  The  construction  of  this  furnace  will  be  easily  understood 
from  the  engravings  and  the  accompanying  short  explanatory  notes. 
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Klg.  193.       End  elevation  of  the  Black,  with  the  Fig.  184.   Vertical  section  of  the  stnek 

damper  raided.  thronph  the  middle. 


a,  187,  190,  192.  Fire  or  stoke-hole. 

b,  b\  187,  190.  Working  doors,  through  which  the  iron  to  bo.  re- 
heated is  introduced. 

c,  189,  190,  195.  Sand-bottom. 

c,  190,  195.  Sand  bottom,  showing  thickness. 
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e/,  190,  195.  Rubble  work  of  old  fire-brick,  fire-brick  ends,  etc. 

e,  187,  189,  190,  196.  Hole  through  which' the  cinder  flown  out  of 
the  furnace.  The  hole  itself  is  not  actually  indicated  in  figs.  187, 
189,  but  only  its  position.  In  front  of  it  on  the  outside  is  a  sort  of 
shallow  fender  of  cast-iron,  within  which  coal  is  kept  burning  in  order 
to  prevent  tho  solidification  of  the  cinder  in  the  hole. 


Fig.  197.     Plan  of  the  damper.    The  letters  c-b  Indicate  common  brick,  and  the  letters  f-b  fire  brick. 


The  furnace  is  supported  at  the  sides  and  ends  by  cast-iron  plates, 
fastened  at  the  top  by  wrought-iron  tie-rods. 

Reheating-Furnace  with  Gaseous  Fuel,  or  Gas-welding  Furnace. 

An  account  of  the  furnace  which  I  have  selected  for  illustration  lias 
been  given  in  the  First  Part,  and  will  be  repeated  in  this,  with  addi- 
tional observations.  It  was  devised  by  Mr.  Ekman,  and  has  been  suc- 
cessfully in  operation  at  his  iron-works  in  Sweden  during  several  years. 

Tho  accompanying  woodcuts  have  been  executed  from  engravings 
in  tho  Jem-Kontorets  Annaler  for  1850,  which,  with  the  exception  of 
some  differences  in  minor  details  since  introduced,  have  been  copied 
by  Tunner  in  his  account  of  the  Swedish  iron  manufacture  published 
in  1858/  Wood  charcoal  is  the  fuel  employed.  Fig.  198.  Side  ele- 
vation of  tho  furnace. — Fig.  199.  Elevation  of  the  gas-generating 
chamber,  which  I  will  call  tho  gas-chamber,  on  tho  line  EF,  fig.  200. 


4  Das  EispnhtittenwoMO  in  Bchveden,  Kioihrig,  1858. 
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—Fig.  200.  Vertical  section  on  the  line  AB,  fig.  201.— Fig.  201. 
Horizontal  section  on  the  line  KLM,  fig.  200. — Fig.  203.  Horizontal 
section  of  the  gas-chamber  on  the  line  FG,  fig.  200. — Fig.  202. 
Horizontal  section  of  the  gas-chamber  on  the  line  III,  fig.  200. — 
Fig.  204.  Vertical  section  on  the  line  CD,  fig.  200. 

The  gas  chamber,  a,  is  built  of  fire-brick,  and  is  enclosed  within  a 
jacket  of  cast-iron,  a  free  space, /,/",  being  left  between  the  two.  In 
the  wall  of  this  chamber  there  are  two  rows  of  twyers,  e,  e,  e,  etc.,  the 
upper  one  containing  four  and  the  lower  one  three.  In  the  iron  jacket 
is  a  pipe,  </,  through  which  cold  air,  at  a  pressure  of  about  one  inch  of 
mercury,  is  introduced  into  the  space  /*,  f.  The  blast  in  its  passage 
through  the  space  fy  f  becomes  heated  to  from  90°  to  150°  C.  (TunnerJ. 
In  the  iron  jacket  opposite  the  twyers  are  small  corresponding  holes, 
9>9->  9,  etc.,  fitted  with  moveable  plugs.  On  the  top  of  the  gas-chamber  is 
a  hopper,  by  having  a  sliding  bottom,  c,  c,  through  which  fuel  is  sup- 
plied :  near  the  bottom  of  the  chamber  are  two  twyers,  e',  e\  one  on  each 
side.  The  gas-chamber  communicates  with  the  body  of  the  furnace  at 
the  fire-bridge  m.  In  the  roof  of  the  furnace,  on  the  right  of  the  fire- 
bridge, is  a  series  of  openings,  /,  /,  etc.,  connected  above  with  an  iron 
box,  i,  having  an  easily  moveable  lid,  and  communicating  with  the  free 
space,  f%  f,  by  two  iron  pipes,  A*,  k,  provided  with  stopcocks.  By  this 
arrangement  the  air  entering  through  the  pipe,  </,  passes  in  part  into 
the  interior  of  the  gas-chamber,  and  in  part  into  the  box,  i,  from  which 
it  descends  through  the  openings,  /,  /.  When  the  gas-chamber  is  filled 
with  ignited  fuel,  and  air  is  injected  through  the  pipe,  r/,  carbonic 
oxide  is  copiously  produced,  which  in  its  way  towards  the  fire-bridge, 
w,  is  met  by  currents  of  heated  air  from  tho  openings,  /,  /,  etc.,  and 
is  thereby  effectually  burned.  In  Tunner's  engravings  tho  blast, 
instead  of  being  thus  divided,  is  a  continuous  sheet  of  air;  and  the 
lower  twyers,  <?',  e',  are  omitted. 

The  iron  is  heated  in  tho  welding  chamber  included  between  the 
tire-bridge,  m,  and  the  opposite  bridge,  u,  and  is  introduced  through 
the  doors  7,  7,  7,  7.  The  heat  here  is  intense — sufficient,  it  is  stated,  to 
melt  wrought-iron  by  the  hundredweight.  When  hot-blast  is  used, 
the  flame  scarcely  extends  beyond  the  bridge,  n,  so  complete  and  rapid 
is  the  combustion  of  the  gas.  Beyond  the  welding  chamber  is  a  second 
chamber,  o,  where  the  iron  is  subjected  to  a  preliminary  heating  before 
its  introduction  into  the  former;  it  has  two  doors,  r,  r,  at  the  side,  and 
a  third  at  the  end,  t.  In  the  lower  part  of  the  stack,  />,  any  con- 
venient apparatus  for  heating  the  blast  may  bo  placed.  In  front  of 
the  doors  7,  7,  etc.,  r,  r,  arc  cast-iron  plates  for  convenience  of  manipu- 
lation.   The  tap-hole  through  which  the  cinder  flows  is  shown  at  ti. 

Trial  is  now  being  made  of  reheat ing-furnaces  of  this  kind,  with  coal 
as  the  fuel,  at  the  Ebbw  Vale  Iron-works;  and  some  difficulties  have 
been  met  with,  which  may  reasonably  be  expected  to  yield  to  perse- 
verance. The  heat  of  the  generator  is  so  great  as  to  melt  the  ashes 
and  form  clinker,  not  easy  to  remove.  The  care  fully -regulated  in- 
jection into  the  generator  of  superheated  steam  in  small  quantity, 
along  with  the  blast,  may,  possibly,  counteract  this  evil,  by  reducing 
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the  temperature  in  the  interior.  There  would  not  be  much  permanent 
loss  of  heat,  because  what  would  be  temporarily  abstracted  by  the 
decomposition  of  the  steam,  through  the  action  of  the  incandescent 
carbon,  would  be  again  given  out  in  the  welding  chamber  by  the  com- 
bustion of  the  resulting  carbonic  oxide  and  hydrogen.  A  little  car- 
bonic acid,  however,  appears  always  to  be  generated  when  steam  is 
thus  decomposed,  and  that  would  occasion  a  permanent  loss  of  a 
certain  amount  of  heat.  Caking  coal,  it  need  hardly  be  observed, 
cannot  bo  employed,  at  least  y*r  se,  in  the  generators  of  these  furnaces. 

One  great  advantage  of  this  method  of  reheating  is  the  diminution 
of  the  waste  by  oxidation  of  the  iron.  The  pressure  of  the  gas  and  air 
introduced  should  be  such  as  to  prevent  the  entrance  of  air  from 
without  through  the  sides,  etc. ;  and  the  mixture  of  gas  and  air  should 
be  so  regulated  as  to  produce  a  sensibly  non-oxidizing  flame.  Indeed, 
when  this  condition  is  fulfilled,  the  highest  temperature  is  attained. 
Mr.  Tarry  informs  me  that  the  workmen  at  the  Ebbw  Vale  Works 
have  been  much  struck  with  the  small  waste  of  iron,  compared  with 
what  occurs  in  ordinary  reheat i ng-fu maces  ;  and.  in  proof  of  the  fact, 
pointed  to  the  sharp  angles  which  the  bars,  forming  a  pile,  presented 
on  leaving  the  furnace  at  a  welding  heat. 

Tiling. 

The  cut  lengths  of  puddled  bars  are  packed  into  oblong  rectangular 
masses  or  piles,  which,  as  previously  stated,  are  raised  to  a  welding 
temperature  in  a  roheating-furnace,  and  then  rolled  out  into  "mer- 
chant bars,"  constituting  what  is  termed  44  No.  2  Iron;"  or  they  may 
be  rolled  into  any  other  desired  forms.  These  bars  of  No.  2  iron 
may  again  be  treated  like  the  puddled  bars,  to  produce  bars  of  "No.  3 
Iron."  When  necessary,  the  pieces  composing  a  pile  are  tied  firmly 
together  with  thin  rod-iron. 

The  size  of  a  pile,  as  well  as  the  quality  of  iron  of  which  it  is  com- 
posed, will  vary  according  to  special  requirements;  and  the  same  pile 
may  contain  widely  different  qualities  of  iron  in  different  parts.  Thus, 
in  the  case  of  rails,  the  interior  may  consist  of  puddled  bar,  the  top  of 
a  special  quality  of  iron  adapted  to  resist  wear,  as  well  as  lamination, 
and  the  foot  or  bottom  of  what  is  usually  designated  tough  fibrous  iron. 
Or  the  interior  of  a  pile  may  be  filled  with  small  scrap  iron,  such  as 
the  cuttings  of  bolts,  cut  nails,  etc.,  which  have  been  previously  freed 
from  rust  by  being  put  into  rotating  barrels,  when  the  surfaces  are  ren- 
dered bright  by  the  friction  of  the  pieces  against  each  other.  Indeed 
there  is  very  great  variety  in  the  mode  of  constructing  piles,  especially 
with  reference  to  the  particular  qualities  of  the  iron  employed;  and 
many  ironmasters  maintain  solemn  reserve  on  this  branch  of  their  art. 
To  do  adequate  justice  to  this  department  of  the  manufacture  of  iron 
would  require  much  more  space  than  can  possibly  be  devoted  to  it  in 
the  present  volume. 

Cross-piting.— This  expression  is  used  when  the  bars  in  a  pile  arc 
placed  crosswise  over  each  other,  so  that  the  direction  of  the  fibres  in 
"ne  ,a^or  m*V  be  at  right  angles  to  that  of  the  fibres  in  the  next  layer, 
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and  so  forth.  It  is  conceived  that  a  Bort  of  interweaving,  bo  to  speak, 
is  effected,  and  that  greater  strength  is  the  result.  In  rolling  plates, 
such  as  boiler  plates,  cross-piling  is  specially  resorted  to.  I  have  in  a 
former  part  of  this  volume  considered  the  effect  of  rolling  or  other 
mechanical  treatment  upon  tho  structure  of  iron,  and  need  not  here 
repeat  what  was  there  advanced  on  this  subject. 

Accidents  in  Rolling  Mills. 

Terrific  accidents  occasionally  occur  from  the  breakage  of  the  fly- 
wheel, which  must  necessarily  be  heavy,  and  revolve  at  a  high  velocity* 
Several  accidents  of  this  kind  have  taken  place  within  my  own 
knowledge.  In  exemplification  of  these  disastrous  results  I  present  the 
following  report  from  The  Tim's,  Nov.  22,  1859  : — 

"  About  eleven  o'clock  on  tho  night  of  Friday  last  a  most  destructive 
accident  occurred  at  the  extensive  iron-works  of  Messrs.  (iibbs  Brothers, 
Deepfields,  near  Wolverhampton,  by  which  a  large  iron-rolling  mill 
was  levelled  with  tho  ground,  ono  man  killed,  and  several  others 
severely  injured.  A  number  of  the  workmen  fortunately  had  gone  to 
supper,  and  others  were  disengaged  while  some  alteration  was  being 
made  in  tho  rollers,  when  suddenly  tho  large  driving  wheel,  some  tons 
in  weight,  broke  into  fragments,  which  were  propelled  on  all  sides 
with  great  force.  Several  of  tho  iron  pillars  that  supported  the  roof, 
the  principal  iron  beam,  and  several  of  the  lesser  ones,  were  broken, 
and  tho  entire  roof  shortly  afterwards  came  down.  Of  the  men  who 
were  in  the  mill  at  the  time,  one,  named  John  Taylor,  was  dug  out  of 
the  debris  insensible,  and  expired  shortly  afterwards ;  three  others  sus- 
tained severe  fractures  and  other  injuries,  and  two  or  three  escaped 
unhurt,  in  a  manner  little  short  of  miraculous.  The  whole  place  looks 
as  if  it  had  been  blown  up  with  gunpowder,  and  the  damago  is  esti- 
mated at  about  :i0007." 

Examples  op  Yields  op  Puddled  and  Finished  Ibon. 

The  yield  of  merchant  iron  will  vary,  especially  according  to  the 
nature  of  the  pig-iron,  tho  skill  of  the  puddler,  and  other  obvious  con- 
ditions. With  regard  to  the  influence  of  quality,  tho  proportion  of 
silicon  is  a  point  of  chief  importance.  When  pig-iron  containing  4°/0» 
or»  as  I  have  known,  even  G%  of  silicon  is  operated  on,  tho  loss 
must  be  comparatively  very  great ;  and  ironmasters  who  have  worked 
such  pig-iron  in  their  refineries  and  puddling  furnaces  have  been  as 
much  annoyed  as  puzzled  to  understand  tho  cause. 

South  Staffordshire.— In  the  neighbourhood  of  Dudley  the  ordinary  cal- 
culation is  24  cwts.  of  pig-iron  to  22  cwts.  of  puddled  bars,  and  1  ton 

I  cwt.  3  qre.  of  pig-iron  to  1  ton  of  puddled  bars  is  considered  good 
work;  but  with  an  unskilful  workman,  and  the  furnace  in  bad  order, 
a«  much  as  1  ton  4  cwts.  of  the  same  quality  of  pig-iron  has  been  used 
to  make  1  ton  of  puddled  bars.  The  following  returns  have  been  com- 
municated to  mo  by  Mr.  S.  H.  Blackwell  (Dec.  1851):— 726  tons 

II  cwts.  1  qr.  16  lbs.  of  puddled  bars  produced  f>48  tons  6  cwts.  8  qrs. 
<  lbs.  of  finished  or  merchant  bars,  i.e.  at  the  rate  of  1  ton  2  cwts.  1  qr. 
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10  lbs.  of  puddled  bars  to  1  ton  of  finished  bars;  or  1  ton  4  cwts. 
1  qr.  10  lbs.  of  pig-iron  to  1  ton  of  finished  bars.  In  a  return  subse- 
quently furnished  by  Mr.  Blackwell  (July,  1859),  1  ton  5  cwts.  2  qrs. 
1G  lbs.  of  pig-iron  were  used  in  making  1  ton  of  finished  bars.  In  the 
foregoing  statements  the  ton  of  2240  lbs.  is  adopted.  As  I  have  before 
mentioned,  No.  4  grey  forge-pig,  i.e.  pig-iron  verging  on  mottled  iron, 
is  usually  puddled,  in  South  Staffordshire  for  bars,  but  greyer  iron  for 
hoops,  wire,  rod,  etc. 

In  estimating  the  cost  of  production  of  finished  bars  in  South 
Staffordshire,  I  am  informed  (1859)  by  an  ironmaster  of  great  expe- 
rience that  a  result,  closely  approximating  to  the  truth,  will  be  obtained 
by  doubling  the  price  of  the  pig-iron  used,  and  adding  10*.  per  ton 
*  ^     of  bars. 

South  Wales. — In  1859  it  was  estimated  that  27  cwts.  of  white  pig-iron 
were  required  to  make  I  ton  of  finished  or  merchant  bars.  At  one 
largo  iron-work,  also  in  1859,  about  28  cwts.  of  white  pig-iron  were 
required  to  make  1  ton  of  rails;  and  at  the  same  establishment  as 
much  as  .'Jl  cwts.  of  white  pig  iron  had  been  consumed  in  making  1  ton 
of  rails.  At  another  large  iron- work  from  5  to  0  tons  of  coal  were 
consumed  in  making  1  ton  of  rails,  i.e.  inclusive  of  42  cwts.  of  coal 
used  in  smelting,  the  pig-iron  being  white. 

Manufacture  of  Kails. 

I  do  not  propose  to  enter  at  length  upon  this  important  department 
of  the  manufacture  of  iron,  which,  if  I  err  not,  is  destined  soon  to 
undergo  great  changes,  from  the  substitution  of  cast-steel  for  malleable 
iron.  In  illustration  of  the  machinery  employed  in  rolling  rails,  I 
have  selected  that  in  operation  at  the  Ebbw  Vale  Iron-works,  to  the 
proprietors  of  which  I  am  indebted  for  working  drawings,  from  which 
the  accompanying  engravings  have  l>ocn  executed.  Although  these 
engravings  arc  small,  yet  it  is  hoped  that  by  careful  inspection  they 
will  bo  found  clear  and  instructive. 

The  train  consists,  as  it  will  bo  perceived,  of  two  pairs  of  rolls,  with 
grooves  turned  on.  In  the  first  pair  of  rolls  on  the  left  the  pile  is 
gradually  reduced  to  a  solid  and  nearly  rectangular  bar  ;  and  in  passing 
through  the  succession  of  grooves  of  the  second  pair  on  the  right,  it 
gradually  acquires  the  form  of  the  rail. 

Each  form  of  rail  requires  rolls  specially  adapted  to  its  manufacture  ; 
and  some  forms  cannot  bo  produced  without  great  difficulty  and  much 
additional  expense. 

A  hard  top,  with  a  so-called  crystalline  fracture,  has  been  considered 
a  desideratum,  in  order,  as  far  as  practical,  to  resist  wear  and  lamina- 
tion. Iron  prepared  from  pig-iron  produced  in  smelting  ores  con- 
taining more  phosphorus  than  usual,  has  been  found  to  fulfil  this 
condition  ;  and  as  certain  varieties  of  Northamptonshire  ore  are  pretty 
rich  in  phosphorus,  they  have  been  expressly  smelted  at  some  iron- 
works in  order  to  furnish  suitable  pig-iron.  Iron  containing  a  sensible 
amount  of  this  element  is,  as  we  well  know,  cold-short ;  and  therefore 
no  rail,  it  is  obvious,  should  consist  entirely  of  such  iron.    But  when 
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Fig.  205.  Rail  Mill  at  the  Kbbw  Vnle  Iron-wotta. 
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applied  only  to  the  tops  of  rails,  the  case  is  different,  owing  to  the 
strong  tough  iron  underneath.  Yet  some  Russian  railway  engineers 
seem  to  entertain  a  very  different  opinion  ;  for,  in  a  large  contract 
with  a  certain  firm,  which  I  know  well,  for  rails  on  Russian  account, 
it  was  specified  that  the  rails  supplied  should  break  when  a  given 
weight  was  allowed  to  fall  upon  them  from  a  given  height.  I  have 
this  on  the  authority  of  my  friend,  the  manager  of  that  firm,  a  man  of 
the  highest  veracity.  The  Russians,  perhaps,  prefer  brittlencss  to 
lamination ;  or  there  may  bo  other  reasons,  which  it  is  not  difficult  to 
divine. 

Composition  of  the  Cinder  fkom  the  Reheating-Fubnace. 

It  is  generally  termed  mill  or  balling  furnace,  or  flue-cinder,  the  last 
appellation  being  suggested  by  its  running  out  from  the  flue.  It  is 
remarkable  how  few  trustworthy  analyses  of  this  cinder  have  been 
made,  or  at  least  published. 
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I.  Analysis  by  Mr.  E.  Riley  at  the  Dowlais  Iron-works.  No  details 
are  given.  The  composition  approximates  closely  to  the  formula 
liFeO,  SiO*.  II.  Analysis  by  Dugendt  in  Rammelsberg's  laboratory. 
It  is  described  simply  as  weldiug-furnaco  slag  from  Sweden.5  1 II.  Ana- 
lysis by  Rammelsberg.'  The  slag  was  from  a  gas-welding  furnace  at 
Wasseralfingen.  It  had  the  usual  colour,  was  largely  lamellar  and 
coated  with  thin  crystalline  plates,  presenting  a  structure  similar  to 
that  of  spiegeleisen,  and  its  specific  gravity  was  .'5*755.  Estimating 
the  sesquioxide  of  iron  to  exist  in  the  state  of  magnetic  oxide,  Rammels- 
berg deduces  the  formula  6*  (2FeO,  Si03)-f-FeO,  Fe20\  But  may  it  not 
have  originally  been  tribasic  silicate  of  protoxide,  and  the  protoxide 
afterwards  partially  converted  into  sesquioxide? 

The  oxido  of  iron  formed,  whatever  proportion  of  sesquioxide  it  may 
contain,  must,  on  coming  in  conlact«with  the  silica  of  the  bottom  of 
the  furnace,  be  converted  into  tribasic  silicate,  as  the  temperature  is 
sufficiently  high  to  decompose  sesquioxide  of  iron  under  the  influence 
of  silica. 

1  Lehrbuch  der  chemiachen  Metallurgie.    Rammelsberg,  p.  125. 

6  Op.  Hupra  cit.  p.  125. 
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PARTICULAR  VARIETIES  OF  SHEET-IRON. 
Tin-Plates. 

Sheet-iron  coated  with  tin  or  tin-plate  is,  as  every  one  knows,  an 
extensive  article  of  commerce.  There  are  what  aro  termed  charcoal- 
plates  and  coke  plates,  according  as  charcoal  or  coke  is  used  in  certain 
stages  of  the  manufacture  of  the  iron.  The  method  of  producing  the 
bloom  and  slab  from  which  charcoal  plates  are  derived  has  been 
described  ;  and  it  will  bo  borne  in  mind  that  charcoal  is  only  employed 
as  fuel  in  effecting  the  conversion  of  the  refined  metal  into  malleable 
iron  in  the  finery,  the  operations  of  refining  and  reheating  in  the  hollow 
fire  being  conducted  with  coke  as  the  fuel.  As  the  further  treatment 
of  the  slab  involves  tho  process  of  rolling,  its  consideration  was 
deferred  until  after  the  general  description  of  the  ordinary  machinery 
for  rolling  iron,  which  description  has  now  been  given.  Pig-iron,  which 
yields  a  somewhat  red-short  iron,  is  generally  preferred  for  tin-plates 
on  account  of  tho  toughness  of  this  kind  of  iron  while  cold. 

Charcoal-plates. — I  shall  present  a  summary  of  the  whole  process,  as 
conducted  at  Pentwrch,  Glamorganshire,  for  the  manufacture  of  **  best 
sheets  KG,"  which  stand  very  high  in  the  market.  For  this  descrip- 
tion I  am  indebted  to  Mr.  William  Thomas,  of  Merthyr  Tydvil  (I860).7 
To  make  1  ton  of  finer's  bars,  %\\  tons  of  pig-iron  aro  allowed,  and  o| 
sacks  of  charcoal  are  consumed  in  the  finery.  Tho  finer's  bar  is  the 
lump  made  in  the  charcoal-finery,  hammered  and  rolled  out  into  a  bar 
about  30  ft.  long,  G  in.  wide,  and  1£  in.  thick — often  more.  These  bars 
aro  cut  up  into  pieces  about  1  ft.  long,  piled,  and  reheated  in  the 
hollow  fire  as  previously  described.  To  produce  1  ton  of  44  finished 
charcoal  bars,"  24  cwts.  of  finer's  bars  are  allowed  ;  and  about  14  cwts. 
of  coke  are  consumed  in  the  hollow  fire.  The  proportion  of  coke 
will  obviously  vary  with  its  quality,  and  in  some  works  the  amount 
consumed  does  not  exceed  \2h  cwts. 

For  the  manufacture  of  tin-platos  tho  dimensions  of  the  finished 
charcoal  bar  vary  according  to  the  size  and  weight  of  tho  tin-plate,  or 
the  manner  of  rolling. 

When  the  bar  is  finished  it  is  taken  to  tho  rolling-mill,  where  it  is 
sheared  to  the  gauge  corresponding  to  the  description  of  plate  required. 
It  is  then  heated  to  redness  in  a  reverberatory  furnace,  rolled,  again 
heated,  rolled,  doubled,  heated  a  third  time,  rolled,  a  second  time 
doubled,  and  a  fourth  time  heated  and  rolled.  In  some  cases  the  heat- 
ing and  rolling  are  conducted  six  times.  The  length  of  the  bar  ex- 
ceeds by  about  I  in.  tho  width  of  the  sheet  to  bo  made,  so  as  to  allow 
for  the  shearing  process,  and  the  bar  is  therefore  rolled  with  its  axis 
parallel  to  that  of  the  rolls.  Great  attention  is  necessary  in  the  con- 
struction and  management  of  the  mill  furnaces,  so  that  the  heating  of 


7  I  have  incorporated  some  additional  \  from  Mr.  Kenyon  Blaekwell,  formerly  one 
detail*,  tuken  from  a  description  of  the  !  of  the  proprietors  and  the  manager,  and 
process,  as  conducted  at  tho  Pun ty pool  '  also  from  other  sources. 
Tin-plate  Works,  which  I  received  in  1853  I 


Digitized  by  Google 


TIN-PLATES  —  C  H  A  KCOAL-PLATES. 


tho  Kir  and  sheet  iron  for  rolling  may  be  effected  with  the  utmost  regu- 
larity, and  without  the  formation  of  scale  on  the  surface  of  the  bars  or 
sheets ;  for  when  scaling  takes  place,  from  the  draught  in  the  furnace 
being  too  keen,  or  the  heat  raised  too  high,  the  quality  of  the  iron  is 
injured.  The  scale,  if  subsequently  rolled  into  tho  iron,  leaves  a 
rough  surface  on  the  plates  when  it  is  separated  in  the  after  process 
of  "  pickling."  The  sheets  are  sheared  to  gauge,  and  afterwards  split 
or  separated,  and  the  process  is  termed  44  opening."  Before  tinning 
they  are  termed  44  black -plates."  Plates  on  which  a  minimum  of 
tin  is  to  be  used  are  rolled  heavier,  and  consequently  require  more 
iron,  than  those  which  are  to  bo  well  coated.  The  yield  of  4*  black- 
plate  "  is  from  80%  to  90%  oi  the  iron  used,  the  minimum  yield  being 
obtained  from  narrow  plates  rolled  in  one  length  and  doubled  three 
times,  thus  making  8  sheets  of  14  in.  x  10  in.  size;  or  doubled  three 
times  and  rolled  in  two  lengths,  making  16  sheets  of  14  in.  x  10  in. 
Tho  maximum  yield  is  from  wide  plates  doubled  only  once,  making 
4  sheets,  rolled  in  two  lengths.  Tho  usual  method  of  proceeding  for 
plates  which  are  not  very  thick  —  such  as  1  X  (the  trade  mark)  of 
14  in.  x  10  in.  or  14  in.  x  20  in.,  and  1  XX  of  14  in.  x  10  in.  and 
14  in.  x  20  in.— is  to  use  pieces  of  iron  sufficiently  heavy  for  16  sheets 
of  14  in.  x  10  in.  sizo,  or  8  sheets  of  14  in.  x  20  in.  size;  and  the 
method  of  arriving  at  the  weight  is  as  follows: — Say  for  1  X of  14  in. 
X  20  in.  (charcoal)  1 12  sheets  per  box. 

cwL   qr.  IN. 

Weight  whoa  tinned   110 

8h«irhom««  weight    1     0  23 

The  yield  of  «  black-plate  "  in  this  variety  would  be  87%, 

cwt   qr*.    Itw.  IU.  lbs. 

Then  1     0    23,  or         =  155. 

0-87 


which  is  the  weight  of  iron  required  for  1  box  of  plates.  And  as  each 
piece  of  iron  is  to  make  8  sheets,  14  pieces  would  bo  necessary  for 

155 

1 1 2  sheets.    Therefore,  rjy  =11  lbs.,  which  is  the  weight  of  one 

pieco  to  produce  8  sheets  in  2  lengths  doubled  twice. 

The  above  formula  will  apply  to  a  box  of  any  weight  of  the  same 
dimensions  rolled  in  tho  same  manner.  It  should  be  observed  that 
tho  oftener  a  plate  is  doubled  tho  greater  will  be  the  waste,  owing  to 
the  larger  amount  of  shavings  cut  off  from  the  extremities. 

Tho  plates  are  now  44  pickled,"  i.  e.  they  are  immersed  in  heated 
dilute  hydrochloric  or  sulphuric  acid,  consisting  of  about  16  parts,  by 
measure,  of  water  to  1  of  acid.  The  use  of  sulphuric  acid  made 
from  iron-pyrites,  and,  therefore,  likely  to  contain  arsenic,  is  care- 
fully avoided  in  tin-plate  works.  Tho  acid  is  contained  in  leaden 
troughs  Met  over  small  grates,  and  the  plates  are  put  in  edgewise,  and 
kept  slightly  in  motion  until  tho  whole  of  the  scale  has  been  detached 
and  dissolved.  Tho  outside  plates,  which  are  more  oxidized  by  exposure 
m  tho  mill  furnace  than  those  in  the  middle  (when  4  or  more  sheets 
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are  rolled  together),  are  separated  from  the  others  in  order  to  be  pickled 
by  themselves,  as  they  require  relatively  a  longer  immersion  in  the 
acid.  After  this  they  are  taken  out,  washed  in  2  or  3  waters,  and 
drained  on  a  stand.  They  are  next  subjected  to  a  bright  red  heat, 
during  from  12  to  24  hours,  in  closed  cast-iron  "annealing  boxes"  or 
"  pots,"  in  a  reverberatory  furnace.  The  lids  of  these  boxes  are  made 
tight  by  being  covered  to  the  depth  of  2  in.  or  3  in.  with  sand  or  burnt 
oxide  scale,  which  accumulates  from  this  process  in  the  annealing-house. 
The  heat  to  which  the  plates  are  thus  subjected  is  kept  as  high  as  it 
can  be  without  softening  them  to  such  a  degree  as  to  cause  them  to 
stick  so  last  together  as  to  prevent  their  separation  when  cold.  The 
door  of  the  annealing-furnace  is  on  a  level  with  the  floor,  and  the 
pots  are  wheeled  in  on  a  mil  way.  The  plates,  which  are  expected  to 
be  free  from  scale,  are  next  passed  cold  and  singly  through  3  pairs  of 
cold -chilled  rolls,  highly  polished  with  emery  and  oil.  The  rolls 
must  be  set  true  and  accurately  adjured,  in  order  to  give  the  plates 
a  perfectly  flat  set  and  a  well-polished  surface,  as  such  a  surface 
saves  tin,  and  is  essential  to  a  good  appearance  of  the  finished  plate. 
After  having  been  thus  cold-rolled,  they  are  again  annealed  or  softened 
at  a  lower  temperature  than  in  the  first  annealing  (as  their  surfaces 
would  be  damaged  by  being  in  any  degree  etuck  together),  dipped  in 
sulphuric  acid,  rather  more  diluted  than  previously,  and  placed  in 
cast-iron  troughs  containing  clean  water,  and  renewed  by  a  stream 
flowing  constantly  through.  After  remaining  a  short  timo  in  the  first 
water,  the  plates  are  carried  forward  to  other  troughs  to  be  examined 
singly,  and  scoured,  if  necessary,  with  sand  and  hempen  pads  before 
they  are  delivered  to  the  tinman.  Each  of  the  scourers,  of  whom 
there  is  one  to  each  tinman  or  set  of  44  tin-pots,"  has  two  troughs,  one 
to  receive  the  plates  as  they  come  forward,  and  the  other  to  receive 
every  plate,  one  by  one,  as  the  scourer  singles  them  over  and  examines 
them  on  both  sides,  to  remove  with  a  wad  and  sand  every  spot  and 
stain  of  acid  or  trace  of  scale,  in  order  that  the  plates  may  go  perfectly 
clean  and  bright  into  the  hands  of  the  tinman. 

The  "tinman"  (who  is  the  foreman  of  the  set  employed  to  tin 
the  plates,  comprising  a  44  wash-man,"  44  grease -boy,"  and  44  list-boy") 
receives  the  plates  from  the  scourer,  and  places  them  in  a  bosh  of 
water  near  him,  until  he  is  ready  to  remove  them  to  the  grease  pot. 

The  plates  are  taken  from  the  trough,  and  put  singly  into  the  44  tin- 
man's pot,"  which  is  full  of  melted  grease ;  and  they  are  left  there 
until  they  are  completely  coated  with  grease.  Tho  grease  by  use 
becomes  44  sticky."  Fresh  grease  is  not  suitable,  and,  according  to 
Mr.  Williams,  drives  olf  tho  water  from  tho  plates  mechanically,  as 
they  are  immersed  in  it  one  by  one.  Tho  temperature  of  this  pot  is 
very  low,  and  little  evaporation  of  water  takes  place,  except  when  it 
accumulates  on  the  surface.  The  grease  is  never  wholly  free  from 
water.  Tho  44 grease-pot"  and  the  other  pots  to  bo  mentioned  in 
the  sequel  are  of  cast-iron,  and  set  in  brickwork  over  fire -grates. 
They  are  arranged  in  a  row  before  a  side  light  ;  and  in  tin-plate 
works  which  I  have  visited  the  manipulation  takes  place  from  right  to 
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left.8  The  plates  are  next  plunged  in  parcels  into  the  "  tin-pot,"  contain- 
ing a  bath  of  molten  tin  covered  with  grease.  The  block-tin  emplo3'ed 
is  kept  melted  before  use,  with  sticks  of  wood  immersed,  whereby  it  is 
freed  from  certain  impurities  which  are  skimmed  off.  The  effect  of 
this  treatment  will  hereafter  bo  fully  explained  in  another  volume. 
From  this  they  pass  in  parcels  into  the  11  wash-pot,"  which  is  divided 
into  two  compartments,  one  larger  than  the  other.  This  pot  is  like- 
wise filled  with  molten  tin  covered  with  grease.  They  are  first  put 
into  the  larger  compartment;  and  as  this  pot  contains  tin  of  better 
quality  than  the  "tin-pot,"  and  as  its  temperature  is  comparatively 
low,  the  plates  can  be  kept  in  it  without  becoming  "  dry  "  until  the 
wash-man  is  prepared  to  brush  them.  Tho  temperature  is,  however, 
high  enough  to  perfect  tho  tinning  process,  in  caso  it  should  not  have 
been  properly  performed  in  the  "  tin-pot."  In  the  subsequent  opera- 
tions the  plates  are  treated  singly.  Tho  plates  are  withdrawn,  placed 
on  a  table,  and  wiped  on  both  sides  with  a  brush  of  hemp.  Then,  in 
order  to  obliterate  the  marks  left  by  tho  brush,  and  give  a  polish  to 
the  surface,  the  plates  are  dipped  in  the  second  or  smaller  compart- 
ment of  Ihe  "  wash-pot."  This  compartment  always  contains  the  purest 
tin ;  and  as  the  latter  becomes  alloyed  with  iron,  it  is  transferred  first 
to  the  larger  compartment  and  afterwards  to  tho  "  tin-pot."  Tho 
plates  are  now  removed  to  the  "  grease-pot,"  which  is  filled  with  a 
molten  mixture  of  equal  parts  of  Russian  tallow  and  palm  oil,  or  with 
palm  oil  alone,  and  which  requires  skilful  management  as  to  tem- 
perature. The  object  is  to  allow  any  superfluous  tin  to  run  off,  and 
the  quantity  so  removed  is  two  or  three  times  greater  than  what  is 
retained  on  the  plate.  Care  must  be  taken  to  keep  the  grease  hot 
enough  for  the  purpose,  but  not  so  hot  as  to  cause  oxidation  when  the 
plates  aro  withdrawn  and  exposed  to  the  air.  The  length  of  time 
during  which  the  tin-plates  remain  in  the  "grease-pot"  determines, 
with  groat  exactness,  the  quantity  of  tin  to  bo  left  on  thetn,  as  the 
contact  of  the  molten  grease  keeps  tho  tin  liquid,  and  allows  it  to  run 
off  the  plates  from  the  vertical  position  in  which  they  stand  in  the 
pot.  The  plates  next  go  into  the  44  cold  pot,"  and  are  left  exposed  lo 
the  air  to  cool.  As  the  excess  of  tin  drains  off  a  plate,  an  accumulation 
or  44  wire"  of  tin  is  left  at  the  lower  edge.  This  44  wire  "  is  removed 
in  the  44  list-pot,"  which  is  a  small  pot  containing  a  layer  of  molten 
tin  about  |  in.  deep,  and  kept  at  a  temperature  sensibly  beyond 
the  melting-point  of  tin.     The  lower  edges  of  the  plates  are  dipped 

8  In  the  First  Part  I  mentioned  tho  trickles  from  the  plates.  "  The  grey 
fact  of  a  dnrk-grey  powder  accumulating  \  powder, '  he  says,  "  must  have  heen  ob- 
in  the  grease-pot,  which  was  formerly  j  tuiuod  elsewhere.*'  However,  I  myself  took 
thrown  away,  in  ignorance  of  its  nature.  !  the  specimen  of  this  powder  from  the 
It  consists  for  the  most  part  of  finely-  grease-pot ;  and  there  appears  to  me  to  be 
divided  metallic  tin ;  and  one  specimen,  no  difficulty  iu  accounting  for  its  forma- 
which  I  brought  away  from  the  Pont-y-  j  tion.  It  consisted  for  the  most  part  of 
Mister  Works,  near  Newport,  contains  i  finely  divided  metallic  tin,  and,  no  doubt, 
C0°/o  °f  t'n-  Mr.  Williams,  of  tho  Morfa  ,  was  produced  just  in  the  name  way  as  the 
Tin-Plate  Works,  informs  me  that  there  !  finely  divided  mercury  in  blue-pill,  namely, 
should  be  no  accumulation  in  tho  grease-  by  friction  with  grease, 
pot  of  anything  but  the  molten  tin  which 
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in  the  44  list-pot,"  and  left  until  the  tin  forming  the  "wire"  is  per- 
fectly fused,  when  on  raising  the  plates,  always  singly,  and  giving 
them  a  quick  blow  on  the  surface  with  a  stick,  the  excess  of  tin  is 
detached.  The  plates  are  now  carefully  cleaned  by  working  each 
plate  edgewise  in  troughs  filled  with  bran  in  which  some  meal  has 
been  left ;  they  are  finally  nibbed  with  flannel,  and  then  taken  to  the 
assorting  room,  where  each  plate  is  separately  examined,  classed,  and 
packed  in  boxes  for  the  market. 

The  tests  of  quality  in  tin-plates  are  ductility,  strength,  and  colour; 
and  in  order  to  obtain  this  combination  of  qualities  in  the  highest  de- 
gree, the  iron  employed  must  be  of  the  best  description,  and  the  manu- 
facture conducted  with  proportionate  skill.  In  referring  to  tin-plates, 
the  standard  of  quotation  is  always  taken  at  1  0  (Common  No.  1). 
This  is  a  box  containing  225  plates,  which  should  weigh  exactly 
112  lbs.,  but  3  lbs.  under  or  over  are  tolerated. 

About  8  or  8|  lbs.  of  tin  are  used  on  an  average  per  box  of  tin-plates. 
The  quantity  of  mixed  metal  for  terne-plates  will  vary  from  10  lbs.  to 
14  lbs.,  according  to  the  proportions  of  lead  employed. 

Coke-jdates. — In  the  manufacture  of  these  plates  the  pnddling-furnace 
is  substituted  for  the  charcoal-finery.  AtPentwrch  23  J-  cwts.  of  crude 
pig-iron  are  allowed  for  1  ton  of  puddled  bars,  and  28  cwts.  of  puddled 
bars  for  1  ton  of  finished  bars  (No.  2  iron).  Tho  pig-iron  is  refined, 
and  tho  cliargo  for  puddling,  in  one  of  tho  double  puddling-fumaces 
here  used,  is  from  Ik  cwts.  to  8^  cwts.  Ono  refinery  supplies  one 
double  puddling-furnace,  which  yields  about  30  tons  of  puddled  bars 
per  week.  The  consumption  of  coal  is  15  cwts.  for  1  ton  of  puddled 
bars  (No.  1  iron).  In  producing  1  ton  of  finished  bars  (No.  2  iron) 
from  tho  puddled  bars,  21  cwts.  of  coal  are  consumed.  The  wages 
paid  for  refining  are  2s.  1GV.  per  ton,  and  for  puddling  5*.  6£  (Aug. 
1800).  The  puddled  bars  are  cut  into  lengths,  piled,  heated  in  a  mill- 
furnace,  and  hammered  into  slabs.  The  slabs  are  heated  in  what  is 
termed  a  44  wash-heat,"  and  rolled  into  finished  bars,  which  are  rolled 
into  sheets.  Tho  hammering  is  sometimes  omitted,  and  in  that  case 
the  pile  is  roughed  down,  reheated,  and  finished  in  the  bar-rolls. 

The  variety  of  tin-plates  called  44  terne-plates  "  are  coated  with  an 
alloy  of  tin  and  lead,  containing  from  to  f  of  lead  ;  and  coke-plates 
as  well  as  charcoal-plates  are  used  in  their  manufacture.  In  most 
first-class  works  44  terne-plates  "  are  made  from  the  latter,  the  former 
being  only  exceptionally  used.  Their  surface  is  dull,  compared  with 
that  of  tin-plates.  They  are  largely  exported  to  Canada,  and  there 
used  fur  roofing. 

Not  very  long  ago  1  had  the  opportunity  of  observing  in  tin-plates 
from  a  certain  establishment,  a  defect  which  mado  its  appearance  a 
short  time  after  their  manufacture.  The  whole  surface  became  more  or 
less  freckled  with  minute,  greyish-black,  dull,  protuberant  spots.  At  tho 
time  I  was  only  able  to  make  an  incomplete  examination,  and  could 
not  satisfy  myself  as  to  their  nature,  much  less  as  to  their  cause.  It  is 
therefore  almost  vain  to  hazard  a  conjecture  on  tho  subject.  However, 
I  conceived  that  possibly  there  might  have  been  something  unusual 
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in  tbo  process  of  pickling,  or  in  the  surface  of  the  plates  previously  to 
tinning.  In  the  First  Part  I  have  described  a  curious  defect  in  bra^s 
which  appears  some  time  after  the  processes  of  dipping  and  lacquering, 
and  which  may  have  some  analogy  with  the  defect  in  question.  Both 
hydrochloric  and  sulphuric  acids  are  now-a-days  frequently  contami- 
nated with  arsenious  acid ;  and  the  effect  of  this  might  be  the  deposition 
of  metallic  arsenic  upon  the  plates  pickled  in  acids  thus  impure.  But 
whether  arsenic  so  deposited  might  in  any  way  have  contributed  to 
produce  the  spots,  I  do  not  know,  though  1  should  think  not. 

Belgian  Sheets. 

The  Belgians  have  justly  acquired  a  high  reputation  for  the  manu- 
facture of  largo  thin  sheets  of  iron,  having  a  fine,  smooth,  glossy,  bluish- 
black  surface.  In  the  International  Exhibition,  1862,  several  firms 
showed  really  magnificent  samples  of  such  sheets.  The  character  of  the 
surface  is  evidently  due  to  a  thin  and  firmly  adherent  coating  of  oxide  of 
iron  ;  for  on  bending  the  corners  of  some  of  these  sheets  backwards  and 
forwards,  the  coating  was  detached,  leaving  underneath  a  white  metallic 
surface  of  iron.  The  glossiness  must,  I  should  suppose,  have  been  pro- 
duced by  rolling  after  the  formation  of  the  coat  of  oxide,  notwithstanding 
the  sheets  had  been  subsequently  annealed,  as  proved  by  the  absence  of 
rigidity ;  but  I  am  not  acquainted  with  the  details  of  the  manufacture. 

Russian  Sheets. 

The  Russians  are  renowned  for  a  particular  description  of  sheet-iron, 
which  they  alone  have  as  yet  been  able  to  produce.  Sheets  of  this 
iron  have  a  remarkably  smootli,  blacker,  and  more  glossy  surface  than 
the  Belgian  sheets ;  and  on  bending  them  backwards  and  forwards 
repeatedly,  I  have  never  succeeded  in  separating  any  coating  of  oxide. 
They  possess  great  tenacity.  The  method  of  their  manufacture  is,  1 
believe,  kept  rigidly  secret.  They  are  made  from  iron  smelted  and 
worked  throughout  with  charcoal  as  the  fuel.  1  am  informed  that  at 
the  last  stage,  after  the  completion  of  the  rolling,  they  are  hammered 
in  packets,  with  charcoal  dust  interposed  between  them,  and  afterwards 
assorted,  the  outer  sheets  being  inferior  in  quality,  and  put  aside 
accordingly.  The  manufacture  of  such  sheets  is  a  desideratum  in  this 
country,  and  tin-plate  makers  have  assured  me  that  the  man  who 
first  succeeds  in  the  attempt  may  expect  ample  remuneration.  The 
character  of  tho  surface  seems  to  diminish  the  tendency  to  rust.  I 
may  state  that  I  have  received  the  foregoing  information  respecting 
tho  Russian  plates  from  three  independent  sources. 

SLIT  RODS. 

These  rods,  which  are  square  or  rectangular  in  section,  are  formed 
by  tho  slitting-mill,  which  consists  essentially  of  a  pair  of  rolls 
having  a  series  of  narrow  sharp  edged  parallel  collars,  with  the  inter- 
mediate depressions  or  grooves  of  the  same  width.  The  collars  and 
grooves  are  produced  in  the  lathe ;  and  the  former  work  between  the 
latter,  leaving  spaces  sufficient  for  the  rods  to  pass  through.    There  is 
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a  curious  point  of  interest  connected  with  the  history  of  the  slitting, 
or,  as  it  is  sometimes  called,  the  splitting  mill,  as  will  appear  by  the 
following  extract  from  tho  writings  of  Coleridge,  insorted  by  Scrivenor 
in  the  first  edition  of  his  History  of  the  Iron  Trade.' 

"  The  most  extraordinary  and  the  best  attested  instance  of  enthu- 
siasm existing  in  conjunction  with  perseverance,  is  related  of  the 
founder  of  the  Foley  family.  This  man,  who  was  a  fiddler,  living 
near  Stourbridge,  was  often  witness  of  tho  immense  labour  and  loss  of 
time  caused  by  dividing  tho  rods  of  iron  necessary  in  tho  process 
of  making  nails.  The  discovery  of  tho  process  called  splitting,  in 
works  called  splitting-mills,  was  first  made  in  Sweden,  and  the  conse 
quences  of  this  advance  in  art  were  most  disastrous  to  tho  manufac- 
turers of  iron  about  Stourbridge.  Foley,  the  fiddler,  was  shortly 
missed  from  his  accustomed  rounds,  and  was  not  again  seen  for  many 
years.  He  had  mentally  resolved  to  ascertain  by  what  means  the 
process  of  splitting  bars  of  iron  was  accomplished;  and,  without  com- 
municating his  intention  to  a  single  human  being,  he  proceeded  to 
Hull,  and  thence,  without  funds,  worked  his  passage  to  the  Swedish 
iron  port.  Arrived  in  Sweden,  he  begged  and  fiddled  his  way  to  the 
iron  foundries,  where,  after  a  long  time,  ho  became  a  universal 
favourite  with  the  workmen ;  and,  from  the  apparent  entire  absence 
of  intelligence,  or  anything  like  ultimate  object,  he  was  received  into 
the  works,  to  every  part  of  which  he  had  access.  He  took  the  advan- 
tage thus  offered,  and  having  stored  his  memory  with  observations 
and  all  the  combinations,  ho  disappeared  from  amongst  his  kind 
friends  as  he  had  appeared — no  one  knew  whence  or  whither.  On 
his  return  to  England  ho  communicated  his  vovago  and  its  results  to 
Mr.  Knight  and  another  person  in  the  neighbourhood,  with  whom  ho 
was  associated,  and  by  whom  the  necessary  buildings  were  erected 
and  machinery  provided.  When  at  length  everything  was  prepared, 
it  was  found  that  the  machinery  would  not  act ;  at  all  events,  it  did 
not  answer  the  solo  end  of  its  erection — it  would  not  split  the  bar  of 
iron.  Foley  disappeared  again,  and  it  was  concluded  that  shame  and 
mortification  at  his  failure  had  driven  him  away  for  over.  Not  so: 
again,  though  somewhat  more  speedily,  he  found  his  way  to  the 
Swedish  iron-works,  whero  he  was  received  most  joyfully,  and,  to 
make  sure  of  their  fiddler,  he  was  lodged  in  tho  splitting-mill  itself. 
Here  was  the  very  end  and  aim  of  his  life  attained  beyond  his  utmost 
hope.  Ho  examined  tho  works,  and  very  soon  discovered  the  cause 
of  his  failure.  He  now  mado  drawiugs,  or  rude  tracings  •  and  having 
abided  an  ample  time  to  verify  his  observations,  and  to  impress  them 
clearly  and  vividly  on  his  mind,  ho  mado  his  way  to  the  port,  and 
onco  more  returned  to  England.  This  time  he  was  completely  suc- 
cessful, and,  by  the  results  of  his  experience,  enriched  himself  and 
greatly  benefited  his  countrymen.  This  1  hold  to  bo  the  most  extra- 
ordinary instance  of  credible  devotion  in  modem  times." 


9  Letter*,  Conversations,  ami  Recollec- 
tions of  8.  T.  Coleridge,  Esq.  A  compre- 
hensive History  of  the  Iron  Trade  through- 


out the  World,  from  the  earliest  Records 
to  the  present  Time.  By  Harry  Scrivenor, 
Ulaenavon.    London,  1841,  8vo.  p.  120, 


Digitized  by  Google 


732      SPECIAL  QUALITIES  OF  IRON  —  SOUTH  YORKSHIRE. 

For  the  following  additional  particulars  I  am  indebted  to  Mr.  John 
Ragnall,  of  Charleniont  Hall,  near  West  Broinwich,  who  has  devoted 
great  attention  to  the  history  of  the  Iron  Trade  : — *'  The  founder  of  the 
Foley  family  was  Kichard  Foley,  of  Stourbridge,  who  raided  u  large 
fortune  by  being  concerned  in  the  Iron-works  there.  He  died  July, 
lo\r>7,  at  the  age  of  80.  Sir  Simon  Degge  says,  4  Kichard  Foley  was 
first  a  seller  of  nails,  afterwards  a  forgemaster,  and  a  very  honest  man 
in  Stourbridge.'  Kichard  Foley,  of  Stourbridge,  founded  a  school  at 
Dudley  for  50  boys,  anno  1034.  It  was  endowed  with  some  lands, 
which  Mr.  Foley  recovered  after  they  had  been  some  time  alienated 
from  the  original  charitable  bequest  of  the  person  who  left.  them.  To 
this  he  added  something  of  his  own,  and  built  a  convenient  school- 
house.    Kichard  Baxter  was  the  first  master."  1 

Swedenborg  bis  given  a  large  engraving  of  a  Swedish  slitting-niill, 
and  mentioned  the  existence  of  similar  machines  both  in  Germany  and 

■ 

England.1  But  1  cannot  find  that  ho  has  made  the  slightest  allusion 
to  Foley.  1  have  interrogated  Mr.  Grill,  Mr.  G.  Ekman,  and  Mr.  Styfl'e, 
of  Stockholm,  about  this  story  ;  but  they  had  not  even  heard  of  it  pre- 
viously, although  no  men,  I  believe,  are  better  acquainted  with  the 
history  of  the  Swedish  Iron  Trade.  They  havo  undertaken  to  make 
every  enquiry  relating  to  the  subject. 

It  is  stated  that  Godfrey  Box  of  Liege  erected  at  Dart  ford,  in  1590, 
the  first  iron-mill  for  slitting  bars.1 

SPECIAL  QUALITIES  OF  IRON. 
South  Youksoire. 

Of  all  iron  produced  in  Great  Britain,  none  has  acquired  so  hijjh 
a  reputation  for  special  purposes  as  that  manufactured  by  the  Low- 
moor  Iron  Company,  the  Bowling  Iron  Company,  and  some  other 
firms  in  the  samo  vicinity.  It  is  extensively  applied  as  the  material 
for  engines  and  machines  of  various  kinds,  for  boiler  plates  and 
railway  tyres,  etc.,  in  which  great  strength  and  metal  of  thoroughly 
trustworthy  quality  aro  essential.  So  universal  is  the  recognition 
of  the  high  character  of  Lowmoor  iron,  for  example,  that  when  Civil 
Engineers  specify  that  it  shall  bo  used  in  cases  where  security  to 
life  is  the  first  consideration,  they  are  absolved  from  responsibility 
in  the  event  of  the  occurrence  of  accidents  from  breakage  of  ma- 
chinery. There  aro  several  firms  in  Yorkshire  which  produce  iron 
equal  in  quality  to  that  of  Lowmoor,  and  of  these  may  be  particu- 
larly mentioned  the  Bowling  and  the  Famley  Companies.  The  Low- 
moor and  Bowling  Companies,  on  account  of  their  long  established 
reputation,  generally  obtain  from  4/.  to  Gl.  per  ton  more  for  their  iron 

1  Nash's  Worcestershire,  1.  p.  360,  and  3  Sorivcnor,  History  of  the  Irou  TWt\ 
2.  p.  4G4.  1  now  edition,  1854,  p.*  36*.    The  authority 

*  Do  Ferro,  1734,  p.  253.  "  Anglite  sunt    cited  is  Gough's  Canvlm.    The  story  of 
etiam  pluros  machinte,  quibus  forrum  so-  j  Foley  seems  hardly  compatible  with  this 
cundum  longitudinem  suam  nttenuatur,  et    statement;  and  in  the  new  edition  of  his 
in  (Nirtcs,  onntos  et  cingula,  quibus  cadi  !  work  Scrivenor  has  omitted  the  story, 
circunilif-'iintur,  ncaiur  i  t  diducitur." 
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than  tho  other  companies ;  and  it  is  reported  that  they  never  undersell 
each  other.  I  believe  that  all  tho  iron  made  by  these  firms  is  manu- 
factured in  essentially  tho  same  manner,  and  with  equal  care. 

I  am  indebted  to  Messrs.  Armitage  for  the  following  description  of  the 
process  of  manufacture  in  operation  at  tho  Farnley  Iron-works.  The 
pig-iron  is  refined,  and  tho  refined  metal  is  broken  in  pieces  of  various 
sizes,  from  about  6  in.  to  15  in.  square.  These  are  puddled  in  heats 
of  2\  cwts.  (long  weight).  The  puddler  works  up  9  heats,  or 
22 J  cwts.,  in  a  turn  of  1 1  hours.  The  furnace  is  comparatively  small, 
and  has  a  second  bed,  at  a  higher  level  than  the  puddling  bed,  heated 
by  the  waste  flame  from  the  latter  in  its  course  to  the  stack.  The 
charge  is  put  into  the  upper  bed,  and  when  red-hot  is  transferred  to 
the  lower  bed,  where  it  is  puddled  with  the  addition  of  hammer- slag, 
and  worked  in  the  usual  manner  into  2  or  3  balls,  as  may  be  required. 
The  balls  are  hammered  under  a  7-ton  helve  into  rough  plates,  called 
44  stampings,"  about  12  in.  square  and  l£  in.  thick.  Tho  stampings 
are  broken  under  a  44 guillotine  hammer"  into  pieces  varying  from 
about  2  in.  to  4  in.  square.  These  pieces  are  examined,  and  carefully 
assorted  according  to  the  different  purposes  for  which  tho  iron  is 
needed.  Stampings  are  chiefly  used  for  railway  tyres  and  bar-iron. 
The  broken  up  stampings  are  piled  on  thin  wooden  boards  into  small 
heaps,  called  44  balls,"  which  aro  raised  to  a  welding  heat  in  a  mill 
furnace  and  worked  into  oblong  rectangular  blooms  under  a  Nasmyth's 
hammer.  The  bloom  is  reheated  and  hammered  three  times  until  per- 
fectly sound,  when  it  is  afterwards  drawn  out  into  any  form  required. 

Farnley  iron  is  principally  employed  for  locomotive  tyre-bars,  in 
which  case  the  bloom  is  hammered  into  tho  form  of  a  rectangular  slab. 
It  is  then  reheated  in  a  mill  furnace  and  rolled  into  a  tyre-bar,  which 
is  sawn  to  the  proper  length  and  bent  into  a  hoop.  All  these  pro- 
cesses are  effected  in  the  same  heat. 

Boiler-plate  is  not  generally  made  from  stampings,  but  from 
44  lumps,"  about  12  in.  square  and  4  in.  or  5  in.  thick,  formed  by 
hammering  out  the  puddled  balls.  Tho  lumps  are  piled  together, 
according  to  the  dimensions  of  the  plate  required.  They  pass  4  times 
into  the  mill  furnace,  and  under  the  hammer,  until  they  becomo 
perfectly  welded  together  and  sound.  They  are  then  drawn  into  a 
44  slab,"  varying  in  size  according  to  circumstances,  from  about  2  ft. 
to  4  ft.  long,  and  from  12  in.  to  20  in.  broad.  These  slabs  are  heated 
in  a  mill  furnace,  and  rolled  into  plates,  which,  when  cold,  are  sheared 
square  agreeably  to  order.  Kound,  square,  and  flat  bars  are  all 
hammered  in  tho  same  manner  as  the  tyre-bars,  and  planished  under 
ca.se-hardened  tools.  All  the  iron  manufactured  at  tho  Farnley  Works 
is  only  rolled  once. 

There  was  an  admirable  collection  of  Farnley  iron  at  tho  Inter- 
national Exhibition  of  18G2.  Nothing  could  he  more  beautiful  than 
the  fracture  of  tho  tyre-bars,  which  was  bright,  fine-grained,  uniform, 
even,  clean,  and  sound.  Tyres  also  from  the  other  Yorkshire  firms 
presented  the  same  qualities  with  respect  to  fracture.  Tho  boiler- 
plate exhibited  by  the  Lowmoor  Company  was  of  the  best  quality, 
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and  in  the  smoothness  of  its  unsheared  edgas  contrasted  remarkably 
with  the  large  boiler-plate  of  tho  Shelton  Iron-works,  North  Stafford- 
shire,  and  boilor-plates  from  some  other  localities.  This  Yorkshire 
iron  is  harder  than  the  so-called  fibrous  iron,  and,  therefore,  better 
adapted  to  resist  wear  by  friction.  It  also  "stands  the  fire"  better, 
and  is  consequently  more  adapted  for  "smithing"  purposes  than 
fibrous  iron.  It  is  capable  of  being  flanged,  doubled,  and  otherwise 
contorted  under  the  hammer  without  snowing  any  sign  of  cracks. 
In  the  Farnley  collection  at  tho  Exhibition  was  a  Staffordshire  knot, 
made  of  round  bar-iron  A\  in.  in  diameter,  and  tied  cold ;  and  there 
was  also  a  striking  specimen  of  twice  doubled  thick  plate  manipulated 
at  a  "black  heat,"  without  even  tho  appearance  of  the  smallest  crack. 
In  boiler-plates  soundness  is  absolutely  essential  for  safety  to  life. 
Th©  slightest  blistering  on  the  surface  is  a  sure  indication  of  unsound- 
ness, and  should  suffice  to  condemn  a  plate  as  worthless ;  yet,  strange 
to  say,  in  tho  Belgian  department  of  the  Exhibition  a  largo  boiler- 
plate was  shown  with  no  small  degree  of  pretension,  which  presented 
numerous  blisters  of  considerable  size  and  other  appearances  of  de- 
fective manufacture. 

The  Lowmoor  Company  have  blast-furnaces  of  their  own.  They 
work  several  beds  of  coal  and  tho  accompanying  beds  of  ironstone. 
There  is  tho  "  Black  Bed  Coal,"  which  occurs  at  from  40  to  42  yards 
above  their  renowned  "  Better  Bed  Coal."  The  former  is  from  34  in. 
to  3G  in.  thick,  and  is  used  for  steam-engine  boilers,  etc. ;  and  the  coke 
from  it  is  burnt  in  lime-kilns,  stoves  for  drying  cores,  and  other  pur- 
poses, where  superior  quality  is  not  needed.  The  latter  never  exceeds 
20  in.  in  thickness,  and  in  some  localities  in  the  vicinity  is  only  10  in. 
thick,  vet  is  nevertheless  raised.  The  ironstones  arc  the  "  Black 
Ironstone"  and  the  "White  Ironstone."  The  "Black"  lies  imme- 
diately above  the  "  Black  Bed  Coal,"  and  occura  in  (>  strata,  forming 
together  a  bed  5  ft.  thick :  its  average  yield  is  stated  to  be  about  28  c/o 
of  iron.  Tho  "  White  "  lies  22  yards  above  tho  "  Black  Bed  Coal," 
and  occurs  in  7  strata,  forming  a  bed  7  ft.  thick  :  its  average  yield  is 
also  stated  to  bo  28  %  of  iron,  but  it  is  not  so  highly  esteemed  as  the 
"Black."4 

Tho  superiority  of  the  Lowmoor  iron  cannot,  I  believe,  be  ascribed 
to  tho  ores  from  which  it  is  made,  because  there  are  ironstones  in 
South  Staffordshire  and  elsewhere,  which  in  respect  of  freedom  from 
the  two  pre-eminently  noxious  ingredients,  sulphur  and  phosphorus, 
are  quite  equal  to  the  best  of  Lowmoor.  It  is  pretended  that  the 
"Better  Bed  Coal"  is  tho  principal  cause  of  that  superiority  on 
account  of  its  compara.ive  freedom  from  sulphur.  An  average  sample 
of  carefully  selected  specimens  of  this  coal  has  been  examined  in  my 
laboratory  by  Mr.  C.  Tookey,  and  found  to  contain  0-.'>5%  of  sulphur, 
which  is  about  0-15  7,.  less  tnan  'n  Staffordshire  "Thick-coal." 

That  it.  is  an  excellent  coal  in  every  respect  for  tho  purposes  to 
which  it  is  applied  there  can  bo  no  doubt;  but  how  far  such  a  thin 


*  Those  details  are  from  a  MS.  cata- 
logue of  Hpeoimen.H  presented  by  the  htm- 


moor  Company  tn  the  Museum  of  Practical 

Geology. 
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bed, — which,  however  skilfully  worked,  cannot  yield  more  than  1700 
tons  to  the  acre, — would  suffice  for  such  a  vast  establishment  as 
that  of  Lowmoor,  ironmasters  may  judge  for  themselves.  I  have  it 
on  indisputable  authority  that  it  does  not  suffice.  Hence  the  con- 
clusion that  Lowmoor  iron  owes  its  deservedly  high  reputation  to 
the  special  mode  of  manufacture,  and  the  care  with  which  every 
manipulation  is  conducted.  This  is  more  creditable  to  the  Lowmoor 
Company  than  mere  excellence  resulting  from  the  superior  quality 
of  the  iron-producing  materials  employed. 

The  following  analysis  of  the  iron  of  an  experimental  armour-plate 
manufactured  by  the  Lowmoor  Company  has  been  made  in  my  labo- 
ratory by  Mr.  C.  Tookey. 

Carbon   001G 

Silicon    0-122 

Manganese    0  280 

Nickel    distinct  trace* 

C<>1)  tit    do.  «lo. 

Sulphur   0-101 

Phosphorus    0-1  or, 

Iron,  by  diflcrenw;    99*372 

100  000 


The  specific  gravity  of  this  iron  was  7  8083,  and  the  tensile  strength 
24-644  tons  to  tho  square  inch  :  these  results  were  obtained  by  my  friend 
Mr.  Fairbairn. 

South  Staffordshire. 

South  Staffordshire  has  acquired  a  high  reputation  for  the  so-called 
fibrous  iron,  which  is  tough,  comparatively  soft,  and  neithor  red-  nor 
cold-short  in  a  sensible  degree.  But  owing  to  competition,  the  in- 
troduction of  bad  ores,  or  one  causo  or  other,  inferior  qualities  of 
iron  have  of  late  been  manufactured  in  this  district,  which  has  thereby 
suffered  in  character ;  and  in  this  respect  South  Staffordshire  is  by  no 
means  singular.  This  county  has  ores  and  fuel  capable  of  producing 
thoroughly  good  iron ;  but  cannot  compete  successfully  with  certain 
other  districts,  which  have  tho  means  of  producing  cheaper  iron  of 
inferior  quality.  Some  ironmasters  are  ambitious  with  respect  to 
"great  makes,"  and  others  with  respect  to  "high  quality;"  and  those 
of  tho  latter  class  seem  to  have  best  maintained  their  ground  in  the 
periodical  depressions  affecting  the  iron  trade.  It  deserves  to  be  per- 
manently recorded,  that  the  Earl  of  Dudley's  magnificent  collection  in 
the  International  Exhibition,  1862,  illustrative  of  the  iron  manufacture 
in  South  Staffordshire,  was  the  only  one  which  worthily  sustained,  I 
may  say  vindicated,  tho  reputation  of  this  country  in  the  estimation  of 
the  world.    To  the  Earl's  agent,  Mr.  Richard  Smith,  the  merit  of  that 


collection  was  wholly  duo. 

Carbon   0  190 

Silicon    0-111 

Sulphur    o  i<;:> 

Phosphorus    0-  U0 

Iron    09  Stil 


100  000 
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By  Mr.  Henry  for  Mr.  S.  IT.  Blackwell.  Boiler-plate  made  from 
No.  4  grey  pig-iron,  smelted  at  Russell's  Hall,  near  Dudley,  from  the 
following  mixture  of  ores:  Froghall  red  haematite  10  cwts.,  Forest  of 
Dean  brown  haematite  2  cwts.,  Ulverstone  red  hamiatite  7  cwts.,  NVhite- 
stone  and  Gubbin  (South  Staffordshire)  together,  roasted,  10  cwts., 
Ked  mine  (North  Staffordshire)  roasted,  1  cwt. 

Swedish  Iron. 

This  world-renowned  iron  has  already  been  referred  to  several 
times.  It  is  in  special  request  at  Sheffield  for  the  manufacture  of 
steel  of  the  highest  quality.  There  are  several  varieties  of  it,  which 
are  distinguished  by  particular  marks  upon  the  bans. 

L  n.         in  iv. 


a  b 

Carbon   4  809  0  087  0-054  0  087  0-H8G 

Silicon    0  17»i  0  115  0  028  0  050  0  252 

Sulphur    trace  0  220  0  055  0*682  0  757 

Phosphorus   0-122  0-034  traces  0-005  tracts 

MungHUcae    1-987  ..  traces  ..  traces 

Arsenic    •  •  trace             . .  trace 

Iron   92-900  99  544  99  803  99-220  98*005 


100*000       100000       100000       100  000       100  000 


I.  a.  This  is  an  analysis  of  Dannomora  pig-iron,  from  which  the  (J) 
bar-iron  is  mado.  1  received  it  from  my  friend  Mr.  S.  H.  Blackwell, 
and  have  previously  inserted  it  under  the  head  of  Pig-iron.  I.  b.  This 
is  an  analysis  of  (E)  bar-iron,  from  Danncmora  magnetic  oxides,  at 
the  Liifsta  Iron- works,  Upland.  It  was  made  by  my  friend  the  late 
Mr.  T.  H.  Henry,  for  Mr.  E.  F.  Sanderson  of  Sheffield,  by  whom  it 
has  been  generously  communicated  to  mo  for  publication.  I  have  the 
greatest  pleasure  in  acknowledging  my  obligation  to  Mr.  Sanderson 
for  the  valuable  information  which  I  have  at  all  times  freely  received 
from  him,  in  connection  with  the  subject  of  steel.  He  has  placed  at 
my  disposal  for  publication  all  the  analyses  which  have  been  made 
for  him  by  Mr.  Henry,  and  which  have  necessarily  cost  a  large  sum 
of  money.  Mr.  Henry  was  certainly  one  of  the  most  careful,  accurate, 
aud  trustworthy  analysts  whom  I  have  ever  known.  Yet  I  fear  that, 
with  respect  to  the  determination  of  sulphur,  he  has  been  led  into 
the  same  errors  into  which  I  myself  have  fallen,  and  from  which  I 
am  happy  to  acknowledge  I  have  been  delivered  by  my  friend  Dr. 
David  Price.  Mr.  Henry  adopted  the  fusion  process  with  nitre 
in  a  gold  crucible,  using  a  coal-gas  flame.  Now,  this  gas  contains 
bisulphide  of  carbon,  which,  in  contact  with  fused  nitre,  especially  if 
manganese  be  present,  becomes  oxidized  with,  of  course,  the  formation 
of  sulphate  of  potash.  Dr.  Price  and  Mr.  0.  Tookey  have  satisfactorily 
investigated  this  point  in  my  laboratory,  and  have  ascertained  the 
precise  conditions  under  which  the  error  may  occur.  It  is  not  con- 
ceivable that  Dannemora  pig-iron  should  have  contained  only  traces 
of  sulphur,  whilst  the  bar-iron  made  from  it  should  have  contained 
such  a  comparatively  largo  amount  as  0*22  °/c.    These  remarks  con- 
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ceraing  Mr.  Henry s  determination  of  sulphur  will  apply  equally 
to  most  of  his  determinations  of  that  element.  In  regard  to  the 
other  elements,  1  have  reason  to  believo  that  Mr.  Henry's  results  are 
thoroughly  reliable. — II.  By  Mr.  Henry  for  Mr.  Sanderson.  Sykes's 
double  bullet,  00-  This  iron  is  made  exclusively  from  Danncinora 
ores,  at  the  Osterby  Iron-works,  Upsala,  Upland. — III.  By  Mr.  Henry. 
J  B  mark  (see  below.) — I V.  By  Mr.  Henry.    K  and  dart  (see  below). 

Professor  Eggertz,  of  Fahlun,  has  found  0  03  °/0  of  copper  in  Dan- 
nemora  iron.5  It  has  been  suggested  that  the  superiority  of  the  Dan- 
nemora  iron  is  to  be  attributed  to  its  relative  freedom  from  phosphorus 
and  copper ;  but  Eggerta's  results,  abovementioned,  indicate  that 
copper  is  present  in  sensible  quantity  in  this  iron.  Tunner  somewhat 
naively  alludes  to  the  opinion  of  a  celebrated  French  metallurgist, 
who  assigns  as  the  reason  tho  ** steel-like  nature"  of  the  Dauuemora 
ores.  This  may  be  a  convenient  explanation,  though  it  is  certainly 
not  a  philosophical  one.  Tunner  has  not  named  tho  metallurgist,  nor 
will  I  do  so ;  yet  it  is  plain  to  whom  he  refers.6 

By  way  of  illustration  engravings  of  several  of  the  Swedish  marks 
are  introduced.  They  are  fac  similes  from  the  impressions  in  the 
official  Swedish  book  of  marks.7 

No.  1.  Daiuiemora  ores.    Elfkarleo  Iron-works,  Upland. 


1.  C  and  crown.  2.  3. 


oo  ® 


4.  Double 


ft.  Hoop  F. 


6.  Little  S. 


WW 


7.  K  and  dart. 
Fig.  206. 


8.  Moon  and  star. 


9.  J  B. 


4  Jtthres-Bericht,  Wagner.  1862,  p.  9.       1  Eisenhuttenweueu  in  Schwedcii,  p.  13. 

7  SUuiHK.'1-liok.   Stockholm,  1845. 

3  B 
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No.  2.  Dannomora  ores.    Gimo  Iron-works,  Upland. 

No.  3.  Dannomora  ores.    Strdmberg  Iron-works,  Upland. 

No.  4.  Dannomora  ores.    Osterby  Iron-works,  Upland. 

No.  5.  Dannemora  ores.    Forssinark  Iron-works,  Upland. 

No.  6.  Dannemora  ores.    Skebo  Iron-works,  Upland. 
•  No.  7.  Magnotio  oxides  from  Bispberg  and  Relingsberg,  and  red 
oxide  from  Noberg.    Kloster  Iron-works,  Dalecarlia.     The  Kloster 
Iron  Company  has  several  works,  and  the  iron  from  each  has  a  dis- 
tinctive mark  or  44  brand  ;  "  but  the  mark  figured  is  on  all  the  varieties. 

No.  8.  Persborg  magnetic  oxides.  Borgvik  Iron-works,  Wermland. 
The  matrix  is  amphibole.  No  flux  is  required.  The  ores  contain 
traces  of  phosphorus  and  comparatively  small  proportions  of  manganese. 

No.  9.  Dannemora  ores.  Gysinge  Iron-works.  Province  of  Ges- 
trikland,  adjoining  Dalecarlia. 

Kus si  an  I bon. 

No  better  iron  in  the  world  is  made  than  in  Russia.    Charcoal  is 


exclusively  used  as  fuel. 

L  IL 

Carbon                           0  272  0-340 

Silicon                           0  062  trace 

Sulphur                         0-234  0-0G6 

Phosphorus   

Arsenic    traces 

Manganese                      0-020  trace 

Iron                             99-412  99  594 


100-000  100000 

I.  Analysis  by  Mr.  Henry  for  Mr.  Sanderson.  The  bar-iron  was  the 
well-known  CCMX— II.  By  Mr.  Henry.    Mark,  K.3KB. 

Boat-plates. 

This  is  tho  commercial  term  for  rolled  plates  which  are  used  in 
the  construction  of  iron  ships.  Owing  to  competition  and  the  cutting 
down  of  prices,  boat-plates  have  acquired  an  unenviable  notoriety  for 
badness.  Tho  rubbish,  scarcely  deserving  the  name  of  iron,  which  has 
been,  and  there  is  too  much  reason  to  believe  still  is,  used  in  their 
manufacture,  is  well  known  to  every  person  engaged  in  the  iron  trade. 
Where  security  to  life,  to  say  nothing  of  valuable  cargoes,  is  of  prime 
importance,  it  is  scandalous  that  such  plates  should  be  tolerated. 
There  are,  I  admit,  good  boat-plates  as  well  as  bad  ones,  but  the  latter 
greatly  predominate.  In  tho  Swedish  department  of  the  International 
Exhibition,  18U2,  there  was  a  striking  illustration  of  what  really  good 
boat-plates  should  be,  aud  of  the  resistance  they  are  capable  of 
affording  in  cases  of  danger  at  sea.  I  refer  to  the  fore  part  of  an  iron 
paddle  steamer,  200  ft.  long,  and  of  120  horse  power,  which,  during  a 
fog  in  September,  I860,  and  while  going  at  the  rate  of  8  or  9  knots  an 
hour,  struck  on  a  rock.  The  part  struck  was  crumpled  up  like  paper ; 
and  yet  the  vessel  got  off  and  proceeded  without  difficulty  to  Stock- 
holm, about  100  miles  distant.  Tho  plates  were  made  at  the  Motala 
Iron-works.    There  was  nothing  more  interesting  or  more  important 
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to  us,  as  a  great  maritime  nation,  than  the  specimen  in  question.  It 
attracted  groat  attention,  and  has  been  presented  to  the  South  Ken- 
sington Museum,  where,  notwithstanding  its  ugliness,  it  is  to  be  hoped 
it  will  be  carefully  preserved  and  exhibited  in  a  conspicuous  place. 
The  authorities  of  that  Institution  may  be  assured  that  in  the  whole 
collection  there  is  not  an  illustration  of  more  substantial  practical 
value. 

Abmoub-plates. 

This  term  is  now  generally  applied  to  massive  wrought-iron  plates, 
with  which  ships  of  war  are  coated  externally,  where  they  are  acces- 
sible to  shot  or  shells;  and  since  1he  adoption  of  this  means  of  defence, 
great  and  rapid  progress  has  been  made  in  the  manufacture  of  these 
plates.  Experiments  have  been  conducted  by  the  Governments  of  this 
country,  of  Franco,  of  Prussia,  of  Austria,  and  of  Italy,  with  a  view  to 
ascertain  the  best  quality  of  iron  for  the  purpose,  and  the  best  mode  of 
manufacture.  Information  of  the  highest  value  has  thus  been  acquired, 
yet  the  subject  is  far  from  being  exhausted  at  present. 

With  regard  to  quality,  it  seems  to  have  been  decided  that  the  iron 
should  be  as  tough  and  soft  as  possible ;  and  that  steel,  properly  so 
designated,  should  especially  bo  avoided.  It  might  have  been  sup- 
posed that  certain  kinds  of  steel  which  possess  far  greater  tensile 
strength  than  any  kinds  of  wrought-iron  would  have  been  most  suit- 
able ;  but  experiments  have  established  the  contrary.  In  determining 
tensile  strength,  the  force  employed  to  effect  rupture  is  slowly  applied  ; 
and  results  are  obtained  in  this  manner  which  may  cease  to  be  appli- 
cable in  cases  where  impact  takes  place  at  such  high  velocities  as  1200 
ft.  and  1000  ft.  per  second.  In  an  early  part  of  the  present  volume  the 
subject  of  fracture  under  this  latter  condition  was  considered. 

It  is  a  question  whether  hammering,  or  rolling,  or  a  combination  of 
both  will  yield  the  best  result ;  and  each  of  these  three  methods  of  ma- 
nufacture has  its  advocates ;  though  perhaps  the  majority  of  persons 
have  declared  in  favour  of  rolling.  The  fact  is,  that  equally  good 
plates  have  been  produced  by  each  method,  when  the  manipulations 
have  been  conducted  with  proper  skill.  No  largo  armour-plates  are 
now  made  less  than  4$  in.  in  thickness ;  as  thinner  plates  would  bo 
immediately  destroyed  by  the  powerful  artillery  of  recent  times,  and 
the  resistance  of  superimposed  plates,  however  fimily  fastened  together, 
is  greatly  inferior  to  solid  plates  of  the  same  aggregate  thickness. 

liolled  annoar-iAates. — The  credit  of  having  produced  the  first  largo 
armour-plates  by  rolling  is  due  to  Messrs.  Beale  and  Co.,  of  the  Park 
Gate  Iron-works,  Yorkshire ;  but  plates  of  this  kind  aro  now  rolled 
by  several  firms,  of  which  that  of  John  Brown  and  Co.,  of  {Sheffield, 
deserves  special  mention.  This  firm  has  entered  upon  this  difficult 
branch  of  manufacture  with  a  spirit  of  enterprise  and  a  persevering 
energy  which  do  honour  to  the  British  nation.  They  have  erected  for 
the  purpose  at  Sheffield  a  gigantic  mill,  which  was  opened  with  much 
ceremony,  April  9th,  1863,  the  Lords  of  the  Admiralty,  engineers,  and 
others  interested  in  the  subject  being  present.    But  previously  this 
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firm  had  produced  armour-plates  which  from  their  magnitude  and 
finish  had  excited  the  astonishment  of  all  persons  acquainted  with  the 
difficulties  necessarily  involved  in  the  manipulation  of  such  large  masses 
of  iron  under  the  rolls.  Messrs.  Brown  and  Co.  sent  to  the  Inter- 
national Exhibition,  1862,  two  plates  of  the  following  dimensions  and 
weights :  No.  1.  Length  21  ft.  8  in.,  width  4  ft.  2  in.,  thickness  G$  in., 
weight  10  tons  12  cwts.— No.  2.  Length  24  ft.,  width  3  ft.  8  in.,  thick- 
ness 5  in.,  weight  7  tons  17  cwts.  These  were  admirable  specimens  of 
workmanship,  so  far  as  any  judgment  could  be  formed  from  an  inspec- 
tion of  their  surfaces  and  edges.  With  the  exception  of  being  planed 
at  the  edges,  they  appeared  as  when  they  left  the  rolls.  They  were 
made  of  "best  new  scrap"  iron,  obtained,  it  is  stated,  from  a  mixture 
of  Swedish,  Derbyshire,  and  Shropshire  refined  pig-iron.  It  was 
balled  under  a  4-ton  steam-hammer,  piled  under  a  b-ton  helve,  rolled 
into  bar,  re-rolled  into  slabs,  all  crossed,  then  re-rolled  into  what  are 
termed  "  moulds,"  and  lastly,  rolled  into  finished  plates.  The  selling 
price  of  these  plates  (1802)  was  from  35/.  to  45/.  per  ton.  On  the 
opening  of  the  new  mill,  a  plate  12  in.  in  thickness  was  rolled.  It 
will  be  remarked  that  I  express  myself  with  a  certain  degree  of 
reserve  as  to  quality,  not  with  the  least  intention  of  disparagement, 
but  because  experience  has  taught  me  that  the  excellence  of  an  armour- 
plate  can  only  be  determined  by  actual  trial  with  heavy  shot.  The 
Mill  Wall  Company  have  recently  produced  rolled  plates  which  have 
not  been  surpassed  by  any  manufactured  elsewhere. 

The  difficulty  of  manufacture,  for  reasons  previously  assigned,  greatly 
increases  in  proportion  to  the  thickness  of  the  plate.  Tendency  to  lami- 
nation in  rolled  plates  under  the  impact  of  shot  is  the  great  evil, 
which  has  not  yet  been  effectually  surmounted,  if  indeed  in  the  very 
nature  of  things  it  be  possible  to  do  so.  Plates  which  from  an  ex- 
amination of  their  exterior  have  appeared  perfect,  have  been  broken 
and  laminated  to  an  extent  which  would  hardly  be  credited  by  persons 
who  have  not  witnessed  the  fact.  This  is  due  to  imperfect  welding  of 
the  contiguous  surfaces  of  the  layers  of  iron  composing  the  plates, 
caused  by  interposed  cinder,  which,  however  liquid  it  may  have  been 
in  the  reheating  furnace,  it  is  not  possible  should  ever  be  completely 
oxpelled,  even  if  the  surfaces  of  the  superimposed  component  layers 
were  perfectly  flat  and  smooth  like  plate  glass ;  much  less  is  it  possible, 
since  those  surfaces  are  always  more  or  less  uneven.  It  is  extremely 
interest inc  and  instructive  to  observe  how  the  cinder  is  diffused,  lying 
in  small  depressions  or  sometimes  extending  over  a  comparatively  large 
area.  Never  has  the  inner  structure  of  thick  masses  of  iron  been  so 
completely  disclosed  as  by  the  impact  of  shot ;  and  1  do  not  see  how  it 
would  be  possible  in  any  other  way  to  obtain  the  samo  amount  of 
knowledgo  concerning  it. 

Hammered  armour-plates. — Large  armour-plates  have  been  manufac- 
tured under  the  hammer,  which,  on  trial  by  shot,  have  proved  equal 
to  any  made  by  rolling.  The  Thames  Iron  Company  have  produced 
excellent  hammered  plates.  It  is  maintained  by  some  persons  that  a 
hammered  plate  is  more  likely  to  be  uniform  in  quality  than  a  rolled 
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plato.  Each  method  of  manufacture  has  advantages  and  defects  peculiar 
to  itself.  Hammered  plates  are  supplied  at  the  same  prices  as  rolled 
plates.  In  the  International  Exhibition,  18f>2,  a  large  hammered 
armour-plate  of  the  following  dimensions  was  exhibited  by  the  Mersey 
Steel  and  Iron  Company: — 21  ft.  3  in.  long,  6  ft.  3  in.  wide,  5£  in. 
thick.  Its  superficial  area  was  133  ft.  square,  and  it  weighed  upwards 
of  13  tons.  It  was  forged  under  tho  steam-hammer,  and  neither 
"  smithed  nor  tooled  "  afterwards.  It  was  a  remarkable  piece  of  forging 
in  every  respect.  The  plate  would  have  been  made  from  15  ft.  to 
20  ft.  longer  "  if  space  could  have  been  obtained."  There  was  ample 
space,  as  it  turned  out;  and  it  is  much  to  be  regretted  that  any  restric- 
tion as  to  space  for  such  an  object  should  have  been  imposed  by  the 
Commissioners.  Had  it  been  showy,  though  comparatively  worthless, 
room  would  doubtless  have  been  found  for  it. 

Messrs.  Petin,  Gaudet,  and  Co.,  in  France,  have  produced  excellent 
armour-plates  of  about  4  in.  in  thickness,  though  in  external  ap- 
pearance they  have  been  inferior  to  similar  plates  of  British  manu- 
facture ;  thus  showing  that  a  comparatively  rough  exterior  furnishes  no 
criterion  of  quality,  while  a  smooth  and  well-finished  surface  may 
considerably  increase  the  price  without  any  corresponding  advantage. 

The  desideratum  in  all  armour-plates  is  that  they  shall  bulge  with 
the  least  possible  amount  of  cracking.  Largo  radiating  fractures  at  the 
back  indicate  brittlencss,  and  should  immediately  condemn  a  plate. 

During  the  last  three  years  extraordinary  advance  has  been  made  in 
England  in  the  quality  of  armour-plates;  and,  probably,  before  long 
they  will  be  everywhere  manufactured  by  rolling. 

For  the  sake  of  comparison  I  subjoin  analyses  of  the  iron  of  several 
kinds  of  armour-plates  :  ivrmu. 


L  n.  III.        IV.         V.  YX 

Cuban   0  143  0  033  0  230  0  044  0-170  0  016 

Silicon   0-160  0  014  0  174  0  110  0-122 

Sulphur    0-058  0-121  0-190  0  118  0  058  0104 

Phosphorus   0  030  0  173  0  020  0  228  0  089  0  106 

Manganese   0  029  0  110  0  250  0  330  0  280 

Cobalt   traces  traces  traces  traces  traces 

Nickel   ..  ..  ..  traces 


I.  Iron  used  for  the  plates  of  the  French  frigate  *  La  Gloire : '  it 
hardened  sensibly  when  plunged  red-hot  into  mercury.  II.  Iron  of  a 
plate  made  by  the  Thames  Iron  Company.  III.  Iron  of  a  plato  made 
by  Messrs.  Shortridgo  and  Howell.  Although  containing  only  a  very 
small  quantity  of  phosphorus,  yet  the  plate  was  bad,  as  an  armour- 
plate,  from  approximating  too  much  to  steel  in  quality,  in  consequence 
of  the  comparatively  large  proportion  of  carbon.  IV.  Iron  of  a  plate 
made  by  Messrs.  Bealo  and  Co.  V.  Iron  of  a  plato  made  by  the  Wear- 
dale  Company.  It  was  also  too  steely,  VI.  Iron  of  a  plate  made  by 
the  Lowmoor  Company.    This  analysis  has  been  previously  inserted. 


Tensile  strength  Relative  resistance 

Nos.  Specific  gravity.  in  tons  per  square  inch.  to  punching. 

II   7  7035    23  354    907 

III   7-9042    27  032    1168 

IV   7  6322    24- 171    873 

VI   7-8083    24-044    1000 
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The  specific;  gravity,  tensile  strength,  and  resistance  to  punching 
were  determined  by  Mr.  Fairbairn.  I  now  subjoin  the  electric  con- 
ductivity of  the  iron  of  several  of  the  plates,  computed  by  Mr.  Mat- 
thiessen  from  his  own  observations. 

Percentage  decrement 
in  conductivity  between  0°C.  Deducod 
Conductivity  at  0°C.  and  100°C.  conductivity  at  0°C. 

Electrotype  iron  ...  100    38-3   

Nail.*   01-8    3rJ0    102*7 

No.  Ill   91-8    36-1    102  1 

No.  IV   72-8    34  1   

No.  \  1   84  V>    34  *  i    90  2 

Mr.  Matthiesscn  states  that  he  found  it  difficult  to  draw  No.  IV. 
into  wire. 

MISCELLANEOUS  OBSERVATIONS. 

Treatment  op  Slags  men  in  Iron. 

Formerly  the  tap-cinder  from  the  puddling-fumace  was  thrown 
away  or  used  in  mending  roads,  notwithstanding  the  large  amount  of 
iron  which  it  contains.8  I  havo  seen  it  thus  wasted  20  years  ago  in 
South  Staffordshire ;  and  my  friend,  Mr.  John  Dawes,  appears  to  havo 
been  amongst  the  first  to  recognise  its  value  as  an  iron-producing 
material ;  for  at  about  the  period  above-mentioned  I  saw  an  accumula- 
tion of  many  thousands  of  tons  of  it  near  the  Bromford  blast-furnaces, 
which  he  then  worked  in  partnership  with  his  brothers.  Mr.  Dawes 
expressed  to  me  his  conviction  that  tho  period  was  then  at  hand  when 
it  would  be  utilized,  and  his  prediction  did  not  long  await  fulfilment 
Wo  hear  a  great  deal  about  tho  badness  of  "  cinder  iron,"  as  it  is 
called,  from  engineers  and  others ;  and  I  havo  reason  to  know  that  in 
some  instances  at  least  the  impression  prevailed  that  tho  iron  derived 
from  it  was  actually  impregnated  with  an  inordinate  amount  of  cinder. 
Tho  objection  to  the  use  of  tap-cinder  is  due  to  the  fact  that  it  contains 
phosphoric  acid  in  larger  proportion  relatively  to  the  iron  present 
than  most  of  the  ores  smelted  in  this  country  ;  and  that,  consequently, 
it  will  tond  to  produce  a  cold-short  and  tender  quality  of  iron.  But, 
in  tho  case  of  pig-iron  designed  for  fine  castings,  in  which  great 
strength  is  not  necessary,  and  a  very  liquid  metal  is  required,  the  pre- 
sence of  phosphorus  may  be  advantageous  rather  than  otherwise. 
Moreover  there  are  some  kinds  of  iron-ore  raised  and  smelted  in  Great 
Britain  which,  in  relation  to  the  amount  of  iron  in  them,  are  quite  as 
rich— and  sometimes  oven  richer — in  phosphoric  acid  than  tap-cinder. 
When,  therefore,  engineers  specify  in  their  contracts  for  rails,  etc., 
that  "mine  iron"  shall  be  used  to  tho  exclusion  of  cinder,  they  may 
readily  be  defeated  in  their  object,  unless  they  specify  at  tho  same 
time  that  particular  kinds  of  ore  or  "  mine"  shall  not  be  employed. 


8  Dr.  Priestley  states  that  his  brother- 
in-law,  Mr.Wilkinson,  used  with  advantage 
a  certain  proportion  of  44  finery-eindi  r  "  in 
the  smelting  of  iron.  Ho  regarded  it  41  as 
iron  increased  ahout  one-third  in  weight 


by  imbibing  water,  though  with  the  l«»ss 
of  its  own  phlogiston."    Experiments  and 
Observations  «>n  different  kinds  of  Air, 
p.  504,  17110. 
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In  melting  -tap-cinder,  which  is  usually  done  in  conjunction  with 
iron-ores,  Mr.  S.  H.  Black  well  informs  me  that  it  is  desirable  to  subject 
it  to  a  preliminary  roasting ;  or,  in  other  words,  to  convert  it  into  "bull- 
dog," as  a  saving  of  coke,  to  the  extent  even  of  30  °/oJ  may  be  thereby 
effected.  During  this  process  of  roasting,  we  have  seen  that  the  prot- 
oxide of  iron  is  more  or  less  completely  changed  into  sesquioxide,  and 
that  the  cinder  is  rendered  comparatively  light  and  spongy,  becoming, 
pro  tanto,  more  accessible  to  the  reducing  action  of  the  carbonic  oxide 
of  the  blast-furnace.  The  reduction  of  the  oxide  of  iron  to  the  metallic 
state  will  also  partially  take  place  at  a  temperature  below  that  at 
which  silicate  of  protoxide  could  be  again  formed,  the  silica  in  M  bull- 
dog "  existing,  doubtless,  in  an  uncombined  state.  Besides,  there  is 
another  advantage  resulting  from  roasting,  namely,  tho  liquation  of 
cinder  richer  in  phosphoric  acid  than  that  which  is  left  to  form  the 
"bulldog." 

Various  expedients  have  been  proposed  of  incorporating  the  cinder, 
previously  to  smelting,  with  substances  which  may  combine  with  the 
phosphorus  and  sulphur  present,  and  prevent  these  substances  from 
passing,  either  wholly  or  partially,  into  tho  pig-iron. 

Lang  mixes  tap  and  flue-cinder,  reduced  to  the  size  of  millet-scods, 
with  carbonaceous  matter  and  milk  of  lime  to  the  consistency  of  thick 
paste,  or  common  mortar.  The  mass  is  left  to  dry  in  heaps,  when  it 
becomes  solid  and  hard.'  It  is  then  broken  in  pieces,  and  so  smelted. 
Tho  following  analyses  of  pig-iron  produced  at  Missling  from  cinders 
thus  prepared  are  cited  in  proof  of  the  efficacy  of  tho  process  :  — 

l  ii.  in.  nr. 

Iron    94-03  95" 32  90-88  94  50 

Carbon   frit  8'fiO  2-10  2  50 

Silicon   0  40  002  050  2*46 

Sulphur    trows  true<s  traces  0*00 

Phosphorus...  0'32  0  27  0  22  0  11 

Manganese  ...  traces  traces 

9989  9971  10000  99-03 


I.  Spiegeleisen.  II.  Crystallino  white  pig-iron.  III.  White  pig- 
iron.    IV.  Grey  pig-iron. 

A  similar  process  was  patented  by  Mushot  in  1822."  The  slags  or 
cinders  wore  reduced  to  44  a  small  size  by  shotting  "  or  otherwise,  and 
then  mixed  with  ^  or  |  of  slaked  lime.  The  mixture  was  moistened, 
and  so  charged  into  the  blast-furnace. 

Professor  Floury  read  a  paper  to  the  Franklin  Institute,  Philadelphia, 
August  20,  1863,"  in  which  ho  stated  that  he  had  succeeded  in  mak- 
ing good  cast  and  wrought-iron,  as  also  good  cast-steel,  from  tap  and 
mill-furnaco  cinders !  The  finely-ground  cinder  is  mixed  with  a 
proper  per  centagc  of  powdered  burnt  lime  (t.  e.  unslackcd),  and 

'  Jahres-Bericht,  Wagner,  1861,  p.  34.  3  Journ.  of  the  Franklin  Institute,  3rd 
»  A.  D.  1822.  Aug.  20.     No.  4«597. 


Abridgments,  p.  20. 


scr..  40.    Hep.  1803.    p.  214. 
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after  wetting  the  mixture  with  water  it  is  exposed  to  the  drying  in- 
fluence of  the  atmosphere.  The  dry  compound,  treated  in  a  common 
puddling-furnace  like  pig-iron,  yielded  50  %  °f  wrought-ii-on,  which, 
however,  was  somewhat  red-short,  owing  to  the  retention  of  traces 
of  sulphur.  We  are  informed  that  the  last  traces  of  sulphur  were 
extracted  by  slaking  the  lime  with  water  containing  a  small  per 
centago  of  a  chlorine  salt.  The  process,  it  is  asserted,  is  also  appli- 
cable to  the  working  of  siliceous  ores,  and  can  be  performed  in  the 
puddling,  cupola,  or  blast  furnace.  11  The  preparation  of  the  cinder, 
cost  of  lime,  salt,  etc.,  does  not  exceed  two  dollars  per  ton  ;  and 
if  properly  worked,  the  result  is  invariably  a  good  quality  of  iron." 
Paten ts  for  this  improvement,  wo  are  told,  have  been  obtained 
both  in  the  United  States  and  Europe.  The  beneficial  result  is 
attributed  to  the  decomposition  of  the  silicate  of  iron  by  the  lime 
during  the  process  of  hydration,  whereby  silicate  of  lime  is  pro- 
duced. Now,  we  have  seen  that  in  the  case  of  siliceous  ores, 
reduction  of  the  silicon  in  a  sensible  degree  is  prevented  by  the  pre- 
sence of  lime,  provided  the  latter  is  intimately  mixed  wilh  the  ore. 
Bat  how  to  effect  such  admixture  economically  is  the  difficulty.  That 
lime  should  extract  phosphorus  from  cinder  is  not  very  intelligible, 
seeing  that  the  phosphorus  of  phosphate  of  lime  is  reduced  by  the  joint 
action  of  carbon  and  iron.  Besides,  even  if  Fleury's  process  shonld 
succeed,  it  is  doubtful  whether  a  patent  for  it  in  this  country  could  Ik> 
sustained. 

Mending  broken  Kolls. 

An  account  of  the  process  of  mending  rolls  has  recently  been  pulv- 
lished  in  the  '  Annales  des  Mines'  by  a  French  mining  engineer,  who 
saw  it  in  operation  at  the  iron-work  of  Tamaris,  near  Alais.4  This  pro- 
cess consists  in  strongly  heating  the  broken  end  in  a  coke  fire,  and 
then  pouring  on  it  in  a  suitable  mould,  previously  adjusted  for  the  pur- 
pose, very  hot  molten  pig-iron,  allowing  the  metal  to  continue  running 
through  the  mould  until  the  surface  to  bo  soldered  begins  to  liquefy. 
When  this  occurs,  the  hole  by  which  the  metal  escapes  from  the 
mould  is  stopped,  and  the  latter  becomes  filled  with  metal. 

Meugy  witnessed  the  reparation  of  a  roll,  of  which  a  nock  and  one 
groove  had  been  broken  off  in  rolling.  The  roll  was  fixed  vertically, 
with  the  broken  end  uppermost ;  and  around  this  was  a  coke  fire  in  a 
square  grate  containing  about  100  kil.  (about  2  cwts.)  of  coke.  This 
preparatory  heating  lasted  lj  hour.  At  a  given  moment  the  grate  was 
removed,  the  fuel  quickly  thrown  upon  the  ground,  and  extinguished 
with  water.  The  top  of  the  roll  being  now  red-hot,  haste  was  made 
to  surround  it  with  a  frame,  which  was  rapidly  and  completely  filled 
up  with  casting  sand.  After  having  levelled  the  sand  and  blown  off 
the  dirt  from  the  end  to  bo  soldered  with  a  pair  of  bellows,  a  mould 
previously  ready,  and  having  within  a  cavity  of  the  form  of  a  sort  of 

*  Stir  mi  Proc«d<<  tisitc  on  Frnnce  pour  le  Soudngp  ile  lu  Fontr.  Par  M.  Meugy. 
Ann.  <le.s  Mine*,  ft  ».  18.  p.  ftO.  18<i0. 
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double  truncated  cone,  of  which  the  base  was  a  little  larger  in 
diameter  than  that  of  the  piece  to  be  added,  was  placed  on  the  top. 
In  this  mould  was  a  tap  or  exit-hole,  corresponding  to  an  external 
groove  leading  to  channels  destined  to  receive  the  excess  of  pig-iron. 
By  means  of  a  crane,  a  largo  pot,  containing  about  500  kil.  or  600 
kil.  of  molten  pig-iron,  was  raised  a  littlo  above  the  mould,  and 
the  metal  poured  in.  Scintillation  occurred  round  the  mould,  and 
the  pig-iron  filled  the  external  channels,  where  it  solidified  in  the 
form  of  pigs.  The  head  workman,  who  directed  the  operation,  and 
who  sounded  every  moment  the  surface  of  the  piece  to  be  soldered 
with  an  iron  rod,  ascertained  when  the  surface  of  the  roll  began  to 
melt ;  and  when  he  thus  found  that  the  old  pig-iron  had  liquefied 
to  the  thickness  of  about  0m03  (1*18  in.),  which  happened  in  4  or  5 
minutes,  after  pouring  from  300  kil.  to  400  kil.  of  pig-iron,  he  judged 
that  it  was  time  to  stop  the  running  of  the  metal  from  the  mould. 
The  tap-hole  was  then  stopped,  and  pig-iron  allowed  to  flow  in  until 
the  mould  became  filled.  This  done,  a  second  mould,  containing 
within  a  cylindrical  cavity  representing  the  neck  of  tho  roll,  was 
placed,  by  means  of  a  crane,  on  the  other  mould,  tho  frames  of  both 
exactly  fitting  together  in  the  usual  manner.  The  joints  being  luted 
with  a  little  clay,  metal  was  poured  afresh  into  the  uppermost  mould. 
At  last  a  third  mould,  also  cylindrical,  was  adjusted,  and  pig-iron 
poured  in,  which  formed  a  dead-head  to  be  subsequently  removed. 
This  head,  by  its  pressure,  consolidated  the  soldered  joint  by  binding 
more  intimately  the  new  with  the  old  pig-iron.  It  then  only  re- 
mained to  allow  the  whole  to  cool,  and,  when  cold,  to  turn  tho  soldered 
part  in  a  lathe. 

The  process  should  be  rapidly  performed,  and  ought  not  to  last 
longer  than  i  hour,  exclusive  of  the  time  needed  for  tho  preparatory 
heating  in  the  coke  fire.  According  to  Meugy,  a  finished  roll  weighing 
1100  kil.  cost  616  francs;  but,  as  old  pig-iron,  was  only  worth  132 
francs.  The  cost  of  reparation  by  this  process  amounted  to  1 1 5-8  francs, 
so  that  there  was  a  clear  gain  of  3G8  francs. 

In  this  country  broken  rolls  are  mended  in  some  establishments ; 
but  1  believe  tho  practice  is  not  general.  The  process  of  reparation 
resembles,  but  is  more  simple  than,  that  above  described.  The  roll 
is  set  vertically,  with  its  broken  end  uppermost.  A  sand  mould 
within  an  iron  frame  is  fixed  on  the  top,  and  molten  pig-iron  is 
poured  in,  and  kept  flowing  out  at  a  hole  on  one  side  near  tho  bottom 
of  the  mould,  until  the  broken  end  is  in  a  state  of  incipient  fusion, 
when  the  hole  at  the  side  is  stopped,  the  mould  filled  with  metal,  and 
the  whole  left  to  cool.  There  is  no  dead-head.  At  the  Mill  Wall 
Company's  Iron-works  1  saw  a  roll  thus  mended  satisfactorily,  of  which 
the  neck  was  11  in.  and  the  roll  22  in.  in  diameter  (Sep.  1863).  I 
am  assured  that  the  process  is  satisfactory  in  all  respects. 
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Chinese  Method  op  mending  cracked  Cast  iron  Utensils. 

The  Chinese  use  extensively  for  culinary  purposes,  such  as  boiling 
rice,  etc.,  circular  bowl-like  vessels  or  pans  of  thin  cast-iron.  These 
pans  were  long  ago  described  and  .figured  by  Count  Rumford  ;  and  ho 
alludes  to  the  ingenious  method  of  mending  them  by  itinerant  tinkers.* 
At  my  request,  my  friend  Dr.  Lockhart,  the  indefatigable  and  well- 
known  Chinese  medical  missionary,  now  directing  an  hospital  at  Pckin, 
procured  a  specimen  of  one  of  the  mended  pans,  and  the  apparatus 
employed  in  the  process,  which  ho  presented  to  the  Museum  in  Jermyn 
Street,  where  they  may  now  bo  seen.  The  pans  are  difficult  to  make, 
on  account  of  their  thinness,  and  yet  they  are  commonly  manufactured 
by  the  Chinese  themselves.  I  have  received  the  following  description 
from  Dr.  Lockhart : — 

"  These  boilers  are  much  used  for  cooking  rico  and  other  vegetables, 
and  are  made  very  thin,  their  chief  excellence  in  the  eyes  of  the 
Chinese  being  their  thinness,  as,  owing  to  this  quality,  very  little  fire- 
wood is  required  to  boil  water  in  them.  Some  years  ago  a  large 
quantity  of  boilers  were  made  in  Birmingham  of  the  same  shape  as  tho 
Chinese  vessels ;  but  tho  natives  would  not  buy  them,  as  they  were  too 
thick,  and  wasted  firewood.  The  boilers  being  so  thin,  are  very  apt  to 
break  and  crack,  in  which  case  they  are  handed  to  an  artisan,  who, 
with  the  articles  of  his  trade  slung  in  baskets  across  his  shoulders,  goes 
about  tho  streets,  crying  out  1  Boilers  to  mend ;  Jars  and  other  vessels 
repaired ! '  One  of  these  men  is  frequently  seen  repairing  a  boiler, 
which  is  not  only  cracked,  but  has  a  piece  broken  out  of  it,  say  an  inch 
square.  He  first  cleans  the  edge  of  tho  fracturo  by  scraping  it  with  a 
chisel,  and  rubbing  it  with  a  piece  of  brick ;  after  which  he  inverts  the 
vessel  and  places  it  on  a  low  tripod  stand,  so  that  ho  can  easily  use  his 
hands  inside  and  outside  of  it.  By  his  side  are  his  box  of  tools  and 
various  other  articles  of  his  trade.  He  takes  a  little  crucible,  of  tho 
size  of  a  thimble,  and  places  in  it  a  small  scrap  of  cast-iron ;  tho 
crucible  is  then  put  into  a  small  furnace  about  as  large  as  the  lower 
half  of  a  common  tumbler  (that  in  the  Museum  is  somewhat  larger) ; 
this  is  filled  with  charcoal,  and,  by  means  of  bellows,  great  heat  is 
produced,  and  tho  iron  is  shortly  melted.  The  workman  now  drops 
tho  melted  iron  on  a  piece  of  felt,  covered  with  some  charcoal  ashes 
or  dust,  which  he  holds  in  his  left  hand,  introduces  it  into  the  inside 
of  the  inverted  vessel,  and  presses  it  against  the  part  to  be  repaired,  at 
the  same  instant  striking  the  melted  metal  that  protrudes  through  tho 
hole  or  crack  with  a  small  roll  of  felt,  covered  also  with  ashes.  This 
process  he  repeats  till  the  deficiency  in  the  boiler  is  filled  up.  Ho 
then  breaks  otf  any  rough  projecting  parts  of  tho  new  surface,  nibs  it 
over  with  a  piece  of  broken  tile  or  brick,  so  as  to  make  it  tolerably 
smooth ;  and  having  tried  whether  his  work  .is  perfect,  by  putting 


5  Essays.  Political,  Economical,  and  Philosophical.  Bv  Benjamin  Count  of  Rumford. 
lrftt.  3.  p.  29H. 
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water  into  the  vessel,  hands  it  to  the  owner,  and  charges  or  4d. 
for  the  job." 

A  detailed  account  of  the  process  by  Mr.  Balestier,  U.  S.  Consul  at 
Singapore,  was  published  in  the  United  States  in  1850.*  It  was  de- 
scribed in  1794-5  bv  Van  Braain,  the  second  in  command  of  the  Dutch 
embassy  to  Pekin,  who  afterwards  settled  iu  the  United  States.  In 
this  description  the  globule  of  molten  cast-iron  is  stated  to  be  poured 
upon  a  piece  of  wei  paper ;  in  which  case  the  Chinese  availed  them- 
selves of  the  spheroidal  state  of  water.  Mr.  Balestier's  account  agrees 
substantially  with  that  of  Dr.  Lockhart  There  is  no  actual  soldering ; 
but  the  cracks  are  united  by  little  rivet-like  pieces  of  cast-iron,  pro- 
duced, of  course,  without  hammering. 

The  blowing  apparatus  is  extremely  ingenious  and  effective,  and  is 
wholly  of  wood,  except  the  packing  and  wire  hinges  of  the  valves.  It  is 
represented  in  the  accompanying  engravings,  which  have  been  executed 
from  accurate  drawings  of  the  bellows  in  the  Museum  in  Jermyn  Street. 
It  consists  essentially  of  a  rectangular  wooden  box,  with  a  piston 
working  horizontally.  The  engravings  will  render  the  construction 
perfectly  intelligible.  Fig.  207,  ].  Longitudinal  vertical  section. 
2.  Cross  section  through  the  middle,  showing  a  hanging  valve,  opening 
inwards,  and  tho  nozzle.  There  is  a  similar  valve  at  the  opposite  end. 
X  Elevation  of  the  end,  through  which  the  handle  of  the  piston 
protrudes.  4.  Plan  of  the  top,  which  is  made  to  slide  out,  in  order 
to  effect  any  necessary  repairs,  etc.,  within.  5.  Horizontal  longi- 
tudinal section,  showing  the  valve  at  the  nozzle,  and  which,  moving 
alternately  by  the  pressure  of  the  air,  from  one  side  to  the  other, 
shuts  off  the  nozzle  from  the  space  on  each  side  the  piston  respec- 
tively. There  is  a  wooden  passage  for  tho  air  at  the  bottom  on 
the  nozzle  side,  which  is  shown  partly  cut  away.  6.  The  piston, 
which  is  packed  with  feathers.  This  packing  seems  to  answer  ad- 
mirably. N\e  have  seen  that  it  is  used  in  India,  Borneo,  and  else- 
where. 7.  Valve  at  the  nozzle.  8.  Side  elevation,  partly  cut  away 
on  account  of  deficient  space  in  the  engraving.  9.  Cross  section  of 
the  edge  of  the  piston,  showing  the  mode  of  fastening  on  the  feathers 
with  string.  The  apparatus  is,  it  will  be  perceived,  double  acting.  It 
gives  an  excellent  and  pretty  uniform  blast,  and  may  be  worked  with 
ease. 

The  furnace  is  a  little  shallow  circular  open  vessel  of  sheet-iron, 
,r>J  in.  in  diameter  at  the  top,  and  5j  in.  high,  lined  with  fire-clay,  and 
having  a  few  little  bars  for  the  grate,  below  which  the  blast  is  intn»dueed, 
r.vartl v  in  the  same  manner  as  in  the  furnace  known  as  Faraday's. 

In  the  American  report  cited  it  is  remarked,  44  Perhaps  uo  device 
can  be  named  more  characteristic  of  Oriental  ingenuity  of  the  most 
mechanical  people  of  the  East  than  this.  It  is  one  that  could  only 
have  occurred  wheie  ages  of  experience  in  the  treatment  of  the  metals 


*  Roport  of  tho  Commissioners  of  Pa-  I  tnn,  1851.  p.  406.  It  is  illustrated  with 
fx'iit*  for  the  year  lS.r»0;  Part  I.  Washing-  |  an  interesting  sketch  of  a  tinker  at  work. 
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had  elapsed.  The  idea  of  an  ordinary  artisan  fusing  iron  with  a 
handful  of  charcoal,  and  handling  the  glowing  liquid  as  if  it  wore  but 
melted  wax  or  tallow,  would  be  considered  by  our  founders  as  belonging 
rather  to  romance  than  to  reality.  Every  year  thousands  of  vessels, 
large  and  small,  are  with  us  thrown  aside — costly  sugar  pans  of 
planters,  and  the  more  capacious  vessels  of  soap-boilers  and  brewers, 
as  well  as  culinary  caldrons,  that  might  be  restored  to  soundness  by 
this  simple  method,  and  at  the  most  trifling  charge."  There  is,  I  fear, 
reason  to  doubt  whether  thick  vessels  of  cast-iron  could  be  mended  so 
cheaply  and  efficaciously  as  the  American  writer  seems  to  suppose. 

PRICES  OF  BRITISH  MERCHANT-IRON. 

I  have  pleasure  in  presenting  the  following  elaborate  tabular  state- 
ment of  the  prices  of  every  description  of  British  merchant-iron  in 
1803,  which  has  been  obligingly  prepared,  at  my  request,  for  this 
work  by  Messrs.  William  Bird  &  Co.,  of  2,  Laurence  Pountney  Hill. 
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754  PRICES  OF  BRITISH  MERCHANT-IRON. 


LIST  OF  EXTRAS  PER  TON  OF  2240  lbs. 


STAFFORDSHIRE  IRON. 


The  ordinary  sizes  of  bar  iron  are  from  £  to  3  inches  round  and  Bquare,  and  from 

1  to  0  inches  wide  by  J  to  1  inch  thick. 

and  Squares. 

43       i     U      A      h     i      A      n  inches. 
15/   20/    25/   30/   35/   40/    60/   80/  per  ton  extra. 
3$  to  4      4  J  to  4}      4j  to  5  inches. 

50/     per  ton  extra. 

6f  to  7  inches. 


90/ 

110/ 

130/ 

jkt  ton  extra. 

A 

i 

h 

|    in  thick. 

20/ 

10/ 

•  •  • 

•  •  • 

...  per  tou  extra. 

30/ 

20/ 

10/ 

10/ 

10/ 

40/ 

30/ 

20/ 

10/ 

10/ 

50/ 

40/ 

30/ 

20/ 

20/ 

60/ 

50/ 

40/ 

30/ 

30/ 

i  M 
I  M 

i  .. 

Sash  and  Fancy  Iron.— Rolls  will  bo  turned  for  unusual  patterns  if  quantity  required 
be  not  too  small. 

Tyre  Iron. 

From  3J  to  4  cwt.  each   40/  per  ton  extra. 

4  „  5       ,   80/ 

5  6    120/ 

Bending   7/        , , 

Welding  and  blocking    70/        , , 

Wire  Hods. — If  wautcd  in  long  lengths,  will  be  coiled  up  without  extra  cliarge. 

Angle  and  Tee  Iron. 

For  each  J  inch  below  lJXl§to|x?  inch   10/  per  ton  extra. 

, ,        }  , ,   above  8  united  inches    10/        , , 

\        bulb  above  7  do   20/ 


» » 

Girder  Iron. 

For  each  j  inch         •  above  8§  united  inches  20/  per  ton  extra. 


Zfli     inch  wide. 
20/      40/      80/       120/  per  ton  extra, 
6  to  3|  inches  not  thinner  than  No.  14  W.  G.  ordinary  gauge. 
35,,  2J  ,,  15  ,, 

2  ,,lj  17 
lj,,li  18 
1*,,1  ».  19  - 

I  , ,   J  • ,  . »  20    , , 

For  each  gauge  thinner,  10/  per  ton  extra. 


Doubles,  No.  21  to  24  W.  G   30/  per  ton  above  singles. 

Latten,    No.  25     27     , ,    60/        , ,  , , 

Each  gauge  above  No.  27    20/  per  ton  extra. 
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Platet. 

Above  4  cwt.  to  5  cwt.  per  plate    20/  per  ton  extra. 

5  it     6         ||    50/        , , 

6  6J    70/ 

GJ         7         ,   90/ 

24  feet  iraperficial  if  under  4  cwt   20/        , , 

15       long   40/ 

4  ,  t  wide    40/        , , 


NEWCASTLE  AND  MIDDLESBORO'  IRON. 


The  ordinary  sizes  are  from  J  to  3  inches  round  and  square,  and  from  1  to  6  inches 

wide  by  i  to  1  \  inch  thick. 

Rounds  and  Squares. 

ft        I        ft        I         ft  inches. 
10/      20/      30/      40/      70/  per  ton  extra. 
For  each  j  inch  above  3  inches  5/  per  ton  extra. 


4 

1 

1 

inch  thick. 

1  inch  wid 

to  20/ 

10/ 

•  i  ■ 

•  •  • 

per  ton  extra. 

I  „ 

40/ 

30/ 

10/ 

10/ 

10/ 

t » 

f  „ 

60/ 

30/ 

20/ 

10/ 

10/ 

t  < 

70/ 

40/ 

30/ 

30/ 

I  1  • 

• » 

9      •  t 

90/ 

80/ 

00/ 

•  •  i 

•  •  • 

•  • 

Abovo  6  inches  wide  for  each  J  inch  10/ 
Tyre  Iron. 

For  each  J  cwt.  above  3  cwt   10/  per  ton  extra. 

Angle  and  Tee  Iron. 

For  each  J  inch  below  1$  to  1J  to  J  x  f   5/  per  ton  extra. 

|    , ,  above  8  united  inches   10/  ,, 

, ,       i    ,,  bulb  abovo  7  do   10/  , , 

Girder  Iron. 

Fur  each  J         «  above  8J  united  inches  10/  per  ton  extra. 
Hoop  Iron. 

I  inch  wide  not  thinner  than  No.  19  W.  G  10/  per  ton  extra. 

i  No.  20    30/ 

i  No.  20    80/ 

For  each  gauge  thinner   20/        , , 

Sheet  Iron. 

Doubles,  No.  21  to  24  W.  G   30/  per  ton  above  singles. 

Lntten    60/ 

Plate*. 

i  inch  and  thicker,  for  each  }  cwt.  above  4  cwt.   10/  per  ton  extra. 

k    , ,  , ,  2  inches  wider  than  4  feet   10/        , , 

J    , ,        more  than  40  feet  (superficial,  special  Agreement 
Thinner  tlian  i  to  ^  inch,  for  each  1  inch  wider  than  4  feet    20/        , , 
, ,        i  , ,  ft  , ,  and  more  than  32  superficial  feet, 
special  agreement. 

I  inch  if  4  feet  wide   20/        , , 

i    , ,     abovo  4  feet  wide  or  28  feet  superficial,  si>ecial  agreement 

Chequered  Plates. 

For  each  1  inch  wider  tlmn  30  to  89  inches    "»/  per  ton  extra. 

Above  8  feet  long,  special  agreement 

3  C  2 


Digitized  by  Google 
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YORKSHIRE  IRON. 
Ordinary  Quality. 


The  ordinary  sizes  are  from  J  to  3  inches  round  and  square,  and  from  1  to  C  inches 

wide  by  i  to  H  inch  thick. 


ii         I         A         i         Y&  inch- 
10/      20/      30/      40/      80/  per  ton  extra. 

3i    3J     3]     4      4J     4*     4}     5      5J     5J     5?      6  inches. 

5/    10/    15/   20/   30/   40/    50/    00/    70/   80/    90/    100/ per  ton  extra 

flat* 

7  inehes  broad   20/  per  ton  extra. 

Above  7  do   30/ 

I  inch  wide  by    10/ 

S    20/ 

t    30/ 

i    40/  ,, 

Tyre  Iron. 

4  cwt.  to  5  cwt.  each    40/  per  ton  extra. 

5  .  i     6     , ,    90/       , , 

6  7    140/ 

7  8    180/ 

Welded  and  blocked    80/ 

Angle. 

1|  to  1J  inch  by  J    10/  per  ton  extra. 

I    ii    I  tfe   W 

1         i      •  i     i    20/ 

J  tTi   20/ 

f  I    30/  ,, 

Angle  and  Tee  Iron  above  8  united  inches  according  to  agreement. 

, ,     above  25  feet  to  30  feet  long          10/  per  ton  extra. 

Tee       , ,     21  ,,  long,  special  agreement. 

Hoop  Iron. 

I  inch  by  20  W.  G   20/  per  ton  extra. 

}  20    40/ 

8  ii     20    80/ 

*     ,,     20    120/ 

Hoops  under  1  inch  wide  20/  extra  for  each  gauge  under  20  W.  O. 

, ,     cut  to  exact  lengths  or  above  4  inches  wide         10/  per  ton  extra. 

, ,     above  4  inches  to  6  inches  wide   10/        , , 

6  wide  for  each  inch.   10/ 

Plates. 

Extras  same  as  Staffordshire. 


Superior  Quality. 
Rounds  and  Squares.  * 

From  3  to  4  cwt.  each  bar   "E0/  per  ton  extra. 

, .    4  , ,  5    40/ 

. ,    5  , ,  6    60/ 

. .    6  , ,  7   100/ 

• ,    7  , ,  8  ,  140/ 

For  each  T's  under  $  inch    10/         . , 
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YORKSHIRE-™,</W. 

Flati. 

For  each  '6  inch  lew  than  1  inch  wide   10/  per  ton  extra. 


Tyre  Iron. 

From  3}  to  4  cwt.  each   80/  per  ton  extra. 

4    ..3   160/ 

, .  «    » ,  7    240/ 

7  and  above    320/ 

Bending    7/0 

Welding  and  blocking    80/ 

Plates. 

From  3  to  3J  cwt   CO/  per  ton  extra. 

, ,    3*  , ,  4     ,   100/ 

,.    4  ,,  4  J    160/ 

4  J      5    200/ 

Above  5  , ,    300/         , , 

Plate*  to  sketch,  or  differing  from  a  square  form  or  regular 
tujicr    60/ 


Loicmoor  or  Bovding. 

Bounds,  Squares,  and  Flats. 

From  2J  to  3  cwt.  each  bar    10/  per  ton  extra. 


3 
4 

5 
6 
7 
8 


4 
"» 

6 
7 
8 
9 


t » 
1 1 


30/ 
50/ 
80/ 
120/ 
180/ 
280/ 


40/ 


t«         \  h  i»ch. 

60/      80/       100/  per  ton  extra. 


Squares. 

AJoJ  inch. 

20/      per  ton  extra. 

Flats. 

Under  1  x  }  inch. 

20/    per  ton  extra. 

Tyre  Iron. 

From  3  J  to  4  cwt.  each   80/  per  ton  extra. 

4   ,,  5       ,   160/ 

,.     5       7    240/ 

Above         7       ,,    320/ 

If  under  8  feet  6  indies  long    40/ 

Bending  tyres    7/6       , , 

Welding  and  blocking   80/ 

Rivet  Iron. 

ft  and  §  inch   20/  per  ton  extra. 

ft        i    4°/ 

ft  inch   60/ 

ft  "»/ 


*  t 
» t 
» > 
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YORKSHIRE— continued 


I  to  f  inch  brood   20/  per  ton  extra. 

I      }    40/ 

Plates. 

From  2|  to  8  cwt    20/  per  ton  extra. 

3  ,i  3J  ff   60/ 

ii    3J  ii  4    ,i  •  •  100/        , , 

ii    4   ii  4  J  ii    •   1 60 /  ii 

»i     ^2  »»  *J     ti   •  • 

200/ 

Above        5    ,,    300/ 

Hammered  aud  chequered  plates,  and  all  plates  of  irregular  form,  60/  per  ton 


WELSH  IRON. 


The  ordinary  sizes  are  from  I  to  3  inches  round  and  square,  and  from  1  inch  wide 
by  { inch,  and  from  1|  to  6  inches  wide  by  J  to  1  inch  thick. 

Bounds  and  Squares. 

A         i        £        |        A        |         ffe  inches. 
10/      10/      20/      30/      40/      50/      100/  per  ton  extra. 

3Ho3J      3J_to_4      4jjto_4i      4J_t«5      5J_to5*      5J_to_6  inches. 

10/  20/  30/  50/  60/  80/  pur  ton  extra. 

For  lengths.   Heavier  than  6  cwt.  per  bar  special  agreement 

Flats. 


i 

ft 

* 

h 

|    inch  thick. 

30/ 

20/ 

10/ 

10/ 

...  per  ton  extra. 

1   

30/ 

20/ 

10/ 

10/ 

10/ 

i   

40/ 

30/ 

20/ 

20/ 

10/ 

■ 

50/ 

40/ 

30/ 

30/ 

20/ 

*   

60/ 

50/ 

40/ 

40/ 

30/ 

Per  ton  extra. 

Per  tun 

extra. 

3J  to  4  inches  by  2J  to  3  inches  10/ 

7 J  to  8  inches  by  $  to  T*a  

30/ 

4i,,5  ,, 

2  , 

i  3  || 

20/ 

8 

« t 

I-  i   

20/ 

5J  ,,  6 

!!• 

10/ 

7* 

8 

•  i 

1J..2   

30/ 

5J  , ,  6      , , 

If. 

,  2  ., 

20/ 

9 

•  i 

I..2   

50/ 

6i.,7 

3 

18  » 

»  fa 

30/ 

10 

• « 

I..2   

50/ 

61, ,7  ,, 

1. 

,  2  ., 

20/ 

12 

J  ii  2  

60/ 

Tyro  Iron. 

From  3|  to  4  cwt  each   40/  per  ton  extra. 

t.    4  ,,  5   120/ 

. .    5,,  7     ,   200/ 

7  cwt  and  upwards    280/        , , 

Angle  and  Tee  Iron. 

Above  7  und  not  exceeding  9  united  inches    10/  per  ton 

.,0  m  10    30/ 


000  or  9  W.  O.  or  &  inch  square   10/  per  ton 

0000  or  9  X  10  W.  G   20/ 

1  inch  square,  equal  to  9  X  1 1  W.  G   20/        , , 

tj        i  <  9  X  12    20/ 


Doubles  No.  21  to  24  W.  G.  inclusive   30/  per  ton 

Latten     , ,  25  , ,  27    60/ 

..28    80/ 

..  29    100/ 
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Above  3  feet  wide  and  under  11  W.  G          10/  to  40/  per  ton  extra. 

, ,    8  , ,  long,  special  agreement 

Strips  narrower  than  12  inches   10/        , , 

Corrugated  Sheets.   Curving  20/  per  ton  extra. 

Extras  for  gauge  aa  above. 

Plates. 

Above  4  cwt.  to  4  J  cwt   20/  per  ton  extra. 

» .     4  J    , ,      5    , ,    40/         , , 

, ,     5     , ,  special  agreement. 

4  feet  wide    40/ 

, ,  12  , ,  long,  and  not  exceeding  15  feet  20/ 

,.15  ,,  ,,  18  40/ 

, ,    18  , ,  , ,  21  , |    CO/         , , 

Taper,  circular,  or  other  shapes  not  rectangular,  according  to  sketch. 
Strips  narrower  than  12  inches  10/  per  ton  extra. 


SCOTCH  IRON. 


The  ordinary 


are  from  I  to  3  inches  round  and  square,  and  from  1$  to  6  inches 
wide  by  14  to  1  inch  thick. 


Bounds  and  Squares. 

h  i 

10/  10/ 

3j__3j  4 
10/  20/ 


4J 

30/ 


I 

30/ 
40/ 


ft 


40/ 

4* 

50/ 


I 


» ♦ 
i » 
» i 
» • 
t » 


...•.«■••■■«•«. 


30/ 
40/ 
40/ 
50/ 
00/ 


1J  to  6  inches  wide 

14  wide   

1 

I 
I 
I 

6  J  and  7  inches   

7^  inches  .■■*.•••*•*. 
8  ,,  

Tyre  Iron. 

From  3  to  4  cwt.  each 
» »    4  , ,  5 
ii    5  , ,  C 

Angle  Iron. 

I  inch  by  \  inch...  20/  per  ton 


10/ 

20/ 
20/ 
30/ 
40/ 
50/ 
60/ 
60/ 
20/ 


J         £  inches. 
50/      80/  per  ton  extra. 

5      5J      5J      6  inches. 

60/    70/    80/    100  per  ton  extra. 

ft       i        i       |   inch  thick. 


» » 
» t 


20/  20/   

20/  20/   

20/  20/  10/     10/  10/ 

30/  30/  20/     20/  20/ 

40/  40/  30/     30/  ... 

50/  50/  40/   

50/  50/      ...       ...  ... 

10/  10/  10/     10/  ... 

20/  20/     20/  ... 

...  30/  30/     30/  ... 

30/  per  ton  extra. 

60/ 
100/ 

Tee  Iron. 

5  x  3    20/  per  ton 


? 

, »     f  •  •  ••• 

30/ 

*  * 

5 

» ,  3  J  , ,  ... 

10/ 

•  • 

4x4  .... 

» » 

5* 

, ,  3    , ,  ... 

10/ 

» • 

Girder  Iron. 

6*  x  } inch 

7  x  J 

8  X  i 

9  x  i 
10    x  I  ,, 


I 


t  • 


10/  per  ton  extra. 

20/ 
30/ 
40/ 
50/ 


» » 
» • 
» » 
» » 
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PRICES  OF  BRITISH  MERCHANT-IRON. 
SCOTCH — continued. 


7  inches  to  2 J  inches  wide,  if  thinner  than  13  W.  G.  ...  10/  per 
2       „  lj 

u  13 
u  i 

l  inch  20/  extra,  and  if  thinner  than 
f  » •    40/  , ,  , , 

i  , ,   80/  , ,  , , 

I  120/ 
If  cut  to  lengths  10/  per  ton  extra. 

Sheet  Iron. 

No.  21  to  24  W.  G   30/  ...  20/  per  ton  extra  each  gauge 

,,  25      27   GO/  ...  20/ 

If  under  12  inches  wide  10/  per  ton  extra. 

Plates 

For  each  }  cwt  above  4  cwt   10/  po r  ton  extra. 

1  foot    ,,   15  feet  long  ...  10/ 

If  under  12  inches  wide    10/ 

Rounds    20/ 

Other  shapes  per  agreement. 


[gauge. 


17 

...  10/ 

18 

...  10/ 

19 

...  10/ 

20 

...  20/ 

20  ,, 

...  20/ 

20 

...  20/ 

20 

.  .  20/ 

All  iron  of  unusual  lengths,  or  cut  to  exact  lengths  or  irregular  shapes,  will  he 
charged  extra  according  to  agreement. 

Some  makers  adopt  a  higher  scale  of  extras  than  the  above  :  when  therefore  special 
marks  are  ordered,  the  extras  will  be  charged  accordingly. 


Digitized  by  GoOjgl 


Wffl "  QD '  CD "  ' 

arsr      ^rir       *rsr  ~ww 


PUDDLING  FORGE 


.QD.  .QD .  3D .  3D . 
OD"  CD'  W  JJ  : 


»0>L«0» 

Si 


11 


(i 


i  § 


puddling 


OX  .CD.  .XL  .CD. : 


PLAN  OF  THE  EBBW  VALE  FORGES  AND  MILLS. 


■  • 


QD" 
LTD. 


e 

■ 


to  philtres. 

1.— A  43-lnch  condensing  beam  engine,  s  ft.  stroke,  making  30  strokes 
jier  minute,  the  rolls  going  40  re  volutions  per  mln.  The  engine  drives 
3  trains  of  puddle,  rolls  and  3  squeezers,  and  works  for  50  furnaces. 

2  —A  2SHn.  high-pressure  condensing  l>eam  engine,  5  ft.  strok<-,  making 
25  strokes  tier  minute;  rolls  working  direct.  The  engine  drives  one 
train  of  rolls  and  w  orks  a  4-ton  helve-hammer.  Steam  not  (or engine 
and  steam-hammer  from  the  waste  heat  of  the  puddling-furnaces. 
1 6  puddling-fumacea.  The  steam  la  at  40  11*.  pressure  in  the  cylinder, 
and  cut  off  at  4  of  the  stroke. 

3.  — A  32-inch  high-pressure  beam  engine,  flft.  stroke,  making  30  strokes 

|>er  minute,  driving  2  trains  of  rolls  at  102  revolutions  \«  t  minute. 

4.  — A  33-lnch  high  pressure  beam  engine,  h  ft.  stroke,  making  23  strokes 

per  mln.,  driving  3  trains  of  rolls  making  78  revolutions  per  minute. 
6.— An  IB-lu.  horizonUl  high-pressure  engine,  2  ft.  4  In.  stroke,  50  strokes 
per  minute,  driving  blooming  rolls  at  16  revolutions  per  minute. 

6.  — A  16-lnch  horizontal  high-pressure  engine,  3  ft.  stroke,  50  strokes 

per  minute,  driving  blooming  rolls  at  16  revolutions. 

7.  — A  19-Inch  horizontal  high-pressure  engine,  3  ft.  stroke,  50  strokes 

per  minute,  driving  bloomiriK  rolls  at  1 6  revolutions.   The  blooms  at 

each  of  then.-  mills  are  lifted  by  n  steam  cylinder  of  12  In.  diameter. 
*,  8.— Engines  driving  saws  for  sawing  ends  or  rails  off. 
9. — A  pair  of  24-incb  horizontal  high-pressure  engines,  4  ft,  stroke, 

30  strokes  per  minute,  driving  a  train  of  rolls  at  20  revolutions 

per  minute  to  flatteu  the  crop  ends  of  rails. 

10,  — A  high-pressure  horizontal  engine,  3  ft.  stroke,  16  in.  diameter, 

making  about  40  strokes  per  minute,  driving  presses  and  punches 
for  straightening  and  punching  rails. 

11,  11.— Two  pairs  or  lo-inch  horizontal  engiues,  in  inches  stroke,  making 

ho  strokes  per  minute,  and  driving  6  4*-lnch  Lloyd's  fans. 

12,  12,  12,  12.-  Shears  for  cutting  up  Iron. 
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PLANS  OF  IRON  WORKS. 

The  details  of  arrangement  in  iron-works  most  in  a  considerable 
degree  depend  on  the  nature  of  the  locality  in  which  they  are  situate. 
In  most  works  additions  have  from  time  to  time  been  made;  and  the 
plan  theiefore  is  generally  not  such  as  would  be  adopted  if  the  works 
were  erected  de  novo.  By  way  of  illustration  plans  are  presented  of 
the  Kbbw  Vale  Forges  and  Mills.  The  river  Ebbw  runs  through  the 
valley,  which  is  one  of  a  series  of  similar  valleys.  On  the  right  is 
Gwm  Celyn,  which  in  Welsh  signifies  the  Holly  Valley ;  and  again, 
on  the  right  of  this  valley  is  another,  in  which  are  the  lilaenavon  Iron- 
works. Almost  all  the  iron-works  of  South  Wales  are  readily  ac- 
cessible by  railways  from  the  village  C'rumlin,  which  may  be  con- 
veniently selected  for  residence  by  persons  proposing  to  visit  these 
works. 

Description*  of  the  Great  Mill  at  Dowlais. 

For  this  description  I  am  indebted  to  the  manager,  Mr.  William 
M  en  e  la  us. 

The  large  lithograph  represents  the  machinery,  and  the  smaller  one 
the  machinery  and  the  arrangement  of  the  furnaces. 

The  mill  was  built  for  tho  purpose  of  rolling  beam  and  other  iron 
of  large  sections  and  great  length.  The  engines  are  powerful,  and  tho 
machinery  heavy  in  proportion. 

For  the  foundations  of  the  mill  tho  ground  was  excavated  until 
solid  mine  ground  was  reached ;  the  excavation  was  filled  with  large 
rough  blocks  of  limestone,  the  spaces  between  the  blocks  being  filled 
with  concrete ;  upon  this  foundation  a  floor  of  oak  6  in.  thick  was  laid, 
and  upon  this  floor  tho  framing  was  placed  without  being  attached 
in  any  way  thereto. 

The  framing  consists  of  a  bottom  and  top  girder  of  cast-iron,  tied 
together  by  frames  also  of  cast-iron ;  these  frames  or  "  crosses  "  fit 
into  strong  dove-tail  jaws  cast  upon  the  girders ;  they  are  blocked 
with  dry  English  oak  and  wedged  with  iron  ;  there  is  no  fitting,  the 
castings  being  put  together  as  they  leave  the  foundry.  \\  herever 
practicable  this  method  of  fastening  was  adop'ed. 

There  are  four  lines  of  framing  tied  together  at  the  ends  by  cross 
frames  blocked  and  wedged  as  above.  These  lines  of  framing  support 
the  engines  and  machinery. 

The  cylinders,  45  in.  in  diameter  aud  10  ft.  stroke,  are  fixed  on 
bed-plates  firmly  secured  in  dove-tail  jaws,  and  strongly  bolted  to  the 
top  of  the  framing.  Fourteen  columns  attached  by  bolts  and  dove- 
tail jaws  to  the  top  girders  support  the  framing  for  carrying  the 
engine  beams  ;  these  beams  are  of  cast-iron  of  great  strength.  Tho 
pedestals  are  attached  to  the  top  framing  by  jaws  and  bolts,  the  covers 
are  cast  in  a  piece  with  the  pedestal,  and  the  top  brasses  keyed  down 
upon  the  bearings. 

The  connecting  rods  are  of  oak,  strapped  with  wrought-iron ;  at 
each  end  of  tho  connecting  rods  a  filling  piece  of  cast-iron  is  inserted ; 
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these  filling  pieces  are  firmly  keyed  against  the  ends  of  the  timber  for 
the  purpose  of  preventing  wear,  and  forming  a  solid  Wiring  for  the 
brasses. 

The  cranks  are  of  cast-iron,  blocked  and  wedged  upon  the  shafts ; 
the  crank  pins  are  of  wrought-iron. 

The  cylinders  have  ordinary  slide  valves,  with  gridiron  expansion 
valves  on  the  back  of  the  valve  jackets ;  the  valves  are  worked  direct 
by  cams  on  the  crank  shaft. 

The  engines  are  non-condensing,  worked  with  steam  of  a  pressure 
of  50  lbs.  on  the  square  inch. 

The  boilers  are  t>  in  number,  on  the  Cornish  plan ;  the  shells 
45  ft.  long,  7  ft.  in  diameter,  and  the  tubes  4  ft.  in  diameter.  The 
boilers  are  placed  at  a  considerable  distance  from  the  engines,  and 
upon  a  higher  level ;  the  steam  is  produced  by  the  waste  gases  from 
the  blast  furnaces,  which  are  situate  about  700  yards  from  the  boilers. 

The  crank  shaft  is  of  cast-iron,  hollow ;  the  driving-wheel  is  25  ft 
in  diameter,  with  120  teeth,  8  in.  in  pitch  and  2  ft.  wide  on  the  face. 
The  centrepiece  of  this  wheel  is  blocked  and  wedged  upon  the  shaft; 
the  arms  are  fastened  by  blocking  and  also  by  bolts:  the  ring  is  in 
10  segments,  attached  to  the  arms  simply  by  blocking  and  wedges. 

The  fly-shaft  is  of  cast-iron,  also  hollow.  The  spur-wheel,  6  ft.  dia- 
meter, is  blocked  on  the  middle  of  the  shaft ;  and  there  are  two  fly- 
wheels, ono  fixed  upon  each  end  of  the  shaft,  built  up  in  the  same  way 
as  the  driving-wheel,  with  the  exception  of  the  rinis,  which  are  each 
in  one  piece,  attached  to  the  arms  by  dove-tail  jaws  and  blocking. 
These  wheels  are  20  ft.  diameter;  the  rims  are  12  in.  square. 

Upon  one  end  of  the  fly-shaft  is  the  mill  A.  This  mill  is  of  ordi- 
nary construction,  adapted  for  rolling  heavy  angle-iron,  slabs,  or 
rails:  when  making  rails,  the  rolls  make  100  revolutions  per  minute, 
and  will  turn  out,  if  required,  80  tons  in  twelve  hours. 

For  blooming  the  rail-piles  there  is  a  mill  C  with  three  rolls ;  there 
are  carriuges  for  raising  and  loworing  the  piles,  worked  from  the  end 
of  the  top  roll.  The  workman  has  simply  to  turn  the  piles  and  push 
them  into  the  grooves.  The  sawing  and  other  machinery  for  this  mill 
are  of  the  ordinary  construction,  and  driven  from  the  large  engines. 

K  is  a  flattening  mill,  where  the  crop  ends  of  the  rails  as  they  are 
cut  off  are  reduced  to  a  rectangular  shape,  to  fit  them  for  piling.  The 
blooming  mill  is  driven  by  bevel  gearing  from  the  fly-shaft.  There  are 
also  t  wo  heavy  hammers  DD,  driven  from  the  same  line  of  shafting,  for 
hammering  rail-piles  when  this  process  is  required.  Upon  the  other 
end  of  the  fly-shaft  is  a  mill  li,  designed  for  rolling  heavy  girders  and 
other  difficult  sections  ;  the  rolls  are  arranged  as  shown  at  F ;  the  pile 
is  first  passed  through  the  bottom  pair  of  rolls,  lifted  in  the  ordinary 
way,  and  passed  back  through  the  top  pair.  These  rolls,  when  making 
bars,  which,  from  the  thinness  of  section,  require  to  bo  finished  quickly, 
are  ran  at  100  revolutions  per  minute  ;  in  this  way  H  iron  10  to  12  in. 
wide  can  be  rolled  with  ease  up  to  50  ft.  long,  and  wider  sections  in 
proportionate  lengths.  This  arrangement  of  rolls  has  the  advantage  of 
rolling  backwards  and  forwards  at  a  speed  of  100  revolutions  per 
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minute,  and  the  bar  requires  to  be  moved  through  a  small  amount  of 
space  in  passing  from  one  groove  to  another. 

With  engines  of  ordinary  power  it  would  bo  impossible  to  roll 
iron  of  heavy  section  and  great  weight  in  this  way  ;  but  in  this  mill 
the  heaviest  and  longest  bars  are  rolled  with  great  ease,  and  without 
diminishing  the  speed  of  the  engines. 

The  sawing  machinery  is  driven  from  the  lurge  engines,  the  bench 
being  moved  by  steam. 

This  mill  is  also  employed  in  making  heavy  T  rails. 

There  is  a  blooming  mill  at  C  for  preparing  the  piles,  as  on  the 
other  side :  the  blooming  mill  shown  in  the  drawing,  however,  has 
been  removed,  and  an  apparatus  invented  by  Mr.  Charles  While  of  the 
TafT  Vale  Iron-works  substituted,  which  consists  of  a  pair  of  short 
horizontal  rolls,  with  one  groove  suited  to  take  in  a  bloom  of  8  in.  or 
9  in.  square ;  in  front  of  this  pair  of  rolls  is  another  pair  placed  verti- 
cally, and  in  front  of  these  again  another  pair,  horizontal  like  the  first; 
the  diameters  and  grooves  of  these  three  pairs  of  rolls  are  adjusted  so 
as  to  reduce  the  pile  or  bloom  from  8  or  0  in.  square  to  6  J-  or  7  in., 
being  the  proper  size  for  the  roughing  rolls  of  the  rail  mill. 

In  this  machine  it  is  only  necessary  to  put  the  pile  from  the  car- 
riage into  the  rolls,  and  it  is  delivered  a  finished  bloom  without  any 
handling;  this  machine  is  well  suited  for  blooming,  w hero  there  is  a 
long  run  of  work  of  the  same  kind,  as  in  a  rail  mill. 

The  straightening  machines  for  finishing  rails,  the  shears  and 
punches  for  angle  and  other  iron,  are  driven  by  the  largo  engines. 
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STEEL. 

The  literature  of  steel  is  very  extensive,  the  volumes  and  papers 
which  have  Wn  written  on  the  subject  forming  of  themselves  a 
library.  Nevertheless,  the  science  of  the  art  of  steel  making  is  still 
in  a  very  imperfect  state,  however  advanced  the  art  may  be.  The 
varieties  of  steel  in  commerce  are  exceedingly  numerous,  but  the 
causes  of  difference  are  in  many  cases  unknown,  and  the  investigation 
of  those  causes  is  attended  with  great  difficulty.  Even  on  such  an 
apparently  simple  point  as  the  existence  of  nitrogen  in  steel,  we  have 
seen  how  discordant  are  the  opinions  of  chemists  of  eminence.  That 
the  presence  of  this  and  certain  other  elements  in  minute  proportions, 
especially  silicon,  sulphur,  and  phosphorus,  does  very  sensibly  modify 
the  properties  of  steel  may  be  regarded  as  well  established ;  and  the 
accurate  quantitative  determination  of  these  elements,  when  combined 
or  in  association  with  a  comparatively  enormous  mass  of  iron,  is  one 
of  the  most  intricate  problems  of  chemical  analysis.  It  may,  indeed, 
be  doubted  whether  our  present  analytical  methods  suffice  for  its 
solution. 

The  principles  of  the  methods  by  which  steel  js  produced  consist  in 
the  addition  of  carlion  to  malleable  iron,  the  partial  decarburization  of 
cast-iron,  and  tho  addition  of  malleable  iron  to  cast-iron  ;  and,  accord- 
ingly, I  propose  to  describe  tho  processes  of  making  steel  under  these 
three  heads. 

PRODUCTION  OF  STEEL  BY  THE  ADDITION  OF  CARBON 

TO  MALLEABLE  IRON. 

In  the  direct  Reduction  of  Iron-Ores  at  one  Operation. 

In  tfie  Catalan  process. — In  the  description  of  this  process  previously 
given,  the  condition  was  specified  which  determined  the  formation  of 
steel,  or  steely  iron  (fer  acie'reux),  namely,  a  relative  increase  in  the 
proportion  of  charcoal,  or,  what  is  the  same  thing,  a  relative  decrease 
in  tho  proportion  of  ore.  In  this  case  the  ore  must  first  be  reduced, 
and  the  resulting  metallic  iron  afterwards  carburized  in  the  hearth  by 
contact  with  incandescent  charcoal.  But  in  such  a  process  uniform 
earburization  could  not  be  secured,  and  the  lumps  of  metal  obtained 
necessarily  consisted  of  irregular  mixtures  of  iron  and  steel. 

J n  crucibles. — In  1791  a  patent  was  granted  to  Samuel  Lucas  for 
making  cast-steel  by  melting  rich  ores,  such  as  the  red  haematite  of 
Cumberland  and  Lancashire,  in  admixture  with  carbonaceous  matters, 
charcoal,  horn,  bone  dust,  or  other  cementing  substances.  It  is  directed 
that  the  operation  should  be  conducted  in  air-tight  melting-pots,  that 
the  ore  should  bo  in  small  pieces,  and  either  mixed  or  interstratified 
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with  the  cementing  matter.'  The  expression,  other  cementing  snb- 
stances,  is  one  of  remarkably  wide  acceptation. 

Mr.  David  Mushet  obtained  a  patent  in  1800,  in  which,  amongst 
other  things,  he  claimed  the  production  of  cast- steel  by  melting  in 
crucibles  iron-ore,  mixed  with  a  suitable  proportion  of  carbonaceous 
matter.    I  shall  again  have  occasion  to  refer  to  this  patent.1 

In  1836  substantially  the  same  process  was  again  patented  by  John 
Isaac  Hawkins.  44  Burnt  mine,"  t.  e.y  roasted  iron-ore,  was  broken  into 
lumps  of  3  lbs.  or  4  lbs.  weight ;  and  each  lump,  imbedded  in  pow- 
dered charcoal,  was  subjected  to  a  high  temperature  in  crucibles  during 
periods  of  80,  76,  72  hours,  etc.' 

In  converting  furnaces. — In  1854  a  patent  was  granted  to  Samuel 
Lucas,  for  44  An  improved  Method  of  manufacturing  Steel,"  which 
consisted  essentially  in  interstratifying  the  bars  of  iron  in  an  ordinary 
converting-furnace,  to  be  hereafter  described,  with  layers  consisting  of 
iron-ore  in  lumps  about  as  large  as  walnuts,  or  any  oxide  of  iron,  such 
as  iron-scale,  etc.,  mixed  with  about  equal  quantities  of  animal  or  vege- 
table charcoal,  and  with  oxide  of  manganese  at  the  rate  of  about  £  lb.  to 
1  cwt.  of  ore,  less  or  more  manganese  being  used  according  to  the  degree 
of  hardness  required  in  the  steel.  It  is  directed  that  the  b.irs  of  iron 
should  not  be  allowed  to  touch  the  iron-ore,  as  the  latter  would  adhere 
to  them.  The  claim  is  also  inserted  in  the  specification  for  the  conversion 
in  a  similar  manner  of  iron-ore  alone,  without  the  presence  of  bar-iron.4 

In  1856  W  illiam  Edward  Newton  obtained  a  patent  for  44  Improve- 
ments in  the  process  of  manufacturing  steel,  and  carbonizing  [sic|  iron 
and  the  ores  thereof,"  being  a  communication  from  abroad.  The  iron- 
ores  are  directed  to  be  crushed  or  ground  to  the  size  of  lumps  of  about 
40  to  the  inch,  mixed  with  charcoal  or  other  carbonaceous  matters, 
and,  if  requisite,  also  with  suitable  fluxes  in  alternate  layers,  and  kept 
heated  in  a  suitable  cementing  vessel5  to  whiteness  during  about 
48  hours.  When  cold  the  ore  is  broken  or  crushed,  and  melted  in 
crucibles  to  form  cast-steel,  or  worked  up  in  a  furnace  into  spring- 
steel;  but  if  found  to  be  surcharged  with  carbon,  they  are  to  be 
puddled  and  hammered  in  the  usual  way.* 

Experiments  on  the  direct  production  of  cast-steel  from  iron-ores  in 
crucibles  were  made  by  Mr.  K.  Riley  at  the  Dowlais  Iron-works  a  few 
years  ago.  Excellent  steel  for  chisels,  etc.,  of  which  I  have  seen  spe- 
mens,  was  occasionally  obtained  ;  but  it  was  not  found  possible  to 
ensure  uniform  results. 

Cabbubization  op  Iron  as  a  distinct  Pbockss. 

In  all  the  preceding  methods  it  will  bo  observed  that  steel  was 
prepared  from  the  ore  at  one  operation.    The  process  next  to  be  con- 


»  A.D.  1791,  April  18.  No.  18459. 
Abridgments  of  Specifications,  etc.,  ante 
cit.  p.  14. 

2  A.D.  1800,  Nov.  13.  No.  2447. 
Abridgments. 

3  A.D.  1836,  July  4.    No.  7142. 


*  A.D.  1854,  August  7th.  No.  1730. 
Abridgments,  ante  cit.  p.  170. 

4  Tliia  may  mean  either  crucibles  or  a 
converting  furnace. 

6  A.D.  1856,  April  8.  No.  851.  Abridg- 
ments, ante  cit.  p.  222. 
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Bidered  involves  two  operations,  one  for  the  reduction  of  the  ore,  and 
the  other  for  the  carburization  of  the  resulting  iron. 

Cabbubkation  op  Pulvebulent  Ibon. — Chknot's  Pbocess. 

The  production  of  malleable  iron  by  this  process,  which  constitutes  the 
first  operation,  has  already  been  fully  detailed ;  and  it  now  only  remains 
to  describe  the  second  operation,  or  the  carburization  of  the  reduced 
iron,  which,  it  will  bo  remembered,  is  obtained  in  the  state  of  what  is 
termed  "  metallic  sponge."  The  sponge  is  intimately  mixed  with  char- 
coal-powder or  certain  solid  matters  rich  in  carbon,  such  as  common  resin, 
the  pulverization  of  which  is  facilitated  by  admixture  with  a  little  char- 
coal ;  or  it  may  be  impregnated  by  imbibition  with  liquid  substances 
rich  in  carbon,  such  as  wood-tar  (coal-tar  should  be  avoided  on  account 
of  the  sulphur  which  it  generally  contains),  fatty  matters,  etc  The 
ground  si>onge  is  left  immersed  in  tho  carbnrizing  liquid  until  complete 
saturation  occurs ;  and,  when  necessary,  gentle  heat  may  be  applied 
to  attenuate  the  liquid  and  so  favour  imbibition.  The  sponge  is  then 
drained,  and  afterwards  torrefied  in  a  close  vessel  during  an  hour. 
When  fatty  substances  are  used  as  carburizing  agents,  tho  sponge 
should  be  in  lumps  during  impregnation,  subsequently  ground,  and 
mixed  with  75°/0  of  unimpregnatcd  sponge,  as,  otherwise,  over-carbu- 
rized  and  too  hard  steel  would  be  produced.  The  sponge,  thus  pre- 
pared, is  now  compressed  to  ■  of  its  original  bulk,  and  at.  the  same  time 
moulded  into  little  cylindrical  pieces,  which  are  melted  in  crucibles, 
exactly  as  in  the  usual  method  of  fusing  steel.  The  matrix  of  the  oro 
swims  on  tho  top  of  the  molten  steel,  and,  immediately  before  casting, 
it  is  cooled  by  throwing  a  little  sand  into  the  crucible,  and  skimmed 
off.  The  charge  is  from  18  kil.  to  25  kil.  of  prepared  sponge  per 
crucible,  and  the  operation  lasts  on  the  average  about  4  hours.7 

According  to  Charriere,  a  well-known  surgical  instrument  maker  in 
Paris,  steel  produced  by  the  Chenot  process  works  well  hot,  but  lias 
neither  tho  "  body,"  the  tenacity,  nor  the  toughness  (resistance)  of  first- 
class  English  steel.  But  Grateau,  who  espouses  the  cause  of  Chenot 
with  perhaps  more  vigour  than  discretion,  observes,  with  reference  to 
the  opinion  of  Charriere,  that  it  "  assigns  to  the  Chenot  steels  a  func- 
tion different  from  that  of  the  first  English  marks,  without  depriving 
them  of  their  importance ;  they  are  very  valuable  for  all  purposes  in 
which  extra-superior  qualities  are  not  needed,  and  their  price  is 
moderate ;  for  certain  objects  they  will  even  be  preferred,  because 
they  weld  pretty  easily,  whilst  the  English  steels  do  not  weld  at  all."' 
The  Chenot  steels  are  declared  by  Grateau  to  be  quite  equal  to  the  best 
French  steels.  This  is,  at  least,  an  honest  admission,  and  can  neither 
be  gratifying  to  the  successors  of  Chenot,  nor  to  the  French  metallurgist 
who  predicted  such  a  brilliant  future  for  the  process  of  Chenot 

Grateau  presents  elaborate  computations  of  tho  "  prix  do  revient," 
or  cost  of  production  of  tho  Chenot  steels;  but  as  I  know  that  in 
not  a  few  instances  "prix  do  revient"  have  proved  fallacious,  and 

7  Ciinteau,  R<  vue  UniwrHi  1U-,  ante  n't.  part  4,  18."iD,  p.  40  ft  **>q. 

■  Op.  fit.  p.  ;*»!». 
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sadly  detrimental  to  the  interests  of  persons  who  havo  confided  in 
them,  I  have  become  perhaps  too  distrustful  with  respect  to  their 
accuracy  in  all  cases  in  which  they  have  not  been  deduced  from  actual 
and  bond  fide  balance-sheets.  At  tho  establishment  at  Clichy  tho  cost 
of  production  of  1000  kil.  (about  1  ton)  of  merchant  steel  is  reported 
to  be  1097*29  francs.  This  statement  should  inspire  confidence,  as  it 
extends  even  to  the  fraction  of  a  franc,  or  about  3d.  on  the  ton  ;  but 
tho  appearance  of  small  fractions  sometimes  leads  to  an  opposite  result. 
Under  ordinary  average  conditions,  Grateau  asserts  that  the  maximum 
cost  of  production  should  not  exceed  720  francs.  IIo  suggests  that,  in 
a  metallurgical  point  of  view,  it  would  be  both  useful  and  interesting 
to  represent  the  variations  of  the  cost  of  production  in  different  locali- 
ties by  diagrams,  indicating  the  cost  by  ordinates,  and  tho  names  of 
the  works  by  arbitrary  abscissae.  Definite  curves  would  thus  be  traced, 
showing,  with  respect  to  the  ore,  fuel,  pig-iron,  iron,  steel,  etc.,  the  varia- 
tions of  cost  according  to  geographical  position,  and  "  the  comparison 
of  these  tracings  would  furnish  precious  information."9  They  possibly 
might ;  yet  the  probability  is  that  they  would  exhibit  more  of  patient 
ingenuity  than  of  substantial  utility. 

No  apprehensions  need  be  entertained  as  to  the  final  triumph  of  tho 
Chenot  process;  for,  asks  Grateau,  4t  in  prosenco  of  all  tho  facts  which 
wo  have  exhibited,  why  'not  acknowledge  that  tho  method  of  fabri- 
cating cast-steel  by  means  of  iron  sponge  recommends  itself,  not  only 
by  its  ingenious  principle,  but  also  by  its  having  attained  a  degree  of 
perfection  which  secures  for  it  an  industrial  vitality  ?  [The  French 
word,  which  I  havo  translated  vitality,  is  •  viabiliteV  Tho  exact 
meaning  would  be  rendered  by  tho  word  4  liveableness,'  or  capability 
of  living.]  Kesting  upon  serious  and  exact  studies,  pursued  with 
indefatigable  perseverance,  tho  Chenot  process  has  victoriously  tra- 
versed all  tho  critical  phases  of  its  elaboration ;  it  has  resisted  attacks 
directed  against  it  by  those  who  were  interested  in  obstructing  its 
dehut,  or  who  did  not  completely  understand  the  fundamental  prin- 
ciples which  form  its  base.  Is  that  saying  that  it  has  reached  perfec- 
tion ?  No,  assuredly ;  and,  after  having  developed  what  is  remarkable 
in  it,  it  is  just  to  exhibit  its  weak  sides."1 

The  truly  defective  part  is  admitted  to  be  the  fusion,  the  expense  of 
which  is  very  great.  In  spite  of  compression,  tho  prepared  sponge, 
weight  for  weight,  occupies  a  larger  volume  than  blister-steel  melted 
in  the  usual  way  ;  so  that,  for  crucibles  of  the  same  size,  the  charge  is 
less  in  the  case  of  the  former  than  in  that  of  tho  latter.  But  the 
temperature  required  in  both  cases  is  the  same,  to  produce  which 
tho  same  amount  of  fuel  must  be  consumed.  Grateau  in  his  concluding 
remarks  informs  us  that  Bessemer's  process  has  with  good  reason  been 
abandoned,  an  announcement  which  would  be  startling  if  it  were  true. 
It  is  to  be  hoped  that  this  somewhat  grandiloquent  prophet  will  be  more 
accurate  in  his  predictions  concerning  Chenot,  than  in  his  declaration 
concerning  Bessemer. 


9  Op.  eit.  p.  58.  1  Op.  eft.  p.  51). 


Digitized  by  Google 


768   CARBURIZATIOX  OF  BAR-IRON  —  CONVERTING  FURNACE. 

Carbubization  of  Bab-iron. 

This  is  an  old  process,  but  little  is  known  of  its  history.  According 
to  Beckmann  there  is  no  allusion  to  it  in  the  writings  of  the  ancients.' 
It  was  well  described  by  Reaumur  in  1722,  in  his  admirable  treatise  on 
the  Art  of  converting  Bar-iron  into  Steel.*  He  made  an  extensive  series 
of  experiments  on  the  subject,  of  which  the  records  are  worthy  of  being 
perused  even  at  the  present  day.  His  work  is  illustrated  with  engrav- 
ings, in  which  cementation,  or,  as  they  are  termed  in  this  country,  con- 
verting furnaces,  are  represented  similar  in  all  essential  respects  to  those 
which  have  so  long  been  in  operation  at  Sheffield,  where,  until  recently, 
steel  has  almost  exclusively  been  made  by  the  process  in  question. 
Adventurous  steel-making  quacks,  both  native  and  foreign,  with  secret 
nostrums,  abounded  to  such  an  extent  in  the  days  of  Keaumur  as  to 
have  rendered  themselves  a  nuisance  by  their  obtrusive  impertinence. 
14  The  Court,"  he  writes,  "  has  been  oppressed  {accai\ee)y  especially 
during  the  last  three  or  four  years,  by  Frenchmen  and  foreigners  of  all 
countries,  who,  in  the  hope  of  making  their  fortunes,  have  presented 
themselves  as  having  the  true  secret  of  converting  iron  into  steel. 
But  no  fruit  of  their  labours  has  been  seen,  and  from  the  favours 
(des  grdcts^  which  have  been  accorded  to  several,  those,  who  promised 
to  change  the  irons  of  the  kingdom  into  excellent  steels,  have  almost 
been  regarded  as  the  searchers  after  the  philosopher's  stone.''4 

Converting  furnace.*—  For  the  drawings,  from  which  the  accompany- 
ing engravings  have  been  executed,  I  am  indebted  to  my  friend 
Mr.  E.  F.  Sanderson,  of  Sheffield,  who  has  at  all  times  shown  the  utmost 
willingness  to  assist  mo  in  my  enquiries  concerning  steel,  aud  from 
whom  I  have  received  much  valuable  information  on  the  subject.  The 
construction  of  the  furnace  is  extremely  simple,  and  will  immediately 
be  understood  from  the  engravings.  It  consists  essentially  of  an 
oblong  rectangular  case  called  chest  or  pot,  of  fire-brick,  open  at  the 
top,  and  enclosed  within  an  arched  fire-brick  chamber,  with  arched 
openings  at  each  end,  through  which  a  man  can  enter.  Underneath  is  a 
fire  place,  from  which,  both  at  the  sides  and  ends,  proceed  a  series  of 
vertical  flues  surrounding  the  exterior  of  the  case,  and  opening  into 
tho  arched  space  above.  On  each  side  of  this  space  is  a  row  of  short 
chimneys,  communicating  with  it  at  the  spring  of  the  arch.  By  this 
arrangement  the  chest  may  be  uniformly  heated  to  a  pretty  high 
temperature.  Tho  whole  is  contained  within  a  hollow  cone  of  brick- 
work, open  at  tho  top,  just  like  an  ordinary  glass  furnace.  In  practice 
two  of  these  chests  are  built  side  by  side,  sufficient  space  being  left 
for  flues  between  the  adjacent  walls.  The  same  letters  in  the  different 
figures  indicate  similar  parts.  ay  a.  Converting  chests.  6,  b.  Fire- 
place,   c,  c.  Ash-pit.    dy  d.  Arched  roof,       e,  etc.  Flues. 


*  A  History  of  Inventions  nnd  Disco-  *  An  admirable  model  of  a  eonvrrtinc 
veries.    2nd  ed.  1814.  4.  p.  241.  furnace  may  be  seen  in  tho  Museum  of 

3  L'Art  de  Onvertir  le  For  forpe  en  Practice  1  Geology.  It  was  preaental  by 
Aeirr  et  l'Art  d  Adoucir  le  Fer  fondu.  i  Messrs.  Naylor,  Vickere,  &  Co..  and  pn- 
rnris,  4to.    1722.  viously  appeared  in  the  International  Kx- 

«  Op.cit.  p.  6.  hibitionof  1851. 
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Tho  iron  to  be  converted  is  in  the  form  of  straight  flat  bars,  gener- 
ally about  3  in.  broad  and  |  in.  thick.  In  order  to  allow  for  expansion 
by  heat,  they  must  be  somewhat  shorter  than  the  internal  length  of 
the  chest.  Charcoal,  ground  so  as  to  pass  through  a  riddle  of  from 
i  in.  to  |  in.  mesh,  is  spread  evenly  over  the  bottom  of  each  chest, 
and  upon  this  }>ed  of  charcoal  a  layer  of  bars  is  placed  longitu- 
dinally, flat-side  downwards,  and  nearly  touching  each  other;  or, 
in  order  to  allow  for  expansion  by  heat,  tho  last  bar  in  each  course 
should  not  exactly  fit.    When  the  bars  are  too  short  to  extend  from 


Fig.  208.  Converting  Furnace.   Longitudinal  Section. 


one  end  to  the  other  of  tho  chest,  the  corresponding  empty  spaces  are 
filled  with  short  lengths  of  bars.  This  layer  of  bars  is  covered  with  a 
layer  of  charcoal  about  J  in.  thick ;  then  a  second  course  of  bars  is 
laid,  and  so  in  succession,  bars  and  charcoal  in  alternation,  until  the 
chests  are  filled,  a  thicker  layer  of  charcoal  being  placed  at  the  top ;  and 
this  is  plastered  over  with  what  is  called  M  wheelswarf."  It  consists  of 
finely  divided  silica,  mixed  with  particles  of  steel,  and  is  the  substance 
produced  by  the  wear  of  the  siliceous  grindstones,  used  in  grinding 
articles  of  steel  in  the  process  of  manufacture.    By  the  action  of  heat, 
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it  forms  a  compact  covering,  impervious  to  air,  the  particles  of  steel 
becoming  converted  into  oxide  of  iron,  which  solders  the  particles  of 
silica  moro  or  less  firmly  together.  Clay,  however,  may  be  substituted 
for  wheels warf.  The  chests  being  duly  charged,  and  everywhere  made 
as  impervious  to  air  as  possible,  the  entrances  aro  closely  stopped  up 


Fig.  209. 


Converting  Furnace.    Basement  J'uin. 


Fig.  210.    Converting  Funi  ice.    Horizontal  Section.    A.  Through  the  flue*  under  the  converting 
chest.    R  Through  the  converting  chest,  showing  the  surrounding  vertical  flues. 
A*  tills  woodcut  Is  here  placed  the  black  line*  are  incorrect ;  but  when  held  with  the  short  side 
downward*  they  are  correct,  nud  it  Is  intended  to  be  looked  at  in  Ibis  position  with  reference  to 
fig.  211. 
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with  bricks,  and  fire  is  made  in  the  grates.  The  temperature  should 
1)0  evenly  kept  at  glowing  redness  during  periods  of  time  which  vary 
according  to  the  degree  of  carburization  desired.  Steel  for  melting 
purposes  requires  from  0  to  10  days,  for  shearing  8  days,  and  for 
spring  temper  7  days.  Trial  bars  are  previously  inserted,  with  their 
ends  protruding,  so  that  they  may  be  drawn  out  from  time  to  time 
during  the  course  of  the  operation  through  small  apertures  left  pur- 
posely at  the  ends  of  the  chest,  and  by  the  inspection  of  the  fracture 
produced  when  cold,  a  judgment  is  formed  as  to  the  degree  of  Con- 


Fig.  211.  Converting  Furnace.  Klcvation.  Transverse  Section. 

version.  Care  is  taken  to  plug  these  holes  with  clay  bo  that  no  air 
may  enter.  When  the  proper  degree  of  conversion  has  been  attained, 
the  fire  is  withdrawn,  and  the  furnace  left  to  itself  to  cool,  which 
generally  requires  several  days,  during  which  a  further  degree  of  car- 
burization ocelli's.  In  three  or  four  days  after  the  removal  of  the  fire, 
the  cooling  may  be  expedited  by  opening  the  man  holes,  etc.  As  soon 
as  a  man  can  enter,  the  bars  aro  taken  out,  broken  across,  and  duly 
assorted  according  to  the  temper  indicated  by  the  appearance  of  their 
fractured  surfaces. 

The  charge  of  a  furnace  of  the  dimensions  usually  preferred  is  from 

3  d  2 
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1 6  to  1 8  tons  of  bars.  If  the  chests  arc  too  large,  an  equable  temperature 
cannot  be  maintained  throughout ;  and,  consequently,  the  bars,  especi- 
ally towards  the  centre,  will  be  carburized  in  a  less  degree  than  the  rest. 

In  charging  again,  a  portion  of  fresh  charcoal  is  always  mixed  with 
the  residual  charcoal  of  the  last  "heat."  In  14 drawing  a  heat/'  the 
charcoal  is  found  to  bo  partly  in  the  state  of  soot-like  dust,  and  partly 
in  its  original  form.  The  old  charcoal  is  sifted  to  free  it  from  dnst. 
and  then  carefully  washed.  Thus  prepared,  and  when  dry,  it  is  mixed 
intimately,  measure  by  measure,  with  an  equal  bulk  of  fresh  charcoal. 
This  mixture  has  been  found  by  experience  to  effect  a  more  thorough 
and  satisfactory  conversion  than  fresh  charcoal  alone.  The  men  say 
that  fresh  charcoal  acts  44  too  finely  "  on  the  iron  ;  and  when  they  are 
obliged  to  use  it,  the  period  of  conversion  is  prolonged,  as  it  is  neces- 
sary to  keep  the  furnace  at  a  lower  temperature  than  when  the  mixture 
abovementioned  is  employed. 

Good  white-ash  coal  is  required  in  this  process,  which  should  not 
clinker,  as  in  that  case  it  would  bo  impossible  to  secure  uniformity  of 
temperature.   The  stoking  requires  to  be  performed  with  much  care. 

The  bars  before  and  after  conversion  differ  widely,  not  only  in  com- 
position,  but  also  in  external  characters.  After  conversion,  their 
surfaces  present  blister-like  protuberances,  which  vary  much,  both  in 
number  and  dimensions.  Some  are  not  larger  than  peas,  while  others 
may  exceed  even  1  inch  in  diameter.  They  are  hollow,  exactly  like 
blisters  ;  and  the  lwrs  are  accordingly  designated  44  blister-steel." 
Before  conversion  the  bars  were  exceedingly  tough,  and  the  fracture, 
produced  after  nicking  all  round  in  the  usual  manner,  was  brijrht, 
crystalline,  and  of  the  characteristic  bluish  tinge  of  iron.  After  con- 
version they  are  brittle,  and  ma}'  be  easily  broken  across ;  and  the 
fracture  is  comparatively  dull,  shows  more  or  less  lamination,  is  still 
crystalline-granular,  and,  to  my  eve,  has  a  slightly  yellowish  tinge. 
Hut  these  characteristic  appearances  can  only  be  properly  appreciated 
by  actual  inspection  of  unconverted  and  converted  burs  side  by  side. 

With  regard  to  the  cause  of  the  blisters,  much  diversity  of  opinion 
has  been  entertained.  They  appear  to  be  due  to  internal  local  irregu- 
larities and  gaseous  expansion  from  within,  while  the  iron  was  in  a 
soft  state  from  exposure  to  a  high  temperature.  There  is  no  doubt  that 
all  forged  bars,  for  reasons  previously  assigned,  contain  more  or  less 
interposed  basic  silicate  of  iron  irregularly  diffused  throughout  Now, 
what  should  be  the  effect  of  the  contact  of  steel  at  a  high  temperature 
with  particles  of  this  silicate?  Most  probably,  the  reduction  of  part 
of  the  protoxide  of  iron,  with  the  evolution  of  carbonic  oxide ;  and,  if 
this  be  so,  then,  it  seems  to  me,  the  formation  of  the  blisters  niay 
be  satisfactorily  accounted  for.  Admitting  this  explanation  to  he 
correct,  a  bar,  which  has  been  made  from  molten  malleable  iron,  should 
not  blister  during  cementation ;  and,  should  this  prove  to  be  the  case, 
it  would  not  be  difficult  to  prepare  such  a  bar  with  particles  of  cinder 
imbedded,  and,  by  subsequently  exposing  it  in  a  converting  furnace, 
ascertain  positively  whether  blisters  would  occur  only  in  places  cor- 
responding to  the  cinder. 
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But  another  cause  has  been  assigned  for  the  blisters  by  the  late 
Mr.  T.  H.  Henry."  A  bar  of  iron,  previously  to  conversion,  was  found 
by  him  to  contain  0*577  70  of  sulphur — a  very  large  amount — and  after 
conversion  only  0017  %»  80  tnat  y7%  escaped  during  the  process. 
Mr.  Henry  writes : — "I  have  no  doubt  that  it  was  eliminated  in  the 
form  of  bisulphide  of  carbon,  which  is  always  formed  when  carbon  and 
sulphur  are  brought  in  contact  at  a  red  heat ;  and  a  common  method 
of  its  production  used  to  bo  by  heating  iron-pyrites  and  charcoal  to 
redness  in  close  vessels.  This  substance  is  a  highly  volatilo  one ;  and 
its  escape,  in  the  form  of  vapour,  will  fully  account  for  the  blisters 
found  in  the  steel.  This  curious  fact  opens  up  many  points  of  interest, 
and  throws,  I  think,  considerable  light  on  subjects  which  have  hitherto 
been  considered  most  obscure.  It  also  shows  how  a  quality  of  iron, 
containing  a  comparatively  large  amount  of  sulphur,  may  produce 
excellent  steel  when  converted  in  this  manner"  Now,  with  reference 
to  the  illustration  drawn  from  iron  pyrites,  it  should  be  remembered, 
that  this  sulphide,  heated  to  redness  se,  evolves  sulphur,  but  there 
can  be  no  such  evolution  in  the  case  in  question.  The  blisters  must 
be  duo  to  the  presence  of  something  or  other  irregularly  distributed 
through  the  iron ;  and  Mr.  Henry's  hv]K>thesis  involves  the  assumption 
that  this  matter  contained  a  comparatively  largo  proportion  of  sulphur, 
which  is  not  probable.  The  hypothesis  of  Mr.  Henry  might  speedily 
be  tested  by  experiment  (vid.  p.  o4). 

Carburization  by  Gaseous  CWpounds  op  Carbon. 

In  1825  a  patent  was  granted  to  Charles  Macintosh,  for  converting 
malleable  iron  into  steel  by  the  action,  at  a  white  heat,  of  carburetted 
hydrogen,  or  gases  charged  with  carbon.7  I  have  already  considered 
the  principle  of  this  method  of  cementation.  The  conversion,  it  is 
stated,  was  completed  in  a  few  hours ;  yet  tho  process  did  not  answer 
on  the  large  scale,  as  M  it  was  found  impossible  to  keep  the  chambers 
in  which  the  bars  of  iron  were  suspended,  air-tight,  at  the  very  high 
temperature  to  which  it  was  necessary  to  raise  them.""  In  1S24 
Professor  Bisraara,  of  Cremona,  had  made  steel  in  a  similar  manner.' 

Carburization  by  Fusing  Compact  Iron  with  Carbonaceous  Matter. 

The  expression  compact  iron  is  in  contradistinction  to  pulverulent 
iron,  which  is  employed  in  Chenot's  process.  Of  all  the  methods  of  mak- 
ing steel,  this  is,  probably,  the  most  ancient;  for  it  is  that  which  has 
been  long  practised  by  the  Hindoos,  with  whom  it  may  have  originated. 

Hindoo  procvus. —  It  was  accurately  described  as  follows,  in  1807,  by 
Dr.  Buchanan,  the  best  writer  on  the  subject  of  Indian  arts  and  manu- 
factures.10   A  wedge  o^iron,  forming  about  a  third  part  of  one  of  the 

•  Letter  to  Mr.  E.  P.  Sanderson,  April  ]  'Teehnolog.  Encyklop.  Preehtl.  15.p.C8. 
2a,  1855.  »  ^  Journey  from  Madras  through  the 

7  A.D.   1825,   May   14.     No.   5173.  countries  of  Mysore,  Canara,  nml  Malabar. 

Abridgments,  p.  :50.  By  Francis  Buchanan,  M.D.  London, 

*  Mushet,  Papers  on  Iron  ami  Steel,  1807,  2.  p.  20.  The  process  was  witnessed 
P-  671.  on  his  journey  from  Sim  to  Scringapatom. 
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little  lumps  produced  in  an  ordinary  Hindoo  iron  furnace,  is  put 
iuto  u  conical  unbaked  clay  crucible,  of  about  the  capacity  of  a 
pint,  with  the  addition  of  3  rupees'  weight  (531  grains)  of  the  stem 
of  Cassia  auriculata,  and  two  large  smooth  green  leaves  of  a  species 
of  Convolvulus  or  JjK>mo?a.  The  crucible  thus  charged  is  closed  at  the 
mouth  with  a  cap  of  unbaked  clay  well  luted  on,  and  then  well  dried 
near  a  tire.  The  furnace  used  is  a  little  circular  pit  in  the  ground, 
somewhat  dilated  at  the  top.  An  earthen  pipe,  connected  with  two 
bellows,  each  consisting  of  a  bullock's  hide,  and  which  are  worked 
alternately,  enters  tho  fire-plaoo  at  the  bottom.  A  row  of  crucibles 
is  first  laid  round  the  sloping  mouth  of  the  fire-place ;  then  within 
these  another  row  is  placed ;  and  the  centre  of  the  arch  thus  funned 
is  occupied  by  a  single  crucible,  making  in  all  fifteen.  The  crucible 
in  tho  outer  row,  opposite  the  nozzle  of  the  bellows,  is  then  taken 
out,  and  in  its  stead  an  empty  crucible  is  placed  horizontally,  with 
its  mouth  directed  inwards.  This  crucible  can  be  readily  drawn  out 
and  replaced,  and  the  opening  which  it  closes  constitutes  the  fire- 
hole  through  which  fuel  is  introduced.  The  fuel  is  charcoal,  with 
which  the  fire-place  is  filled,  and  the  arch  of  crucibles,  charged  as 
stated  above,  is  covered  over.  Tho  bellows  are  then  plied  during 
4  hours,  when  the  operation  is  completed.  A  new  arch  of  crucibles  is 
constructed,  and  the  process  goes  on  night  and  day;  five  6ets,  of  14 
crucibles  each,  being  every  d;ry  worked  off.  On  breaking  open  the 
crucibles  the  .steel  is  found  melted  into  tho  well  known  conical  cakes 
of  wootz,  which  usually  present  a  radiated  wrinkling  on  their  upper 
or  flat  surface,  considered  by  Buchanan  to  indicate  a  tendency  to 
crystallization.  Tho  cakes  are  surrounded  by  some  vitrified  matter. 
The  steel  in  each  crucible  is  reckoned  by  the  workmen  to  weigh  if  seer 
(this  seer  =  24  rupees),  t.  e.  somewhat  more  than  2$  lbs. ;  but  the  cakes 
which  Buchanan  tried  weighed  very  little  more  than  1  seer  each.  In 
some  crucibles  the  fusion  is  not  complete ;  in  which  case  the  steel  is 
very  inferior,  and  di tiers  but  little  from  common  iron.  The  quantity 
of  steel  annually  made  in  the  district  was  about  152  cwts.,  of  the  value 
of  about  2/.  per  cwt. 

Mr.  .Josiah  Marshall  Heath,  to  whom  I  shall  hereafter  have  occasion 
prominently  to  allude,  published  a  short  account  of  the  method  of 
making  wootz,  which  agrees  substantially  with  that  of  Buchanan,  but 
differs  slightly  in  minor  details,  as  will  be  perceived  by  the  following 
extracts  from  Heath's  description.'  The  bars  of  iron  produced  by  the 
Hindoos  are  cut  into  small  pieces,  to  pack  closely  in  the  crucible.  A 
number  of  these  pieces,  weighing  from  about  £  lb.  to  2  lis.,  as 
tho  mass  of  steel  is  required  to  be  of  greater  or  less  weight,  is  then 
put  into  a  crucible  alone,  with  a  tenth  part,  by  weight,  of  dried  weud 
chopped  small,  and  the  iron  and  wood  are  covered  over  with  one  or 
two  green  leaves;  after  which  the  mouth  of  the  crucible  is  filled  up 


1  Appendix  to  the  Report  on  the  Go-  I  Extracted  from  the  Minims  Journal 
vernment  Cuntml  Museum,  Mndms.    Bv    Literature  and  Science,  2.  p.  184. 
Kdwanl  Balfour,  K*|.    Mmlnw,  ls.V,.  p.  1. 
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by  a  handful  of  tempered  clay,  rammed  in  close  bo  as  to  exclude  tho 
air  perfectly.  The  wood,  which  is  always  selected  to  furnish  carbon 
to  the  iron,  is  that  of  Cassia  auriculata,  and  tho  leaf  used  to  cover  the 
iron  and  wood  is  that  of  Asclejjias  gigantea,  or,  where  that  is  not  to  be 
had,  of  Convolvulus  laurifolius.  As  soon  as  the  clay  used  to  stop  the 
moutlis  of  tho  crucibles  is  dry,  they  aro  built  up  precisely  as  described 
by  Buchanan  ;  but  Heath  states  that  tho  blast  is  only  kept  up  during  2$ 
hours  instead  of  4,  and  that  the  furnace  contains  from  20  to  24  crucibles 
instead  of  14.  When  the  fusion  has  been  perfect,  the  top  of  the  cake 
is  covered  with  strioo,  radiating  from  the  centre,  without  any  holes  or 
rough  projections  on  it ;  but  when  the  fusion  has  been  imperfect,  the 
surface  of  the  cake  has  a  honeycombed  appearance,  and  often  contains 
projecting  lumps  of  iron  still  in  the  malleable  state. 

The  cakes  of  steel  aro  prepared  for  being  drawn  into  bars,  by  expos- 
ing them  during  several  hours  in  a  charcoal  fire  to  a  temperature  just 
below  their  melting  point.  The  fire  is  urged  by  bellows,  and  the  blast 
is  made  to  play  upon  the  cakes  while  turned  over  before  it.  Hence  it 
was  inferred  by  Heath  that  in  order  to  ensure  tho  fusion  of  the  con- 
tents of  tho  crucible  it  was  found  necessary  to  employ  a  larger  dose  of 
carbon  than  sufficed  to  form  tho  hardest  steel,  and  that  the  excess  was 
subsequently  removed  in  tho  manner  just  described. 

Dr.  Pearson  communicated,  in  1795,  an  elaborate  and,  for  the  period, 
excellent  paper  on  wootz,  to  tho  Itoyal  Society."  He  clearly  esta- 
blished that  it  was  only  a  particular  variety  of  steel ;  but  erroneously 
concluded  that  it  was  made  directly  from  the  ore.  Mr.  Stodart 
forged  a  piece  of  wootz  for  a  penknife,  at  the  44  temperature  of 
ignition  in  the  dark.  It  received  the  requisite  tomper  at  450°  F. 
The  edge  was  as  fine  and  cut  as  well  as  the  best  steel  knife."  Wootz 
can  only  I)©  forged  at  a  low  red  heat,  and  even  then  not  without 
much  care ;  at  a  higher  temperature  it  cracks  or  cnimbles  to  pieces 
under  the  hammer.  It  is  capable  of  acquiring  great  hardness.  Jt  was 
stated  by  Dr.  Scott  of  Bombiy,  who  communicated  the  specimens  ex- 
amined by  Dr.  Pearson,  that  wootz  cannot  bo  welded  either  with  iron 
or  steel. 

The  following  analyses  of  wootz,  before  referred  to,  were  made  by 
the  late  Mr.  T.  II.  Henry.  The  specimen  operated  upon  came  from  the 
India  House,  and  was  in  the  hhape  of  a  bar  4  in.  long  and  1  in.  square, 
weighing  47»>0  grains. 
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The  specific  gravity  of  this  wootz  was  7-727  at  62'  F.  Dr.  Tearsou 
published  the  following  observations  on  the  specific  gravity  of  wootz. 

1.  Wootz    7  IS] 

2.  Another  spociiuen  of  wootz    7 '403 

3.  Tho  same,  forged....  ••••••••••••• •••••••••••••••••••••••••«••  7-G47 

4.  Another  specimen,  forged   7*503 

5.  Wootz  which  had  been  melted   7  200 

0.  Wootz  whieh  had  been  quenched  while  white  hot...   7*  166 

Musket's  steel  Hmnogeneous  metal. — A  patent  was  granted  in  1800  to 
David  Mushet  for  a  process  of  manufacturing  cast-steel,  etc.,  to  which 
I  have  before  referred."  The  process  consists  in  fusing  malleable  iron 
in  the  form  of  bar  or  scrap,  or  iron-ore,  when  sufficiently  rich  and 
pure,  in  crucibles  with  a  proper  percentage  of  carbonaceous  matter. 
By  varying  the  proportion  of  carbon,  different  qualities  of  steel  may 
be  made,  smaller  proportions  producing  softer  steel.  It  is  stated 
in  the  spec  ification  that  <4  steel  produced  with  any  propoition  of 
charcoal  not  exceeding  T£?,  will  generally  bo  found  to  possess  every 
property  necessary  to  its  being  cast  into  those  shapes  which  re- 
quire great  elasticity,  strength,  and  solidity  ;  it  will  also  be  fooml 
generally  capable  of  sustaining  a  white  heat,  and  of  being  welded 
like  malleable  iron ;  and,  indeed,  as  the  proportion  of  charcoal  or 
other  oarbonaoeoua  matter  is  reduced,  the  qualities  of  the  steel  will 
l>o  found  to  approach  nearer  to  those  of  common  malleable  iron." 
Mr.  Mushet,  it  is  reported,  disposed  of  this  patent  to  a  firm  in 
Sheffield  for  the  sum  of  3000/.  In  his  well-known  treatise,  the 
properties  of  tho  metal  thus  produced  are  accurately  described  as 
follows:4 — M  When  iron  is  presented  in  fusion  to  or  ^  of  its 
weight  of  charcoal,  tho  resulting  product  occupies  a  kind  of  middle 
state  betwixt  malleable  iron  and  steel.  It  then  welds  with  facility, 
and  [with  proper  precautions]  may  be  joined  to  iron  or  steel,  at  a 
very  high  welding  heat.  Thus  combined  with  carbon,  it  is  still 
susceptible  of  hardening  a  little,  but  without  any  great  alteration  in 
the  fracture.  It  possesses  an  uncommon  degree  of  strength  and 
tenacity  [and  is]  capable  of  an  exquisite  degree  of  polish,  arising  from 
its  complete  solidity  and  the  purity  of  fracture  conveyed  to  it  by  fusion. 
When  tho  doso  of  carbon  is  further  diminished,  and  in  the  ratio  of  this 
diminution,  the  same  steel  or  iron  becomes  more  and  more  red-short, 
and  less  capable  of  cohesion  under  a  welding  heat,  so  that,  when  the 
proportion  is  reduced  to  r»ff  part  of  the  weight  of  the  iron,  the  quality 
resulting  is  nearly  analogous  to  tho  fusion  of  iron  jxr  at,  or  that  ob- 
tained by  tho  fusion  of  iron  and  earths." 

In  1839  a  patent  was  granted  to  William  Tickers  for  the  direct  pro- 
duction of  cast  steel  by  melting  100  lbs.  of  borings  of  iron,  or  wrought- 
iron  scrap,  with  3  lbs.  of  black  oxide  of  manganese  and  3  lbs.  of  best 
ground  charcoal.    Tho  use  of  cast  iron  scrap  is  also  claimed,  and  the 


3  Manufacture  of  Cast-Steel,  and  an  im- 
proved Coking  Furnace.  A.D.  1800, 
Nov.  Kl.    No.  2447. 


*  Papers  on  Iron  and  Steel,  1840,  y. 

525. 
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proportions  specified  are  28  lbs.  of  the  scrap,  2  lbs.  3  oz.  of  the  oxide  of 
manganese,  and  3  lbs.  of  charcoal.* 

Of  late  a  variety  of  iron  termed  44  homogeneous  metal  "  has  attracted 
attention.  Numerous  illustrations  of  this  metal  wero  shown  at  the 
International  Exhibition,  1802,  by  Messrs.  Shortridge,  Howell,  &  Co., 
of  Sheffield.  The  thin  drawn  tubes  were  particularly  interesting, 
portions  of  which  had  been  flattened  and  crumpled  up,  while  cold, 
with  apparently  as  much  ease  as  caoutchouc,  for  which  they  might  at 
first  sight  be  readily  mistaken,  as,  indeed,  they  have  been.  The 
metal  possesses  remarkable  tenacity,  and  is,  as  its  name  implies, 
homogeneous.  This  latter  quality  is  the  result  of  fusion.  A  speci- 
men of  44  homogeneous  metal,"  used  in  the  manufacture  of  an  armour- 
plate,  contained,  as  we  have  seen,  0*23  °/0  of  carbon.  The  relation 
between  the  iron  and  carbon  {i.e.  exclusive  of  0*334  °/0  of  other  matters, 
viz.  silicon,  sulphur,  phosphorus,  and  manganese)  is  99*206  :  0*230, 
or  about  of  carbon.  This  is  less  than  the  smallest  proportion  of 
carbon  specified  by  Mushet ;  but  it  must  be  remembered  that  the 
proportions  which  he  did  specify  were  those  directed  to  bo  employed 
in  the  process  of  manufacture,  and  not  those  which  had  been  found 
to  exist  in  the  steel  when  made.  It  is,  moreover,  certain  that  some  of 
the  carbon  added  must  be  burned  by  the  air  in  the  crucible ;  and  it  is 
further  almost  certain  that  what  remains  is  not  wholly  taken  up  by  the 
iron,  llowever,  the  homogeneous  metal  is  evidently  a  variety  of  cast- 
steel,  containing  a  small  proportion  of  carbon,  and  is  intermediate  in 
that  as  well  as  other  respects  between  malleable  iron  and  cast-steel. 
It  has  precisely  the  characters  which  Mushet  ascribed  to  the  metal 
manufactured  by  his  process. 

The  expression  44  homogeneous  metal "  first  occrirs,  if  I  .nistake  not, 
in  the  specification  of  a  patent  granted  to  Joseph  Bennett  Howell, 
of  Sheffield,  in  185G.a  The  descriptive  part  of  the  specification,  which 
is  very  short,  I  present  in  exteiuso.  4*  The  novelty  of  my  invention 
consists  in  using  what  is  commonly  known  as  the  scale  which  falls  otf 
steel  or  iron  during  the  process  of  hammering  or  rolling,  in  addition 
to  the  ingredients  in  common  use  for  making  cast-steel.  I  do  not 
confine  myself  to  the  use  of  any  given  quantity  of  the  said  scale,  as 
that  must  be  determined  by  the  particular  temper  of  steel  required  for 
any  special  purpose.  The  object  of  this  invention  is  to  make  a 
superior  quality  of  cast-steel  or  homogeneous  metal  from  the  commoner 
kinds  of  iron."  Anything  more  meagre  and  unsatisfactory  in  the  way 
of  directions  for  manufacture,  I  have  never  found  in  any  specification  ; 
and  I  assert  confidently  that  these  directions  are  quite  insufficient  to 
enable  a  workman,  oven  of  skill,  to  practise  Howell's  process, — if 
process  it  deserves  to  be  callod.  Moreover,  the  word  temper  is  used 
in  an  ambiguous  senso  ;  as  it  might  mean  the  special  hardness  of 
steel  induced  by  the  particular  process  or  processes  of  tempering.  I 


5  A  D.  1839,  June  25.    No.  8129. 
■  Improvements  in  the  Manufacture  of  Cast  Steel.  A.D.  1856,  Oct.  9.    No.  2860. 
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presume  that  the  so-called  "  homogeneous  metal  "  is  indicated  in  this 
specification.  Now,  what  is  meant  by  the  expression  "  ingredients 
in  common  use  for  making  cast-steel"  ?  Cast-steel  is  commonly  made 
by  melting  converted  bar-iron,  i.e.  blister-steel,  jyer  se  in  crucibles ; 
but,  surely,  tlio  word  "ingredient"  cannot  apply  to  this  blister-steel. 
If  it  do,  then  one  effect  of  adding  iron  scale  before  or  during  the 
process  of  fusion,  would  be  the  decarburization  of  tho  steel  in  a  greater 
or  less  degree,  according  to  the  proportion  of  iron-scale  employed.  If, 
on  the  other  hand,  tho  patentee  mean  the  addition  of  iron-scale  to 
certain  substances,  such  as  manganese  containing  carbon,  etc.,  more  or 
less  decarburization  will  likewise  take  place,  the  carbon  being  oxidized 
and  converted  into  carl)onic  oxide  at  the  expense  of  the  oxygen  of  the 
iron  scale,  with  the  reduction  of  an  equivalent  proportion  of  iron  in  the 
latter.  But  it  is  vain  to  conjecturo  what  the  patentee  really  does 
intend.  Mr.  Howell  must  know  well  that  if  iron-scale  be  allowed  to 
come  in  direct  contact  with  the  substance  of  cast-steel  pots  at  a  high 
temperature,  they  will  be  inevitably  much  corroded,  if  not  perforated; 
and  that  in  order  to  prevent  this,  special  precautions  would  be  essen- 
tial, such,  for  example,  as  tho  previous  admixture  of  the  iron-scale  with 
carbonaceous  or  other  matter,  whereby  the  reduction  of  the  oxide  of 
iron  composing  the  scale  might  be  effected.  These  precautions  should 
at  least  have  appeared  in  tho  specification,  but  there  is  not  even  an 
allusion  to  them. 

It  is  curious  that  Mushet's  process,  so  far  as  relates  to  tho  use  of 
malleable  iron  in  the  production  of  cast-steel,  should  in  principle,  and 
1  may  add  even  in  practice  too,  be  identical  with  that  by  which  the 
Hindoos  have  from  ancient  times  prepared  their  wootz.  1  cannot  dis- 
cover any  essential  difference  between  the  two,  , 

PRODUCTION  OF  STEEL  BY  THE  PARTIAL  DECARBURIZATION 

OF  CAST-IRON. 

The  conversion  of  cast-iron  into  steel  by  partial  decarburization  may 
be  effected  in  several  ways  ;  and  of  those  are  three  of  chief  importance, 
namely,  fining  in  a  hearth  with  charcoal  as  the  fuel,  puddling  in  the 
rovcrberatory  furnace,  and  the  Bessemer  process.  Tho  first  is  the 
ancient  method,  which  is  still  extensively  practised  on  the  Continent, 
especially  in  Styria;  the  second  is  only  of  recent  date,  but  has,  never- 
theless, made  rapid  progress;  and  the  third  is  tho  most  novel,  and  is 
certainly  destined  to  play  an  important  pait  in  the  world.  If  steel  be 
regarded  simply  as  iron  carburized  in  degrees  intermediate  between 
malleable  and  cast-iron,  then  it  is  obvious  that  the  latter  during  its 
conversion  into  the  former  in  the  processes  of  fining  and  puddling 
must  pass  through  the  state  of  steel.  Accordingly,  it  is  found  that  by 
suitably  regulating  and  arresting  the  decarburizing  action  in  these 
processes  steel  may  be  obtained  instead  of  malleable  iron. 
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Production  of  Steel  by  Fining  in  ITeahths. 

The  hearth  has  essentially  the  same  construction  in  all  respects  as 
those  previously  described  for  making  malleable  iron  from  cast-iron; 
and,  indeed,  in  some  localities  iron  and  steel  are  alternately  produced 
in  the  same  hearth.  However,  the  mode  of  conducting  the  process  is 
not  the  same  in  both  cases;  or,  in  other  words,  steel  is  not  obtained 
simply  by  checking  the  process  of  making  malleable  iron  at  a  given 
stage.  In  the  case  of  steel,  the  blast  is  generally  less  inclined,  and 
the  lump  or  cake  of  metal  is  kept  covered  with  liquid  cinder.  This 
cinder  plays  an  important  part  in  tho  operation.  It  is  supplied  by  the 
oxide  formed  in  the  reheating  process,  which  is  usually  conducted  in 
tho  same  hearth  as  is  used  for  making  the  steel,  and  by  tho  addition 
of  hammer-slag,  etc.  The  liquidity  of  the  cinder  must  be  secured  by 
the  addition  of  silica,  if  necessary,  so  that  tho  presence  of  much  free 
oxide  of  iron  may  be  avoided.  Skilful  manipulation  is  required  ;  and 
especially  that  eye -knowledge,  which  oan  only  be  acquired  by  long 
experience.  There  are  only  a  few  special  methods  of  producing  steel 
in  the  charcoal  tinery,  which  have  often  been  described,  but  by  no 
one,  as  far  as  I  am  aware,  so  minutely  as  by  Director  Twiner,  of 
Leoben,  in  Styria.  This  author  admits  the  Styrian,  the  Carinthian, 
the  Tyrolcse,  the  Paul,  and  the  Siegeii  processes  as  distinct  ;  but  I 
doubt  whether  the  classification  in  every  instanco  has  a  really  philo- 
sophical foundation.  Thus,  it  is  stated  that  the  peculiarity  of  the 
Tyroleso  method  consists  in  the  fact  that  iron  and  steel  are  alternately 
produced  in  the  same  hearth,  without  any  alteration  either  in  the 
hearth  itself  or  in  the  direction  of  the  blast.  Again,  the  Carinthian 
and  Paal  methods  very  closely  resemble  each  other.  The  modifica- 
tions, which  may  be  necessary  in  the  conduct  of  any  of  these  methods, 
will  in  great  measure  be  determined  by  tho  nature  of  tho  pig-iron 
operated  upon.  The  steel  is  obtained  in  the  form  of  a  flat  lump,  which 
1  will  henceforth  term  cake,  in  contradistinction  to  ball,  the  term 
applied  to  the  lump  of  malleable  iron.  Besides,  it  is  a  cake  and  not  a 
ball,  properly  so  called.  The  steel  at  first  produced  is  always  de- 
signated raw,  or  crude  steel  ;  and  afterwards  in  the  course  of  manu- 
facture it  becomes  refined  steel.  It  is  not  possible  in  the  charcoal 
finery  to  produce  raw-steel  of  uniform  quality  throughout.  Some 
portions  of  the  cake  will  be  considerably  less  decarburized  than  others; 
and  hence,  an  assortment  of  the  steel,  after  more  or  less  forging,  is 
always  made.  However,  no  better  steel  in  the  world  for  special  pur- 
poses lias  been  made  than  in  these  finery  methods.  In  the  following 
descriptions  1  shall  avail  myself  freely  of  the  work  of  Tunner,  con- 
densing and  translating  literally  as  far  as  practicable. 

Sieyen  r<t tested  Jinery  process,  {^ieyener  lioltstahlf  riwharbt  it. )  —  For  the 
following  description  of  this  process,  I  am  indebted  to  my  late  assist- 
ant, Mr.  Hochstatter,  who  has  derived  his  information  chiefly  from 
personal  observation. 

Tho  operation  is  conducted  in  a  finery,  similar  in  construction  to 
charcoal  fineries,  in  which  malleable  iron  is  produced.    The  sides  of 
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the  hearth  are  formed  of  cast-iron  plates  from  1  in.  to  1$  in.  thick 
(Zarken)  ;  the  front  side,  in  which  is  a  tap-hole  lor  the  cinder,  is 
usually  made  of  *4  raw-steel  iron"  ( ftokstahleuen),  obtained  from  the 
same  smelting  charges  as  spiegeleisen),  but  with  fuel  consisting  prin- 
cipally of  coke  instead  of  charcoal.  The  bottom  of  the  hearth  is  con- 
structed of  pieces  of  fine-grained  sandstone,  put  together  as  cloM  as 
possible,  the  joints  being  filled  in  with  powdered  sandstone.  Upon 
the  quality  of  the  sandstone  much  depends :  it  should  neither  be  too 
coarse  in  grain,  nor  have  too  great  a  tendency  to  crack  or  fly.  Parti- 
cularly good  stone  will  last  during  the  production  of  8  or  10  cakes.7 
The  twyer-plate,  which  is  on  the  left  (Formzacken),  inclines  from  123 
to  15°  inwards;  the  opposite  plate  (Gichtzacken)  is  either  vertical  or 
inclines  a  little  outwards,  so  as  to  facilitate  the  drawing  out  of  the 
finished  product  (S,  hrei)  ;  and  the  back  plate  (Hinterzachn)  has,  for  the 
same  reason,  an  inclination  outwards.  The  hearth  is  contained  within 
thrco  brick  walls,  terminating  in  a  short  chimney  above,  the  front  side 
l>oing  open  below,  just  as  is  represented  in  the  engraving,  p.  oi'2;  it 
occupies  only  a  fourth  of  the  space  under  the  chimney.  On  the  front- 
plate  is  placed  horizontally  a  thick  cast-iron  plate  {Heerdfdattt,  Hcrd- 
knehen),  upon  which  are  laid  the  pieces  of  pig-ii  on  intended  for  the 
next  heat.  On  the  side-plate,  facing  the  twyer,  and  the  back-plate, 
are  also  horizontal  cast-iron  plates.  A  wronght-iron  plate  is  suspended 
so  as  partly  to  cover  the  open  space  in  front,  and  screen  the  workmen 
during  the  process.  The  dimensions  of  the  hearth  are  as  under :  length 
\M  in.,  width  •'{">  in.,  depth  at  the  back  and  twyer  sides  7$  in.,  and  at  the 
side  facing  the  twyer  lo  in.  Above  the  twyer-plate  is  what  is  termed 
the  "  twyer  bosh"  (Formbavch),  which  is  made  of  a  mixture  of  loam 
and  cow-dung,  and  in  which  is  the  opening  for  the  twyer.  The  twyer, 
which  is  of  wrought-iron,  is  midway  over  the  twyer-plate,  and  projects 
several  inches  into  the  hearth  ;  its  inclination  (Stechen)  is  varied  ac<wd- 
ing  to  the  nature  of  the  pig-iron  to  be  operated  upon  ;  it  is  in  the  form 
of  the  segment  of  a  circle,  being  1  i  in.  broad  at  the  base,  which  is  flat, 
and  jf  in.  high  at  the  middle  of  the  base.  The  nozzle  of  the  blast-pipe 
lies  l£  in.  backwards  from  that  of  the  twyer,  in  order  to  keep  the  latter 
cool  by  the  blast  of  air  through  it. 

The  finished  product  or  cake  of  the  last  heat  (^chrei)  having  been 
taken  out,  and,  according  to  its  size,  cut  radially  into  7  or  8  pieces, 
these  are  put  on  the  plate  on  the  right  side  of  the  hearth,  except  i-ne, 
which  is  thrown  behind  the  back-plate,  where  also  the  incandescent 
charcoal  from  the  last  heat  has  been  accumulated.  The  bottom  of  the 
hearth  is  first  repaired  with  little  pieces  of  sandstone  and  a  mixture  of 
loam  and  water ;  and  the  tap-hole,  which  is  on  the  same  level,  is 
plugged  at  the  bottom  for  about  £  in.  with  loam,  and  on  this  is  laid  an 
iron  plate  1  ^  in.  thick  ;  after  which  the  upper  and  yet  open  part  of  the 
ta]>-hole  is  stopped  up  with  a  mixture  of  loam,  ashes,  and  hammer- 
slag.  Over  the  bottom  is  now  spread  a  thin  layer  of  hammer-slag, 
which,  in  contact  with  the  sandstone  underneath,  forms  silicate  of 
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protoxide  of  iron  and  produces  an  even  surface,  not  liable  to  crack. 
This  done,  a  layer  about  1  in.  thick  of  burning  charcoal  is  spread  over 
the  bottom,  and  the  blast-pipe  adjusted  in  the  twyer  agreeably  to  the 
nature  of  the  pig-iron  used.  A  steep  inclination  tends  to  the  produc- 
tion of  malleable  iron  (the  working  condition  of  the  furnace  is  then  said 
to  be  Gaargang),  and  a  less  inclination  to  a  contrary  result  (Rohgamj). 
With  grey  pig-iron  (roh.schmelziges)  and  spiegeleisen,  a  steeper  inclina- 
tion is  required  than  with  white  pig-iron  (gaarschmeJziges).  At  present 
(1859)  at  the  Works,  where  the  operation  was  witnessed,  the  pig-iron 
almost  exclusively  treated  was  spiegeleisen  from  the  Stahlberg  spathic 
ores;  and  with  such  pig-iron,  the  twyer  was  inclined  from  10°  to  15°, 
and  the  blast  impinged  upen  the  bottom  of  the  hearth  at  the  distance 
of  from  3  in.  to  4  in.  from  the  opposite  plate. 

On  the  layer  of  ignited  charcoal  covering  the  bottom  of  the  hearth, 
the  first  piece  of  pig-iron  (JJeisse),  varying  from  50  lbs.  to  GO  lbs.  in 
weight  and  previously  heated,  and  which  was  usually  white  pig-iron 
smelted  partly  with  coke  and  partly  with  charcoal  from  a  mixture  of 
spathic  and  brown  iron  ores,  is  placed  perpendicularly  on  edge  at 
the  side  facing  the  twyer.  The  hearth  is  then  £  filled  with  burning 
charcoal,  and  upon  the  top  is  placed  the  first  piece  or  segment  of  the 
cake  of  the  last  operation,  previously  lying  amongst  the  burning  char- 
coal at  the  back,  after  which  the  hearth  is  filled  up  with  fresh  char- 
coal. The  fire  is  allowed  to  burn  for  about  |  of  an  hour  without  the 
blast,  in  order  slowly  to  dry  the  repaired  places.  The  other  six  or 
seven  pieces  of  the  last  cake  are  laid  round  the  hearth  in  order  to 
receive  a  preparatory  reheating.  Ilius  the  processes  of  reheating  and 
fining  take  place  in  the  same  hearth.  The  blast  is  now  let  on.  The 
pig-iron  begins  to  fuse  at  the  lower  part,  and  is  gradually  melted 
down,  forming  a  pasty  mass.  Rich  cinder  (Gaar.srhlacke)  produced  at 
the  end  of  the  heat  preceding  is  thrown  in.  As  soon  as  the  molten 
pig-iron  begins  to  become  pasty,  which  is  ascertained  by  feeling  with 
a  pointed  iron  rod  (Spies*),  «  second  piece  of  white  pig-iron,  weighing 
about  100  lbs.,  is  introduced  in  the  same  way  as  the  first;  and  after- 
wards four  or  five  pieces  of  spiegeleisen,  weighing  also  about  100  lbs. 
each,  are  successively  charged  in  like  manner.  The  weight  of  these 
pieces  is  not  constant,  but  varies  according  to  the  judgment  of  tho 
finer.  If  the  molten  metal  is  found  to  bo  too  far  advanced  (i.  e.  too 
"  gaar  "),  a  larger  piece  of  spiegeleisen  is  added.  When  cinder  has  accu- 
mulated to  a  certain  extent  in  tho  hearth,  it  is  tapped  off.  The  poor 
cinder  is  very  easily  separated  from  the  rich,  as  the  former  more 
quickly  solidifies  than  the  latter.  In  general  the  cinder  is  allowed  to 
rise  2  in.  or  3  in.  over  tho  cake  in  the  hearth  ;  and  when  the  process  is 
going  on  properly,  tho  cinder  which  sticks  to  the  finer's  rod  continues 
for  some  time  white-hot  after  it  is  drawn  out.  The  finer  has  to  take 
care  that,  as  the  ball  increases  in  size,  the  central  portion,  most  ex- 
posed to  the  action  of  the  blast,  does  not  become  over-fined.  With 
every  precaution,  it  is  not  possible  to  obtain  a  cake  of  uniform  quality 
throughout ;  and  whilo  the  outer  portion  of  the  cake  consists  of  the 
right  kind  of  steel,  the  central  portion  approximates  to  wrought-iron. 


782 


SIEC.EN  RAW-STKKL  FIXEKY  PROCESS. 


The  outer  portion  in  hammering  yields  what  is  termed  "precious 
steel"  (EiM.stahi),  and  the  inner  portion  an  inferior  quality  of  stcol 
(MittrfUir) ;  the  latter  will  naturally  increase,  if  the  heat  is  not 
worked  off  in  the  right  time,  and  under  the  most  favourable  condi- 
tions it  amounts  to  about  20  7C,  of  the  ball.  The  fining  of  one  charge 
usually  la.sts  from  7  to  8  hours.  The  degree  of  lining  is  indicated  by 
the  layer  which  adheres  to  the  finer's  rod,  when  the  latter  is  put  into 
the  ball.  This  layer,  called  "white  bird"  (w:\sscs  Yogri),  ought  to  be 
white-hot,  and  not  to  crack  when  struck  with  a  hammer.  Another 
indication  is  furnished  by  the  appearance  of  the  flame,  which,  when 
the  right  degree  of  fining  is  reached,  from  dull  yellowish  becomes 
whiter  and  brighter.  Hut  great  experience  is  needed  to  enable  the 
finer  to  judge  correctly  on  this  point. 

When  the  cake  is  found  to  bo  properly  fined,  the  blast-pipe  is  with- 
drawn, the  charcoal  removed  from  the  hearth  to  the  space  at  the  back 
under  the  chimney,  and  the  cake  is  uncovered  and  pulled  out  by 
means  of  a  pair  of  tongs  and  iron  bars.  The  tongs  with  the  cake  in 
their  grasp  are  conveyed  to  the  anvil  by  a  crane,  and  the  cake  is  there 
cut  radially  under  the  hammer  into  7  or  8  pieces,  a  special  tool 
(St'hroter)  being  used  for  this  purpose.  As  the  central  is  less  steely 
than  the  outer  portion,  it  can  bo  readily  separated  by  thus  cutting  the 
cake  radially  into  segments.  At  one  finery  four  men  are  required, 
who  change  about,  working  two  and  two  at  a  time,  except  when  the 
cake  is  taken  out,  and  then  all  are  engaged.  From  8  to  12  cakes  are 
produced  per  week  of  0  days;  and  from  these  on  an  average  from 
6000  lbs.  to  7()<  >0  lbs.  of  steel  bars,  of  which  from  1C00  lbs.  to  2000  lbs. 
arc  of  the  inferior  quality.  The  hammered  out  pieces  are  divided  into  the 
two  qualities  of  metal  composing  the  cake.  This  is  effected  by  means 
of  a  heavy  hammer  upon  the  anvil,  the  best  quality  breaking  off  short. 
For  1000  lbs.  Prussian  of  steel  (about  1102*3  avoird.)  are  consumed 
from  20  to  22  " tonnon  "  of  charcoal,  i.  r.  from  about  142  to  156  Prus- 
sian cubic  feet,  or  from  about  155  to  170  English  cubic  feet  (1  Prussian 
"ton"=7j  Prussian  cubic  feet,  and  100  Prussian  cubic  feet  =  109184 
English  cubic  feet).  According  to  Karsten  with  very  grey  pig-iron 
the  consumption  of  charcoal  may  amount  to  40  Prussian  cubic  feet  per 
centner  of  steel.  The  loss  upon  the  pig-iron  is  from  20  °/o  to  30  °/c. 
The  raw-steel  contains  0*3%  of  copper,  and  from  0  31%  to  0  37  % 
of  sulphur.  The  richer  the  spiegeleisen  employed  is  in  manganese, 
the  harder  is  the  steel  obtained.  During  the  process  of  fining,  two 
kinds  of  cinder  are  produced,  poor  and  rich,  the  former  at  the  com- 
mencement and  the  latter  towards  the  end.  The  poor  cinder  is  very 
liquid,  and  the  rich  cinder  is  tougher,  and  on  account  of  the  large  pro- 
portion of  oxide  of  iron  which  it  contains,  is  highly  oxidizing.  As 
may  bo  readily  conceived,  it  is  easy  to  regulate  the  fining  process  by 
the  addition  of  one  or  other  of  these  cinders. 

In  the  reheating  process  the  pieces  of  the  cake  are  successively 
heated  to  whiteness  and  turned  several  times,  taken  out  of  the  fire, 
cleaned  poifcctly,  and  then  subjected  to  a  few  blows  under  the  ham- 
mer, when,  if  the  fining  is  right,  they  must  not  crack  at  the  edges. 
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Csnally  each  piece  must  be  reheated  from  4  to  0  times,  before  it  can 
bo  perfectly  hammered  out.  The  finished  hammered  out  pieces  are 
thrown  while  red-hot  into  running  water.  I3y  this  repeated  ham- 
mering the  steel  increases  proportionately  in  solidity  and  density. 
The  hammer-head  weighs  700  lbs.,  and  makes  from  100  to  10G  strokes 
per  minute. 

The  much  greater  inequality  of  the  raw-steel  made  from  grey  pig- 
iron  renders  it  necessary  to  conduct  the  processes  of  reheating  and 
hammering  with  more  care  than  in  the  case  of  raw-steel  from  pure 
spiegeleisen,  which  may  be  easily  hammered  out,  aiid  less  frequently 
presents  unsound  and  laminated  places,  defects  which,  in  raw-steel 
from  grey  pig-iron,  can  only  be  remedied  with  the  loss  of  much  time  in 
the  process  of  hammering,  repeated  reheating  being  necessary.  W  hile 
only  one  hammer  is  required  for  a  finely  working  on  grey  pig-iron, 
two  will  be  necessary  when  good  spiegeleiscn  is  operated  upon. 

At  some  works,  after  the  fining  of  the  third  piece  of  pig-iron,  and 
when  the  fourth  had  been  melted  down,  it  was  the  practice  to  add  old 
malleable  iron,  whereby  the  process  was  naturally  expedited;  and  this 
was  repeated  after  the  melting  down  of  the  fifth  and  sixth  pieces  of 
pig-iron,  so  that  frequently  as  much  as  the  third  part  of  a  cake  by 
weight  was  derived  from  malleable  iron  thus  added.  Special  care  was 
requisite  in  order  to  avoid  great  inequality  in  the  cake.8 

Styrian  raw-sted  process.— According  to  Tunner  this  process  has  the 
closest  resemblance  to  the  Styrian  process  of  making  malleable  iron, 
so  much  so  indeed  that  not  only  would  strangers  detect  no  difference, 
but  even  the  finers  sometimes  unintentionally  produce  a  lump  of  iron 
instead  of  steel,  or  tho  converse  ;  and  not  unfrequently,  at  the  same 
work,  one  finery  is  making  steel,  and  another  similar  one  iron.  Tho 
hearth-bottom  is  of  loam  a  few  inches  thick.  The  hearth  is  23  in. 
long,  20  in.  broad,  and  from  10  in.  to  12  in.  deep  below  tho  twyer.9 
The  twyer-side  inclines  somewhat  inwards,  tho  wind  and  front  side  a 
little  more  outwards,  and  the  side  at  tho  back  also  inclines  outwards, 
but  not  so  much.  Tho  twyer  is  midway  between  tho  front  and  back, 
and  its  axis  is  directed  towards  tho  centre  of  the  hearth,  or  about  1  in. 
nearer  tho  front.  It  inclines  downwards  from  15°  to  17°,  projects 
4^  in.,  and  is  semicircular  at  tho  nozzle,  which  is  18  lines  wide  by 
lt>  lines  high.  There  is  either  one  twyer  with  a  constant  blast,  or  two 
blowing  alternately.  White  crystalline  pig-iron  is  chiefly  treated. 
The  lower  part  of  tho  bed  is  made  of  old  bra.-quc,  and  reaches  to  within 
7  in.  or  {J  in.  from  the  twyer  ;  a  few  shovelfuls  of  pounded  finery 
cinder  are  strewn  over  its  surface ;  the  hearth  is  then  filled  up  to  tho 
twyer  with  sifted  and  slightly- wetted  old  brasque,  and  a  little  cavity 
is  hollowed  out  in  its  surface.  Every  time  after  the  removal  of  a  cake 
{Dachel%  TachtX)  the  hearth  is  thus  prepared  afresh  down  to  the  loam 
bottom,  water  being  thrown  on  to  cool  it  so  as  to  enable  the  workman 


s  Kurotcn,  op.  eit.  4.  p.  4.">0. 
9  Austrian.    I  hnve  not  considered  it 
worth  while  to  reduce  these  measures  into 


English,  ns  the  difference  between  the 
two  eunnot  he  of  any  practical  moment. 
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to  go  in  and  stamp  it  down  with  the  wooden  soles  of  his  shoes.  The 
hearth  is  now  filled  with  fresh  charcoal,  which  is  heaped  up  towards 
the  back ;  the  pieces  of  steel  to  bo  reheated  are  placed  in,  ignited 
charcoal  is  put  in  front  of  the  twyer,  the  blast  is  let  on,  fresh  charcoal 
is  added,  and  over  the  top  a  few  shovelfuls  of  pounded  finery  cinder 
are  strewn.  From  150  lbs.  to  180  lbs.  of  pig-iron  are  required  to  make 
a  cake,  which  is  first  cut  crucially  into  four  pieces,  each  of  which  is 
further  divided  into  three  equal  pieces.  Only  three  of  these  pieces 
are  reheated  at  a  time  in  the  hearth,  the  others  being  kept  hot  in  a 
separate  little  furnace,  or  otherwise.  The  pig  iron  is  in  flat  cakes 
2  in.  or  3  in.  thick;  and  120  lbs.  of  these  are  placed,  with  their  flat 
side  on  the  charcoal,  in  the  hearth,  so  high  that  towards  the  wind- side 
they  lie  over  the  pieces  of  steel  which  are  being  reheated.  It  is  neces- 
sary to  heat  the  pig-iron  veiy  gradually,  as  otherwise  it  is  very  apt  to 
crack  and  fly. 

The  quantity  and  quality  of  the  pounded  cinder  strewn  on  is  a 
matter  of  great  importance,  for  the  reheating  process  as  well  as  for  the 
production  of  tho  necessary  bath  of  cinder,  and  one  about  which  a 
judgment  must  be  formed  according  to  circumstances.  As  a  rule  in 
making  steel,  tho  cinder  should  be  less  rich  and  in  greater  quantity 
than  when  iron  is  made.  At  first  the  blast  is  only  gently  let  on,  so 
that  the  finery  cinder  added  may  not  drop  down  too  quickly  through 
the  charcoal,  but  may  be  well  melted  and  form  a  more  liquid  bath.  As 
soon  as  drops  of  molten  cinder  appear,  which  usually  occurs  in  from 
10  to  15  minutes,  the  blast  is  increased.  In  general,  for  the  produc- 
tion of  steel,  the  blast  must  be  more  gentle  throughout  from  the  com- 
mencement; and  in  this  respect  the  process  of  making  steel  differs 
essentially  from  that  of  making  iron.  Moreover,  as  steel  is  more  fusible 
than  malleable  iron,  its  reheating  must  be  conducted  at  a  much  lower 
temperature  ;  and  as  it  is  more  difficult  to  draw  out  under  the  hammer, 
and  is  forged  into  smaller  bars  than  iron,  it  requires  more  frequent  re- 
heating, and  at  a  lower  temperature.  The  11  welding  bottom "  is 
formed  partly  from  the  oxidation  of  the  pieces  of  the  cake  during  the 
reheating  process,  and  partly  from  the  cinder  expressly  added.  After 
the  reheating  process  has  been  in  operation  about  ±  hour,  the  pig-iron 
is  drawn  a  few  inches  forward  ;  and  in  J  hour  this  is  repeated,  the 
metal  being  allowed  to  sink  deeper.  It  now  begins  to  melt  in  drops. 
When  only  two  of  the  pieces  of  steel  undergoing  reheating  remain  in 
the  fire,  tho  other  cake  of  pig-iron  is  charged  along  with  the  rest  of  the 
metal  to  be  melted  down,  in  all  from  30  lbs.  to  f>0  lbs.,  upon  tho  wind- 
side  on  tho  top  of  the  charcoal,  so  as  to  become  gradually  heated.  The 
cake  of  pig-iron  is  afterwards  held  with  tongs  above  the  twyer ;  and 
after  the  termination  of  the  reheating  process,  which  seldom  exceeds 
2  hours  from  the  commencement,  the  cake,  now  red-hot,  is  held  edge- 
wise towards  the  twver. 

When  all  goes  on  properly,  tho  molten  metal  should,  on  sounding 
with  an  iron  rod,  be  even,  more  or  less  hard  and  slippery,  but  not 
sticky,  and  constantly  covered  with  a  layer,  some  inches  thick,  of  a 
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liquid  cinder.  Too  highly  decarburized,  fine-grained,  white  pig-iron  1 
is  unsuitable  for  this  process  ;  and  one  amongst  other  reasons  alleged 
is,  that  in  consequence  of  the  more  gentle  blast  it  does  not,  when 
molten,  spread  properly  over  tho  bottom.  The  cinder  is  never  tapped 
off  during  the  reheating  stage,  except  when  special  conditions  render 
it  necessary,  such  as  the  bed  being  too  deep,  or  the  formation  of  the 
molten  metal  11  bottom  "  being  retarded.  Very  generally  cinder  is  first 
let  out  at  tho  end  of  the  reheating  stage,  and  once  or  twice  afterwards 
during  the  melting-down  stage.  The  pressure  of  the  blast  must  bo 
regulated  according  to  circumstances ;  but  in  making  steel  it  seldom 
exceeds  that  of  a  column  of  water  of  from  10  in.  to  15  in.  high.  In 
the  regular  course  of  working,  the  pig-iron  should,  previously  to  and 
during  its  melting  down  before  the  blast,  acquire  nearly  the  right 
degree  of  decarburization,  its  conversion  into  steel  being  completed 
under  tho  molten  cinder,  of  which  tho  quality  must  be  such  as  to  pre- 
vent decarburization  beyond  the  proper  amount.  The  molten  metal 
should  never  rise  up  to  tho  twyer,  as  it  would  then  be  too  much  ex- 
posed to  the  blast,  and  consequently  become  too  much  decarburized. 
As  soon  as  the  hearth  is  filled  with  molten  metal  to  within  1  in.  or  2  in. 
below  the  twyer,  the  fining  should  be  quickly  brought  to  a  conclusion. 
The  time  which  elapses  between  the  production  of  one  steel  cake  and 
another  is  3£  or  4  hours.  The  steel  is  forged  into  bars  1  in.  thick, 
and  l£  in.  broad.  They  are  afterwards  hardened,  broken  into  pieces 
from  J  fr.  to  2  ft.  long,  examined  as  to  their  fracture,  and  assorted 
accordingly. 

Hie  products  are  as  under  : — 

1.  Meisselsta/d  (Chisel  steel),  occasionally  termed  Mtinz-  or  JRosen- 
statd  (Roso  steel). — It  is  mostly  in  pieces  from  4  in.  to  L2  in.  long;  tho 
fracture  is  clean  and  conchoidal,  has  a  uniform  dull  grain,  and  usually 
shows  a  rose.  It  is  commonly  packed  in  boxes,  and  is  the  dearest  kind 
of  unfaggoted  Sty  nan  steel. 

2.  Etikktohl  or  Rohstcdd  (Precious  or  Raw  steel).— It  is  in  pieces  from 
\  ft.  to  2  ft.  long ;  tho  fracture  is  clean ;  but  no  attention  is  paid  to 
very  small,  white  veins,  or  somewhat  lighter  spots  in  the  fracture, 
accompanied  with  unsound  places  or  scales  on  the  surface.  It  is  for 
the  most  part  employed  in  making  faggoted  steel. 

3.  Mockstald,  Jhlbstald  (Half-steel),  or  Rtickenzeug. — It  is  difficult  to 
break.  It  contains  intermixed  iron,  which  appears  on  tho  fractured 
surface  as  well-defined  veins,  or  as  coarse,  light,  very  bright  grains.  It 
is  partly  employed  for  inferior  descriptions  of  faggoted  steel,  chiefly  for 
the  outer  layers  on  the  pile,  and  is  partly  sold  for  forging  into  scythes. 

4.  Roftmittelzeug. — It  is  used  for  inferior  kinds  of  faggoted  steel. 

5.  Ilammereisen  (Hammer-iron). — It  is  in  pieces  which  can  hardly  be 
broken,  and  is  hard  iron  rather  than  stecL  It  is  applied  to  various 
purposes.   

1  M  Weiche  Flossen."  The  adjective  |  of  the  German  finers,  "  wciches  Gang," 
soft  here  used  might  greatly  mislead.  It  which  is  used  to  indicate  that  the  metal 
is  derived,  not  from  the  quality  of  the  quickly  "comes  to  nature."  Tunner,  1. 
pig-iron,  but  from  a  technical  expression    p.  12. 
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6.  Abftilh,  or  Iiefiuli  (waste  pieces). — They  are  run  down  again  in 
the  finery,  but  not  unfrequently  they  are  worked  up  into  inferior  de- 
scriptions of  steel. 

The  best  Styrian  scythes,  which  are  highly  renowned,  are  made 
from  the  best  qualities  of  steel,  which  the  makers  obtain  from  various 
steel-makers.  They  can  thus  make  a  proper  selection — an  advantage 
of  which,  according  to  Tunner,  they  cannot  easily  be  deprived  b,y 
foreign  manufacturers,  notwithstanding  the  latter  may  procure  their 
steel  from  Styria.  The  Styrian  scythes  attracted  great  attention  at  the 
International  Exhibition  of  1862. 

The  production  in  a  steel-work  with  two  closed  fineries,  heated  with 
blast  at  150°R.  (364-5°  F.),  and  attended  by  4  workmen,  amounts  to 
about  10  centners  in  15  or  16  hours;  and  during  this  period  8  cakes 
are  made,  and  all  are  forged  into  Kirs.  The  loss  ranges  between  9% 
and  10%.  In  open  fineries  the  consumption  of  pine  charcoal  of  the 
worst  quality,  inclusive  of  all  waste,  is  from  34  to  85  cubic  feet  per 
centner ;  but  with  proper  economy  30  cubic  feet  are  quite  sufficient. 
In  closed  fineries,  with  hot-blast,  it  is  from  22  to  25  cubic  feet.  From 
100  centners  of  pig-iron,  at  the  present  day,  frequently  85  of  raw  and 
5  of  mock  steel  are  produced,  the  loss  being  9*3  %.  Formerly  100 
centners  of  pig-iron  yielded  only  60  of  raw  steel,  inclusive  of  Chisel- 
steel,  20  of  mock;  6  of  Hammer-iron,  and  4  of  Rohmittelze\uj%  the  loss 
being  10%. 

Corinthian  rave-steel  jrrocess  (Die  kdrntnerische  JiohstaJdai-beit).— The  fol- 
lowing account  of  this  process  is  derived  from  the  description  of  it  by 
Tunner.1  It  is  conducted  in  a  charcoal  finery,  resembling  in  all 
essential  particulars  those  which  have  previously  been  described  for 
the  production  of  malleable  iron.  The  hearth  is  from  22  in.  to  23  in. 
long,  and  from  23  in.  to  24  in.  broad  (Austrian  measures,  which  I 
have  not  considered  it  necessary  to  reduce  into  English).  The  depth 
below  the  twyer  to  the  hearth-bottom  is  from  11  in.  to  13  in.,  and  to 
the  working  bed  of  stamped  charcoal,  etc.,  from  7  in.  to  9  in.  The 
sides  of  the  hearth  are,  as  usual,  formed  of  four  cast-iron  plates,  which 
are  called  "stonos."  The  twyer  plate  is  about  3  in.  lower  than  the 
other  three  plates.  The  height  of  the  plate  facing  the  twyer  is  a  matter 
of  importance  ;  because,  in  the  operation  of  fining,  the  pig-iron  to  be 
melted  down  lies  upon  this  plate,  and  the  horizontal  plate  at  the  same 
level  on  the  side  of  it,  so  that  the  metal  in  melting  may  drop  from  a 
greater  height,  and  its  fining  be  thereby  promoted.  On  this  account 
the  height  of  this  plate  may  be  varied,  and  extend  from  2J  to  5  in. 
above  the  twyer-plate. 

The  nozzle  of  the  twyer  is  usually  circular,  from  16  to  17  lines  in 
diameter,  and  projects  from  3£  in.  to  4J  in.  over  the  twyer-plate.  The 
twyer  inclines  from  10°  to  16°,  with  its  axis  directed  towards  the  middle 
of  the  hearth.    There  are  either  two  blast -pipes  or  only  one,  which 


2  Stabeisen-und-Stahlbereitung.  2.  p  I  minutest  details  of  manipulation  ;  and.  as 
250  et  «ey.  I  have  greatly  abbreviated  far  as  practicable,  1  have  translated  lite- 
his  description,  which  abounds  in  the  |  rally. 
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in  both  cases  are  from  15  to  16  lines  in  diamoter  at  the  nozzle,  and 
which  lie  back  from  4  in.  to  4$  in.  from  the  nozzle  of  the  twyer.  The 
ordinary  pressure  of  the  blast  is  eqnal  to  a  column  of  water  of  from  15 
in.  to  1 6  in. 

The  pig-iron  treated  is  in  two  forms,  viz.  pigs  and  in  round  plates 
(Iilatteln  :  see  p.  611).  The  first  is  more  or  less  mottled,  seldom  grey, 
and  is  previously  refined.  The  second,  through  quenching  with  water, 
is  in  the  state  of  crystalline  white-iron,  and  is  directly  used  in  that  state. 
The  refining  of  the  first  is  generally  conducted  in  the  steel  finery  itself, 
after  the  conclusion  of  the  fining,  the  hearth  being  cleaned  and  made 
ready  for  the  puipose ;  but  at  some  works  it  is  effected  in  a  separate 
furnace.  The  pieces  of  refined  iron  (Hartxerrennlodtii)  hhould  be  toler- 
ably smooth  on  their  upper  surface,  and  also  on  the  under  surface, 
which,  however,  presents  numerous  round  depressions  ;  they  should  be 
from  h  in.  to  1  in.  thick,  with  a  radiated  and  only  slightly  porous 
fracture. 

In  a  fresh  built  or  newly  repaired  hearth,  the  preparation  of  the 
working  bed,  which  consists  of  small  charcoal  mixed  with  ashes  and 
cinder,  requires  the  greatest  care,  as  the  success  of  the  process  greatly 
depends  upon  its  solidity,  which  should  bo  such  that  it  cannot  be 
penetrated  by  the  finger — even  when  much  effort  is  used,— and  offers 
considerable  resistance  to  a  pointed  iron  rod.  A  basket  of  charcoal  is 
thrown  into  the  empty  hearth,  ignited,  and  allowed  to  burn  away 
to  half  its  bulk,  when,  along  with  the  ashes  produced,  it  is  stamped 
solidly  together.  Upon  this  is  spread  a  laj'er,  l£  in.  thick,  of  old 
sifted  brasque,  and  another  charcoal  fire  is  made  over  it  as  in  the  first 
instance.  After  the  lapse  of  some  hours  the  bed  is  stamped  down, 
covered  with  old  brasque,  a  charcoal  fire  made  on  the  top,  and  the  same 
process  as  above  described  repeated  until  the  bed  is  raised  to  the 
height  of  7  in.  below  the  twyer.  It  is  only  possible  by  this  means  to 
produce  a  bed  sufficiently  solid,  and,  at  the  same  time,  bad  conductor 
of  heat.  At  each  stamping  the  bed  is  raised  about  1  in.  higher,  and 
about  100  blows  are  given.  When  the  hearth  is  cold  it  must  be  heated, 
previously  to  working,  during  several  hours,  care  being  taken  to  pre- 
pare or  renew  the  bed  according  to  the  foregoing  directions. 

The  Carinthian  process  consists  of  three  'stages,  which  will  now  be 
described  in  order. 

The  hearth  being  filled  with  ignited  charcoal,  usually  from  40  lbs.  to 
70  lbs.  of  fresh  pig-iron,  consisting  of  the  thick  edges  of  the  round  plates 
(Blattdn)  and  bottom  lumps  (Konige),  previously  lying  on  the  wind-side, 
t.  e.  facing  the  twyer,  are  melted  down  with  the  addition  of  cinder ; 
which  requires  from  £  to  i  hour.  A  layer  of  thick  molten  metal  is 
thus  produced,  termed  "Sauer;"  and  simultaneously  with  its  formation, 
the  welding  (Abschweissen)  of  the  two  halves  (Deule)  into  which  the 
cake  (Cotta)  of  the  last  heat  has  been  cut,  is  commenced  and  continued 
until  both  are  worked  into  blooms.  One  of  the  deuls  is  put  with  its  cut 
surface  upwards,  and  with  the  opposite  side  or  bottom  between  the 
twyer  and  the  pieces  of  pig-iron  in  the  hearth  ;  whilst  the  other  deal, 
with  the  bottom  directed  towards  the  hearth,  is  laid  so  as  to  form  a 

3  k  2 

Digitized  by  Google 


788 


CARINTHIAN  RAW-STEEL  PROCESS. 


continuation  of  the  wind  side  of  the  hearth,  in  order  that  the  charcoal 
afterwards  heaped  up  higher  on  this  side  maj*  be  held  together,  and 
that  the  deul  itself  may  receive  a  preparatory  heating.  The  deul  lying 
free  before  the  twyer  must  bo  raised  up  from  time  to  time,  and  not  be 
allowed  to  sink  down  through  the  charcoal  to  the  bottom. 

In  this  stage  the  pig-iron  should  be  rapidly  melted  down  and  brought 
into  a  semi-fined  pasty  state,  which  is  induced  by  the  decarburizing 
action  of  the  cinder,  and  especially  of  the  oxide  of  iron  which  drops  off 
the  deul.  When  the  saner  attains  this  condition  either  too  soon  or  too 
late,  or  when  it  is  over-fined,  the  course  of  working  is  deranged.  In 
tho  choice  of  the  quality  and  quantity  of  pig-iron  to  form  the  muct, 
the  nature  of  the  deul  should  be  taken  into  account.  The  softer  and 
larger  the  deuh  the  more  fined  will  be  the  sauer,  which,  in  that  case, 
should  therefore  bo  present  in  greater  quantity. 

The  object  of  the  last  manipulation  is  to  clean  the  surface  of  the  deul 
and  remove  tho  more  ferriferous  outer  skin,  which  occurs  especially  on 
the  bottom  side ;  and,  at  the  same  time,  to  heat  it  sufficiently  to  allow 
of  its  being  forged  at  one  end  into  a  prismatic  piece  3  in.  square,  by 
which  it  may  be  easily  grasped  by  tongs.  As  soon  as  the  deul  becomes 
heated  to  the  welding  point  on  the  under  side,  it  is  raised  up  and  turned 
with  this  side  uppermost.  Thereupon  the  softened  and  loosened  edges 
are  detached  with  a  strong  little  shovel,  or  otherwise.  This  manipula- 
tion with  the  first  deul  is  continued  until,  to  tho  extent  of  half  its 
length,  its  suiface  appears  everywhere  clean,  when  it  is  taken  out  and 
forged.  The  other  deul  is  similarly  treated.  Tho  duration  of  this  first 
stage  of  tho  process  is  usually  1  $  hour.  At  its  conclusion  the  blast  is 
stopped,  the  charcoal  is  removed  from  the  hearth  and  put  at  the  back, 
and  tho  layer  of  cinder  covering  the  sauer  is  thus  laid  bare. 

The  superficial  solid  crust  of  cinder  being  taken  oft',  the  sauer  is  broken 
up  on  all  sides  and  piled  into  a  little  heap  in  the  middle  of  the  bed 
(  AufiHchteu) ;  and  if  the  process  has  been  properly  conducted,  the  saner 
will  be  in  a  pasty  state,  and  this  manipulation  quickly  performed. 
Old  brasque  is  strewed  round  the  sides  of  the  hearth,  the  charcoal 
previously  removed  put  back  into  the  hearth,  the  blast  let  on,  and  fresh 
charcoal  added ;  and  tho  last  forged  still  red-hot  piece  is  placed,  with 
the  bottom  side  undermost,  in  front  of  the  twyer,  whilst  the  first  forged 
piece,  now  nearly  cold,  is  laid  on  tho  wind-side  to  be  reheated.  In 
this  second  stage  fining  takes  place,  and,  at  the  same  time,  the  re- 
heating of  tho  pieces  to  be  further  forged  is  carried  on.  If  the  sauer  is 
found  to  bo  too  liquid,  rich  cinder,  such  as  hammer-slag,  must  be 
stirred  in ;  if  so  far  advanced  that,  in  the  piling  up  process,  it  only 
admits  of  being  broken  into  large  pieces,  fresh  pig-iron  (Mattel)  must 
be  added  and  melted  down. 

By  the  action  of  the  blast  on  the  piled  up  loose  mass  of  metal  in  the 
hearth,  the  upper  part  is  fined,  while  the  bottom  is  again  melted  down, 
forming  afresh  sauer;  and  this,  by  suitable  management,  must  be  main- 
tained during  the  whole  of  the  following  period,  and,  after  the  raising 
of  the  cake  from  the  bed,  must  again  become  visible.  It  is  only  when 
molten  pig-iron,  highly  decarburized,  and  "  of  a  soft  quality,"  exists 
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under  the  cake,  that  it  may  be  concluded  with  certainty  that  the  cake, 
at  least  on  its  under  side,  consists  of  perfectly  hard  steel.  If  this  saner, 
for  want  of  the  requisite  heat,  solidifies  on  the  bed,  the  under  side  of 
the  cake  will  not  be  steel,  but  pig  iron. 

After  the  completion  of  the  pi  I  ing-up  process,  the  unforged  half  of 
the  deid  is  heated  from  h  to  i  hour,  and  further  manipulated,  as  in  the 
first  instance,  and  during  this  period  the  piled-up  saner  sinks  into  a 
cake  uniform  and  even  on  the  suiface,  which  is  sounded  with  an  iron 
rod,  while  the  deul  is  out  of  the  hearth  and  being  forged.  The  cako 
should  extend  evenly  over  the  bed,  and  be  covered  with  a  layer  of 
cinder  from  2  in.  to  2^  in.  thick.  When  it  has  increased  so  as  to  reach 
within  about  1  in.  of  tho  twyer,  tho  process  is  completed  ;  the  blast 
must  then  be  stopped,  the  cinder  tapped  off,  tho  charcoal  removed  from 
the  hearth,  and  the  cake  exposed,  upon  the  upper  suiface  of  which  a 
little  liquid  cinder  always  remains.  According  as  the  cake  appears 
more  or  less  hard,  it  is  left  thus  bare  to  cool  during  a  longer  or  shorter 
time,  the  cinder  which  solidities  on  its  suiface  being  removed  at  inter- 
vals. When  it  is  considered  to  bo  sufficiently  cool,  which  usually 
occurs  in  about  from  10  to  15  minutes,  tho  residual  cinder,  which  is 
always  solidified  by  pouring  water  over  it,  is  taken  off,  tho  cake  is 
raised,  placed  ujkjii  two  iron  bars  laid  across  the  hearth,  and  the 
adherent  semi-solid  sau»r  knocked  oft',  dropping  into  saner  remaining  in 
the  hearth.  It  is  afterwards  taken  to  tho  hammer  and  divided.  Never 
more  than  3,  and  often  only  2  cakes,  are  made  without  intermission. 
An  interval  of  o  or  8  hours  then  occurs,  during  which  tho  hearth  is 
kept  heated  with  large  pieces  of  charcoal.  There  is  much  uncertainty 
in  judging  of  the  quality  of  the  steel  from  the  external  appearance  of  a 
cake.  The  cake  is  cut  transversely  from  front  to  back  as  it  lay  in  the 
hearth ;  and  hence  the  pieces  are  named  twyer-sido  and  wind-sido 
pieces.  There  is  generally  more  difference  in  the  quality  of  the  metal, 
in  these  two  parts  of  a  cake  than  in  those  corresponding  to  the  back 
and  front  sides  ;  and,  consequently,  by  cutting  in  tho  direction  stated 
above,  greater  uniformity  in  the  quality  of  the  finished  steel  is  secured. 
Tho  steel  from  the  twyer-side  piece  is  likely  to  be  softer  than  that 
from  tho  wind-side  piece,  as  it  is  more  exposed  to  decarburization. 
Tho  hammer  employed  is  small,  and  often  scarcely  gives  120  blows 
per  minute,  which  is  a  radical  defect  in  this  process.  A  heat  lasts 
from  5  to  ('»  hours ;  and  during  this  period  it  is  frequently  not  possible 
to  forge  all  the  steel  produced  in  a  previous  heat.  The  steel  is 
assorted  according  to  its  quality.  The  chief  variety  is  known  as 
lirescian  steel,  Kolberlstald,  or  Munzkollterhtahl,  and  only  the  hardest 
should  bo  selected  for  this.  It  is  in  small  rods,  weighing  5  lbs.  or 
G  lbs.,  and  from  $  in.  to  |  in.  square.  The  other  varieties  arc  known  as 
Tanwnbanimtahl,  long  or  short, — Stuckstahl,  great  and  small, — Mochtahl, — 
and  liefudi,  or  wasto  steel,  which  is  unsuitable  for  any  purpose. 

Three  workmen  are  required, — a  master-man,  "  a  heater,"  and  "  a 
water-thrower."  Each  man  has  8  or  10  hours'  rest  daily.  The  average 
weekly  make  of  a  Cariuthian-steel  finery  is  from  30  to  35  centners. 
The  consumption  of  charcoal  (Fichtenkofde)  is  from  40  to  50  cubic  feet 
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for  100  lbs.  of  merchant  steel.  The  consumption  of  refined  pig-iron 
and  crude  pig-iron  in  the  form  of  "blatteln"  is  in  the  ratio  of  from 

3  :  1  to  2  :  1.  The  loss  is  from  20%  to  30%,  about  25%  being  the 
average.  About  f  of  the  raw  steel  produced  should  by  good  "work  be 
pure  steel,  and  the  rest  more  or  less  of  the  nature  of  malleable  iron. 
The  C'arinthian  steel  is  generally  harder  and  more  uniform  than  the 
Styrian. 

The  forging  of  Brescian  steel  is  effected  under  hammers  weighing 
from  li  to  2  centners,  seldom  falling  more  than  10  in.,  and  giving 
more  than  200  blows  per  minute.  Brescian  steel  is  nearly  alwavs  in 
the  form  of  bars  from  i  in.  to  i  in.  square,  from  4  ft.  to  5  ft.  long,  and 
numbered  00,  0,  1 ,  2,  3,  4,  5,  6,  7,  8.  The  first  production  of  this 
and  similar  sorts  of  steel  took  place  without  doubt  in  the  province  of 
Brescia ;  and  formerly  in  the  town  of  Brescia  were  manufactured  the 
various  kinds  of  celebrated  Brescian  steel-wares. 

Paul  steel  pnxess.* — This  process  is  conducted  at  Prince  Schwarzen- 
berg's  Works  in  Murau,  Styria,  which  have  been  in  existence  nearly 
20n  years.  According  to  Hermann,  it  was  introduced  by  workmen 
fromYrain  (< 'arniola)  in  1660."  It  is  very  similar  to  the  so  called 
Carinthian  process,  and  it  will  only  be  requisite  to  indicate  the  points 
in  which  it  differs  from  that  process.  From  200  lbs.  to  250 11*.  of  pig- 
iron  arc  melted  down  to  form  saner ;  and  the  8  pieces,  into  which  the 
2  cakes  obtained  the  day  preceding  have  been  cut,  are  taken  up  one 
after  another  with  tongs,  reheated  in  the  hearth,  dipped  in  the  molten 
metal,  and  kept  immersed  for  some  time, — whereby  they  are  stated  to 
acquire  hardness  and  tenacity, — then  taken  out,  freed  from  the  raw 
and  loosely-adherent  superficial  crusts,  and  hammered,  one  end  being 
forged  into  a  4-sided  piece,  which  may  be  conveniently  held  by  the 
tongs.  When  all  the  pieces  have  been  successively  treated  in  this 
manner,  the  cake  is  made.  The  saner  is  examined,  and  if  found  tot* 
already  hard  and  steel-like,  the  formation  of  the  cake  is  completed; 
but  if,  on  the  contrary,  it  is  still  too  liquid,  it  is  subjected  to  a 
"  boiling n  process.  Charcoal  is  removed  from  the  hearth,  the  blast 
is  stopped,  rich  cinder,  such  as  hammer-slag,  is  added,  and  is  stirred 
well  into  the  molten  mass  with  a  wooden  rod  until  it  begins  to  become 
hard,  when  the  charcoal  is  put  lwck  into  the  hearth,  and  the  melting 
down  of  the  materials  of  the  charge  (refined  metal  and  llattrh)  w 
continued  until  the  cake  has  become  sufficiently  heavy.  The  blast  is 
then  shut  off,  and  the  cake  conveyed  under  the  hammer  and  cut  into 

4  pieces.  This  first  lump  weighs  from  2^  to  3  centners,  and  there 
remains  in  tho  hearth  a  bath  of  metal  or  sauer.  Pig-iron,  almost  grey, 
is  added  to  this,  and  melted  down  with  the  addition  of  hammer-slag, 
etc.,  so  that  the  molten  product  is  not  very  liquid.  The  four  pieces  of 
the  day  preceding  are  now  divided  into  tajoli,  and  these  again  into 
pieces  (A'o/Me/i),  about  12  in.  long,  2  in.  broad,  and  1|  in.  thick,  which 

*  Karsten.  Eisenhiittenkunde,  4.  p.  4(j2.  '  cesses,  after  the  descriptions  of  some  oUVr 
The  »tyle  of  Karsten  is  so  lucid,  and  his    (iennan  writers  on  Metallurgy.   Pa*  18 
Mnwgement  so  methodical,  that  it  is  a    the  old  local  name  of  the  district, 
great  relief  to  read  his  descriptions  of  pro-       4  Kan>ten,  ibid.  p.  408. 
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are  plunged  while  still  red-hot  into  water,  then  broken,  and  afterwards 
forged  into  merchantable  articles.  After  the  completion  of  the  forging 
of  the  cake  of  the  previous  day,  fresh  pig-iron  is  added,  and  the  for- 
mation of  the  second  cake  proceeded  with. 

After  the  removal  of  the  second  cake,  water  is  thrown  upon  the  molten 
metal  remaining  in  the  hearth,  and  the  solidified  crust  taken  off,  and 
this  is  done  until  2  or  3  such  crusts  (Iioden,  and  the  operation  is  termed 
Bodenheben)  are  obtained.  It  is  this  metal  and  the  14  blatteln "  which 
constitute  the  materials  of  the  charge.  The  time  required  in  this 
process  is  as  follows. 

For  the  first  cake  — 


Melting  down  the  charge     3  hours. 

Dipping  in  the  $auer  and  forging    4    , , 

Making  the  cuke    5  to   6    , , 

Total   12  to  13  hours. 

For  the  second  cake- 
Melting  down  the  charge    2  to  3  hours. 

Forging  and  cake-making    4    , , 

Total   6  to  7  hours. 


Production  of  Steel  by  Puddling. 

In  1824  Breant  published  an  interesting  paper  on  cast  steel,  in 
which  is  the  following  prophetic  passage  :4— 4 *  The  darkest  pig-irons 
(let /antes  Us  plus  noires)  succeed  best.  1  am  convinced  that  with  such 
pig-irons,  it  would  bo  possible  to  produce  cast-steel  on  a  very  large 
scale  in  reverberatory  furnaces,  by  following  a  process  analogous  to 
that  of  the  depuration  of  bell-metal,  that  is  to  say  by  adding  to  the 
metal  in  fusion  a  portion  of  the  same  metal  oxidized ;  or,  still  better, 
natural  oxide  of  iron."  After  the  lapse  of  several  years,  this  prophecy 
was  fulfilled  ;  and  puddled  steel  is  now  an  article  of  great  commercial 
importance. 

According  to  Tunncr,  puddled  steel  was  actually  mado  at  Frantsehach, 
in  Carinthia,  so  long  ago  us  18115,  by  Schlegel,  Muller,  and  Mayr,  who 
obtained  a  patent  for  the  process  in  the  following  year;  but  the  process 
was  soon  put  aside.8  In  1846,  M.  Bischof  made  puddled  steel  in  a  gas- 
furnace  at  Mitgdesprung,  in  the  Harz.  At  Weyerhammer  in  Bavaria, 
and  at  Limbing  in  Westphalia,  it  has  been  tried  during  Bevoral  years.7 
In  1849  some  ironmasters  in  W  estphalia  made  consecutive  trials  of  it  on 
a  large  scale,  and  succeeded  in  overcoming  every  difficulty.  In  1850 
puddled  steel,  suitable  fur  several  purposes,  was  regularly  fabricated. 
In  the  International  Exhibition  of*1851,  Messrs.  Lehrkind,  Falken- 

»  Annahs  dtt  Mines.  1824,  9.  p.  327.  I     "  Do  la  Fabrication  de  l'Acier  Puddle 

The  title  is  "Description  d'un  precede  a  on  Allemagnc.    Par  M.  A.  Delvaux  de 

l'aide  duquel  on  ohtient  tine  espece  d'acier  Fenffc,  Ingcniev  Civil  dee  Mines,  Profes- 

fondu  scmblable  a  celui  den  lames  damas-  seur  aggrcge  charge  du  cours  de  Metal- 

stfes  de  l'Orient.    Par  M.  Breant,  verifi-  lurgie  a  TUniversik'  de  Liege.  Revue 

catt-ur  des  esaau*  a  la  Monuaie."  Universelle,  1857.  1.  p.  59. 

6  Jahrbuch,  Tuaner,  1853.  3.  p.  281. 
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roth,  &  Co.,  of  Haspe,  near  Ilagen,  in  the  Principality  of  Lippe, 
showed  bars  and  blooms  of  puddled  steel  made  from  German  charcoal 
pig-iron,  from  Belgian  refined  metal,  and  from  Yniscedwin  pig-iron." 
It  was  stated  to  be  employed  in  large  quantities  on  the  Continent  for 
the  manufacture  of  cutlery,  waggon  axle-trees,  files,  springs,  etc.  ;  and 
was  exhibited  for  its  cheapness,  hardness,  tenacity,  and  elasticity.9  Tho 
first  steel  puddling  furnace  at  the  Works  of  the  firm  above-mentioned 
came  into  operation  in  September,  1850.'     In  tho  Report  of  the 
Jury  of  Class  1.,  drawn  up  by  Dufrenoy,  only  the  following  curt 
notice  appears  :  14  The  steels  exhibited  by  Messrs.  Lehrkind,  Falken- 
roth,  &  Co.,  of  Haspe,  have  been  obtained  by  a  peculiar  method 
in  the  puddling  furnace.    According  to  Mr.  Schreiber,  their  price  is 
lower  than  that  of  other  German  steels,  being  sold  at  221.  per  ton.  It 
would  seem  that  similar  attempts  have  been  made  in  other  works,  but 
without  success."    Rolled  puddled  steel  was  also  exhibited  by  Boeing, 
Eoehr,  and  Lefsky,  at  Limburg,  on  the  Lenne  ; 2  and  by  Iluth  &  Co., 
Hagen."    This  important  manufacture  was,  at  tho  time,  porfectly 
novel.*     In  tho  International  Exhibition  of  1802,  illustrations  of 
puddled  steel  abounded.    Tho  puddled  steel  of  Messrs.  Lehrkind  &  Co. 
was,  I  presume,  made  by  what  is  known  as  Riepe's  process ;  for,  in  the 
Official  Catalogue,  Mr.  E.  Kiepe  is  announced  as  their  agent  in  London, 
and  the  process  has  been  patented  in  England  in  the  name  of  Ewald 
Riepo ;  but  I  do  not  know  whether  he  is  entitled  to  the  credit  of  the  inven- 
tion.*   According  to  M.  Lan,  the  puddling  of  steel  deserves  only  to  be 
classed  amongst  metallurgical  processes  from  the  date  when  it  was 
practised  by  MM.  Morel,  Petin,  et  Gaudet,  in  the  Loire,  about  1845 
or  1846  ;  and  ho  further  announces  that  afterwards  only  a  single  step 
remained  to  betaken,  and  that  step  was  taken  about  1851  or  1852  in 
the  stecl-works  of  Westphalia.'    In  the  same  paper  (p.  105),  Lan 


*  Official  Catalogue.  Zollvcrein  States. 
No.  447. 

9  II lustmted  Catalogue.  Foreign  States, 
p.  1074. 

1  Jalirbtieli,  Taunt r,  18.52.  2.  p.  180. 

*  Official  Catalogue.    No.  453. 
"  Ibid.  No.  632. 

4  The  exhibition  of  puddled  steel,  as  an 
article  of  regular  manufacture,  was  assu- 
redly novel  to  the  world  in  general,  not- 
withstanding such  steel  may  have  been 
long  previously  made  in  Styria.  Director 
Tuuner,  in  his  HejKirt  on  the  International 
Exhibition  of  18.">1,  dot*  not  acknowledge 
tliat  the  firm  at  Haspe  is  entitled  to  any 
cretlit  for  the  introduction  of  puddled  steel. 
He  says,  M8o  far  from  there  being  any 
novelty,  the  thing  was  done  practically  by 
Schlegel,  Midler,  and  Mayr  in  Styria,  six- 
teen, actually  eighteen  years  previously : 
but  was  soon  thrown  aside.  The  puddling 
of  steel  was  also  attempted  years  ago  at 
Weyerhammer  in  Bavaria,  at  Limburg  on 
the  Lenne  in  Westphalia  (likewise  repre- 
sented in  the  Exhibition),  and  several 


other  countries  and  places,  generally  in 
consequence  of  the  accidental  production 
in  the  puddling  of  iron  of  badly  puddled 
steel-like  bulk;  but  it  wus  cverywliere 
given  up,  or  only  slightly  practised.  I 
found  nothing  actually  new  of  importance 
at  Haspe ;  only  the  workmen  there  knew 
very  exactly  the  right  moment  when  to 
stop  the  puddling,  ami  had  some  knacks 
(Arlteittrortheile,  which  would  be  bost 
translated  by  the  vulgar  word  4  dodges '  „ 
which  ]»crhaps  in  other  localities  liad  not 
Ih'cu  so  far  perfected." — Op.  cit.  p.  1S1. 
It  is  dear  that  at  Haspe  puddled  steel  was 
made  in  a  satisfactory  manner;  and  it  is 
also  clear  that  in  Styria,  supposing  like- 
wise the  process  to  have  been  carried  out 
successfully,  its  value  was  not  recognised 
as  it  ought  to  have  been.  Any  way,  then, 
the  Has]>e  firm  is  entitled  to  great  credit. 

s  Improvements  in  the  Manufacture  of 
Steel.    A.D.  1850,  Jan.  20.    No.  12,050. 

6  Aunales  des  Mines,  5.  s.  1850.  15.  p. 
104. 
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admits  that  "  the  first  trials  in  the  manufacture  of  puddled  steel  were 
made  by  German  workmen,  towards  the  end  of  1854  or  at  the  begin- 
ning of  1855,  in  the  basin  of  the  Loiro"!  Gmner  asserts  that,  44  as 
to  steel  properly  so  called,  the  problem,  in  an  industrial  point  of  view, 
was  only  really  solved  by  the  combined  efforts  of  several  managers  of 
Westphalian  forges." 7  How  far  Lan  is  justified  in  claiming  this  credit 
for  his  countrymen,  the  reader  is  now  in  a  condition  to  judge  for 
himself. 

Riepe's  process  was  first  practised  in  England  at  the  Mersey  Steel 
and  Iron  Works,  Liverpool ;  and  a  valuable  paper  on  the  subject  was 
communicated,  Jan.  20,  1858,  to  the  Society  of  Arts  by  Mr.  William 
Clay,  the  manager.  According  to  Mr.  Clay,  a  licence  was  granted, 
abotit  the  date  of  the  patent,  to  the  Lowmoor  Iron  Company,  who, 
when  his  paper  was  read,  had  made  about  1000  tons  of  puddled  steel, 
which  they  sold  direct  to  various  Sheffield  houses,  more  especially  that 
of  Xaylor,  Vickers,  &  Co.,  who  44  have  used  this  material  very  largely 
for  the  manufacture  of  their  cast  steel  bells."  Mr.  Vickers,  who  was 
present  at  the  reading  of  Mr.  Clay's  paper,  observed  that  44  the  puddled 
steel  manufactured  by  the  Lowmoor  Company  had  not  come  much  into 
use,  owing  to  the  high  price  they  had  put  upon  it." 

Eiepes  process. — In  the  specification  of  tho  patent  the  process  is 
described  as  follows  : — 44  Firstly.  I  employ  the  puddling  furnace  in  the 
same  way  as  for  making  wrought- iron.  I  introduce  a  charge  of  about 
280  lbs.  of  pig-iron,  and  raise  tho  temperature  to  redness.  As  soon  as 
the  metal  begins  to  fuse  and  trickle  down  in  a  fluid  state,  the  damper 
is  to  be  partially  closed,  in  order  to  temper  the  heat.  From  12  to  16 
shovelfuls  of  iron  cinder  discharged  from  the  rolls  or  squeezing  ma- 
chine are  added,  and  the  whole  is  to  be  uniformly  melted  down.  The 
mass  is  then  to  be  puddled  with  the  addition  of  a  little  black  oxide 
of  manganese,  common  salt,  and  dry  clay,  previously  ground  together. 
After  this  mixture  has  acted  for  some  minutes,  the  damper  is  to  bo 
fully  opened,  when  about  40  lbs.  of  pig-iron  are  to  be  put  into  tho 
furnace,  near  tho  fire  bridge,  upon  elevated  beds  of  cinder  prepared  for 
that  pur]>ose.  When  this  pig-iron  begins  to  trickle  down,  and  tho 
mass  on  the  bottom  of  the  furnace  begins  to  boil  and  throw  out  from 
the  surface  tho  well-known  blue  jets  of  flame,  the  said  pig-iron  is 
raked  into  the  boiling  mass,  and  the  whole  is  then  well  mixed  together. 
The  mass  soon  begins  to  swell  up,  and  the  small  grains  begin  to  form 
in  it  and  break  through  the  melted  cinder  on  the  surface.  As  soon  as 
these  grains  appear,  the  damper  is  to  bo  three  quarters  shut,  and  the 
process  closely  inspected,  while  the  mass  is  being  puddled  to  and  fro 
beneath  the  covering  layer  of  cinder.  During  the  whole  of  this 
process  tho  heat  should  not  be  raised  above  cherry  redness  (?),  or  the 
welding  heat  of  shear  steel.  The  blue  jets  of  flame  gradually  disap- 
pear, while  the  formation  of  grains  continues,  which  grains  very  soon 
begin  to  fuse  together,  so  that  tho  mass  becomes  waxy,  and  has  the 
above-mentioned  cherry  redness.  If  these  precautions  are  not  observed, 

■  -  —  -      —    — — 

7  Annales  des  Mines,  1859.  5.  s.  15.  p. 
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the  mass  would  pass  more  or  less  into  iron,  and  no  uniform  steel  pro- 
duct could  be  obtained.  As  soon  as  the  mass  is  finished  so  far,  the  fire 
is  stirred  to  keep  the  necessary  heat  for  the  succeeding  operation,  the 
damper  is  to  be  entirely  shut,  and  part  of  the  mass  is  collected  into 
a  ball,  the  remainder  always  being  kept  covered  with  cinder  slack. 
This  ball  is  brought  under  the  hammer,  and  then  worked  into  bars. 
The  same  process  is  continued  until  the  whole  is  worked  into  bars. 
When  I  use  pig-iron  made  from  sparry  iron  ore  or  mixtures  of  it  with 
other  pig-iron,  I  add  only  about  20  lbs.  of  the  former  pig-iron  at  the 
later  period  of  the  process,  instead  of  about  40  lbs.  When  I  employ 
Welsh  or  pig-iron  of  that  description,  I  throw  10  lbs.  of  best  plastic 
clay,  in  a  dry  granulated  state,  before  the  beginning  of  the  process,  on 
the  bottom  of  the  furnace.  I  add,  at  the  later  period  of  the  process, 
about  40  lbs.  of  pig-iron  as  before  described,  but  strew  over  it  clay  in 
the  same  proportion  as  just  mentioned.  I  do  not  claim  the  commence- 
ment of  the  above  described  process  for  making  steel  in  the  puddling 
furnace,  but  what  I  claim  is  the  regulating  the  heat  in  the  finishing 
process,  and  excluding  the  atmospheric  air  from  the  mass  in  the  manner 
as  described,  and  also  the  use  in  addition  of  iron  to  the  mass  towards 
the  later  part  of  the  process." 

Mr.  Clay  stated  that  although  he  had  only  the  specification  as  his  guide, 
having  never  before  heard  of  or  seen  the  operation,  yet  he  succeeded 
perfectly  in  the  first  trial  which  he  made,  and  produced  such  excellent 
steel,  that  after  working  about  100  tons  of  it,  he  hardly  made  better 
afterwards.  He  u*ed  pig-iron  of  all  descriptions,  North  Welsh,  South 
Welsh,  Staffordshire,  and  Scotch,  with  the  same  result,  and  without 
finding  the  difference,  which  he  expected,  between  hot  and  cold  blast 
pig-in  >n.  The  steel  which  ho  obtained  by  this  process  had  all  the 
characteristic  properties  of  steel ;  and  he  expressed  his  belief  that  it 
would  bo  44  useful  in  the  arts  for  all  purposes  for  which  steel  is 
required,  except,  perhaps,  for  the  finer  descriptions  of  tools  and 
cutlery."  Mr.  Clay  found  that  while  the  tensile  strength  of  a  puddled 
steel-bar  was  about  43  tons  to  the  square  inch,  that  of  a  puddled  iron- 
bar  was  only  about  20  tons. 

Good  puddled  steel  may  be,  and  is  perfectly  well,  made  in  an  ordi- 
nary' puddling  furnace  from  pig-iron  of  suitable  quality,  and  the  cinder 
usually  employed  in  puddling  iron.  The  art  essentially  consists  in  a 
nice  regulation  of  the  temperature,  which  should  bo  lower  than  in 
puddling  iron,  and  in  arresting  the  process  at  the  proper  stage  of 
decarburization.  Mr.  Tarry,  of  the  Ebbw  Vale  Iron-works,  where 
considerable  experience  in  this  art  has  been  acquired,  and  where  1 
have  seen  it  practised,  has  published  a  short,  yet  very  sensible  paper 
on  the  subject,  from  which  1  extract  the  following  details." 

The  usual  charge  is  from  4  cwts.  to  4^-  cwts.  of  good  bright  grey,  or 
low  dark  grey  pig-iron,  which  is  melted  at  a  pretty  strong  heat;  after 
which  the  temperature  must  bo  reduced,  so  as  to  retain  the  molten 
metal  of  the  consistency  of  thin  cream.  While  in  this  state,  it  should  be 

8  Proceeding*,  of  the  South  Walt*  Institute  of  Engineers,  1863.  3.  p.  75. 
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diligently  stirred  with  a  rabble,  and  well  mixed  with  the  cinder  pre- 
viously introduced,  and  which  need  not  exceed  the  quantity  commonly 
used  in  puddling  iron.  Boiling  takes  place,  owing  to  the  escape  of  car- 
bonic oxide,  produced  by  the  combustion  of  the  carbon  of  the  molten 
metal  at  the  expense  of  the  oxygen  of  the  oxide  of  iron  in  the  cinder.  If 
the  heat  be  too  high,  and  the  metal,  in  consequence,  extremely  liquid, 
the  mixed  cinder  and  metal  immediately  separate  from  each  other  after 
the  operation  of  rabbling,  and  decarburization  then  proceeds  slowly, 
compared  with  what  occurs  when  the  cinder  and  metal  are  rabbled  in 
a  plastic  or  less  liquid  state.  If,  on  the  other  hand,  the  temperature 
be  too  low,  and  the  metal,  in  consequence,  too  stiff,  the  cinder  cannot 
be  equably  intermixed,  and  the  steel  will  not  be  homogeneous.  In  a 
short  time  the  effervescence,  from  being  sluggish,  becomes  very  vigor- 
ous ;  and  if  a  portion  of  the  metal  be  withdrawn  from  the  furnace  at 
this  stage,  its  fracture,  when  cold,  will  be  silvery  white,  the  whole  of 
the  carbon  being  in  the  combined  state.  The  temperature  of  the  fur- 
nace may  now  bo  raised,  but  not  so  high  as  in  puddling  iron,  and  con- 
tinued until  incipient  solidification  occurs,  which  will  be  indicated,  as 
usual,  by  t  he  appearance  of  floating  granules ;  it  must  then  be  reduced 
to  about  a  full  yellow  heat,  and  the  process  of  balling  and  finishing  the 
charge  may  be  proceeded  with  in  the  ordinary  manner.  If  the  tem- 
perature, during  this  last  stage,  be  kept  too  high,  either  iron,  or  steel 
containing  too  little  carbon,  will  be  obtained.  Considerable  skill, 
which  can  only  be  attained  by  experience,  is  essential  for  the  proper 
management  of  this  delicate  part  of  the  process.  When  a  hard,  or 
more  strongly  carburized  variety  of  steel  is  required,  a  comparatively 
low  temperature  is  necessary ;  but  it  then  becomes  difficult  to  effect 
a  complete  welding  together  of  the  granules  which  form  the  ball, 
especially  when  pig-iron,  containing  much  silicon,  is  operated  on. 
In  this  case,  according  to  Mr.  Parry,  the  cinder  produced  is  not  rich 
enough  in  oxide  of  iron  to  form  a  good  44  welding  cinder"  at  the  period 
of  balling  up,  and  defects,  consequently,  become  manifest  in  the 
puddled  bar.  Mr.  Parry  is  of  opinion  that  borax  might  be  beneficial, 
but  its  price  precludes  its  use.  He  further  suggests  that  the  steel 
might  be  transferred  from  the  furnace,  in  which  it  is  made,  to  another 
adjacent  furnace,  containing  a  bath  of  rich  cinder,  and  there  formed 
into  balls.  As  the  bath  of  cinder  became  weakened,  it  might  bo 
renovated  from  time  to  time,  by  the  addition  of  scrap  or  scale ;  and 
one  such  furnace  would  serve  for  several  puddling  furnaces. 

There  is  now  no  fear  of  a  patent  which  was  granted  in  1852  for 
the  simple  method  which  has  just  been  described."  A  charge  of  about 
4  cwts.  of  grey  pig-iron  is  44  melted  in  the  puddling  furnace  in  the 
ordinary  way,  with  a  large  quantity  of  silicate  of  iron  or  other  metallio 
oxide,"  etc.  The  last  clause  is  not  consistently  expressed.  If  silicate 
of  iron  bo  used,  the  words  4t  or  other  metallic  oxide  "  should  not  have 
been  employed.    Admitting  this  patent  to  be  valid,  it  might  without 


9  A  communication  in  the  name  of  I  March  24.  No.  14,033.  Abridgments, 
William  WUittaker  Collins.    A  D.  1852,  |  p.  116. 
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much  difficulty  bo  made  to  include  the  ordinary  method  of  puddling. 
Whatever  opinion  may  be  entertained  as  to  the  expediency  of  patents, 
there  can  be  no  doubt  that  such  a  patent  as  this  ought  never  to  have 
been  granted.  A  patent,  even  though  it  may  be  proved  invalid,  con- 
fers upon  its  possessor  a  locus  standi  in  the  eye  of  the  law,  and  enables 
him  thereby  to  involve  innocent  persons  in  most  expensive  litigation, 
to  say  nothing  of  the  attendant  annoyance  and  anxiety.  The  prelimi- 
nary examination  before  the  Attorney  or  Solicitor-General  is  in  many 
cases  an  absolute  farce,  and  nothing  less.  The  present  system, 
although  confessedly  an  improvement  on  the  old  one,  is  yet  in  many 
cases  highly  obstructive  and  injurious  to  national  interests. 

Spiegeleisen  has  boon  found  admirably  suited  for  the  production  of 
puddled  steel  of  the  best  quality,  and  accordingly  it  is  largely  con- 
sumed for  the  purpose  This  variety  of  pig-iron,  it  will  be  remem- 
bered, is  made  from  highly  manganesiferous  ores,  such  as  spathic  car- 
bonate ;  it  contains  generally  about  5%  of  carbon  in  the  combined 
state,  and  seldom  loss  than  about  4"/_  of  manganese.  One  advantage 
ascribed  to  the  action  of  manganese  is  that  it  renders  the  cinder  more 
fusiblo,  so  that  in  the  balling  process  the  cinder  remains  longer  liquid, 
and  can  therefore  be  more  completely  extruded  than  in  the  case  of  a 
cinder  which,  being  less  fusible,  sooner  thickens  and  solidifies. 

Mr.  Parry  simply  and  intelligibly  explains  why  the  temperature 
should  be  lower  in  puddling  steel  than  in  puddling  iron.  The  **  boil- 
ing "  molten  metal  remains  liquid  for  a  longer  time  when  the  tempera- 
ture of  the  furnace  is  high  than  when  it  is  low* ;  and  consequently, 
before  solidification,  it  must  be  more  decarburized  in  the  former  case 
than  in  the  latter,  and  be  converted  into  iron  or  steel  accordingly.  It  is 
asserted  by  Mr.  Parry  that  it  is  next  to  impossible  to  produce  puddled 
steel  from  refined  metal ;  and  the  reason  which  he  alleges  is  that  in 
the  operation  of  refining  the  pig-iron  generally  loses  from  f%  *°  *% 
of  carbon,  and  will  therefore  require  for  its  fusion  a  higher  temperature 
in  the  puddling  furnace.  Moreover,  only  little  rabbling  is  required 
to  solidify  the  molten  metal ;  and  as  the  temperature  from  the  period 
of  fusion  is  necessarily  high,  the  solidified  metal  cannot  retain  suffi- 
cient carbon  to  constitute  steel  by  the  time  the  operation  of  balling  is 
completed.  Common  white  Welsh  pig-iron,  on  account  of  the  large 
proportion  of  sulphur  which  it  usually  contains,  cannot  be  employed 
for  puddled  steel.  Mr.  Parry  is  of  opinion  that  the  only  defect  of 
puddled  steel  is  its  indisposition  to  weld  perfectly ;  and  this  is  a 
matter  of  great  importance  in  articles  manufactured  from  it,  which  are 
exposed  to  much  wear  and  tear.  This  defect  is,  however,  entirely 
obviated  by  the  subsequent  fusion  of  the  steel,  which  is  now  practised 
on  a  very  large  scale,  especially  by  Krupp  of  Essen.  Want  of  homo- 
geneity, due  in  great  measure  to  the  intermixture  of  cinder— which, 
as  has  been  already  remarked,  can  never  bo  completely  expelled  by 
any  amount  of  pressure  from  such  a  mass  as  a  ball,  whether  of  iron  or 
steel— will  never  be  remedied  except  by  absolute  fusion. 

In  Mr.  Parry's  paper  the  following  example  is  given  of  the  mean 
composition  of  puddled  steel,  and  of  the  pig-iron  from  which  it  had 
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been  derived,  and  which  was  of  the  quality  generally  known  as  "  dark- 
grey  iron  :" — 

Puddled  iteel.  Pig-iron. 

Carbon                                          0  501  2-680 

Silicon                                          0-106  2- 212 

Sulphur                                         0  002  0  125 

Phosphorus                                    0-096  0*426 

Manganese                                       0*144  1230 

Iron,  by  difference                         99'  151  03-327 

100000  100- 000 


The  largo  proportion  of  silicon  in  the  pig-iron  indicates  that  the  carbon 
must  have  existed  almost  wholly  as  graphite. 

Composition  op  Cinder  produced  in  Puddling  Steel. 

It  is,  as  might  be  expected,  very  similar  to,  and  may  be  identical 

with,  that  of  ordinary  tap-cinder.  The  following  analyses  are  pre- 
sented in  illustration : — 

L  n. 

Silica                                  26  0  23-5 

Protoxide  of  iron                   55  9  66  0 

Protoxide  of  manganese           10-5  8-4 

Alumina                                 6' 8  3  3 

*Lime   06 

99-8  101-2 


I.  By  Schnabel,  from  the  Lohhiitte,  near  Siegen.  Its  specific 
gravity  was  3-643.  Very  good,  pure  puddled  steel  was  produced,  and 
the  working  condition  of  the  furnace  is  stated  to  have  been  very 
"  Kohgang."  1 

II.  liy  the  same  analyst  and  from  the  same  locality.  Its  specific 
gravity  was  4*127.  The  working  condition  of  the  furnace  is  stated  to 
have  been  somewhat  "  Gaargang."  *  Doth  these  cinders  approximate 
in  composition  to  the  formula  3FeO,  SiO8.  In  No.  I.  the  ratio  between 
the  oxygen  of  the  silica  and  that  of  the  bases  is  16*6V>  :  14-95,  and  in 
No.  II.  it  is  13*75  :  16*56.  The  following  elaborate  formulae  are  pro- 
posed for  them  : — 

5(3FeO,  SiO3)  +  3  Sin,  Ca,  0, 2Si03  and  4  3FeO,  SiO3)  +  3^2FcO,  SiO3) +3  6FeO,  SiO3  . 

It  will  be  remembered  that  we  failed  utterly  in  producing  a  slag  more 
highly  basic  than  tribasic.  These  formulas,  like  many  others,  are  pro- 
bably more  conjectural  than  real. 

According  to  I  .an,  the  composition  of  the  cinder  produced  in  puddling 
steel  in  the  Loire  differs  considerably  from  that  indicated  in  the  fore- 
going  analyses,  at  least  in  the  instance  in  which  Lan  saw  the  operation 
performed,  and  collected  specimens  at  successive  stages."  The  charge 
consisted  of  80  kil.  of  4k  grey  very  graphitic"  pig-iron  from  Allelik, 


1  Kerl,  Handbuch,  1861.  1.  p.  875.  I  3  Aunale*  des  Mines,  5.  8.  15  p.  104 
-  Ibid.  |  et  «*/. 
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Algiers,  and  120  kil.  of  44  mottled  grey"  pig-iron  from  Sollenzara  in 
Corsica.    The  pig-irons  contained  the  following  ingredients  per  cent. : 

Alleilk.  Sollenzara.  Mean  of  the  charge. 

Carbon                         3  05  4  20  3  980 

Silicon                         1  13  2*06  1-658 

Manganese                    211  traces  1055 

The  sulphur  was  not  quantitatively  determined,  but  was  present  only 
in  minute  proportion.  Neither  phosphorus  nor  copper  was  detected. 
The  bed  of  the  furnace  was  44  fettled  "  at  a  white  heat  with  from  20  kil. 
to  25  kil.  of  hammer-slag  and  roll-scale.    The  time  occupied  in  the 


various  manipulations  is  as  under  : — 

Mtnutos. 

1.  Repairing  bed,  charging,  etc   7 

2.  Fusion...   40  to  45 

3.  Mixing  molten  metal  ami  cimler  together   25  to  30 

4.  Rabbling,  t  rll rvmrenee    20  to  25 

5.  Railing  up    0  to  8 

Time  lout  between  two  consecutive  charges    5 


Total  I*  43-  to  2fc 


When  the  work  is  well  conducted  upon  a  bed  made  with  the  oxide  of 
iron  resulting  from  working  oft*  scrap-balls,  the  loss  ui>on  the  charge  of 
pig-iron  may  amount  only  to  4%  or  5%,  and  at  the  maximum  it  does 
not  exceed  10%  or  12%.  The  consumption  of  coal  varies  from  130  to 
150  for  100  of  steel,  and  with  inferior  coal  it  reaches  from  100  to  180. 

Analyses  op  thb  Cindek. 


I. 

II. 

n 

I. 

IV. 

14  50 

17  50 

15 

00 

14  50 

83- 12 

8114 

82 

00 

83*50 

Oxide  of  manganese...! 
Traees  of  other  bases..] 

238 

1-36 

3 

00 

2-00 

100  00 

100*00 

100 

00 

100-00 

1.  It  was  taken  out  at  the  end  of  the  second  period  (see  foregoing 
table  of  time  consumed  in  the  successive  manipulations),  when  the  bath 
was  perfectly  liquid,  and  slightly  undulated  by  the  disengagement 
of  some  gaseous  bubbles.  II.  It  was  taken  out  ^  hour  afterwards, 
thickening  not  having  yet  occurred,  and  the  effervescence  having  ranch 
diminished.  III.  It  was  taken  out  25  or  30  minutes  after  the  last,  the 
effervescence  being  at  its  maximum  ;  the  pig-iron  and  the  cinder  could  no 
longer  be  removed  separately,  and  they  were  subsequently  assorted 
when  cold.  IV.  This  was  the  cinder  remaining  in  the  furnace  after 
the  completion  and  removal  of  the  balls.  The  mean  ratio  between  the 
oxygen  of  the  silica  and  that  of  the  bases,  is  from  1  :  2  to  2  o.  These 
results,  Lan  observes,  show  that  the  cinder  changes  extremely 

little 

in  composition,  and  that  it  is  extraordinarily  rich  in  oxide  of  iron.  It 
is  to  be  regretted  that  Lan  should  not  have  presented  us  with  analyses 
somewhat  more  elaborate ;  and  it  would  have  been  satisfactory  to  have 
had  the  assurance  that  these  cinders  contained  no  sesquioxide  of  iron, 
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which  I  suspect  they  may  have  done.  The  use  of  such  rich  cinder 
(i.  e.  rich  in  oxide  of  iron)  is  directly  opposed  to  the  statement,  for 
example,  of  Fcnffe,  that  one  of  the  essential  differences  between  the 
puddling  of  steel  and  iron  is  the  poorer  cinder  (scories  plus  ernes)  em- 
ployed for  the  former.4 

Analysis  of  Puddled  Steel. 


Carbon,  combined   1*380 

Carbon,  graphitic    trace 

Silicon   0-006 

Sulphur   

Phosphorus   trace 

Manganese   0  ■  0 1  2 


Puddled  steel  from  Konigshiitto,  with  M  rose  "  fracture.  By  \V. 
Brauns.* 

Special  Modifications  in  the  Process  of  Puddling  Steel. 

The  addition  of  nostrums,  of  various  kinds,  during  the  operation  of 
puddling,  has  been  proposed  ;  and,  as  might  have  been  anticipated, 
there  is  much  division  of  opinion  as  to  their  effect.  Steel-improving 
doctors,  with  pretended  mysteries,  have  sprung  up  copiously  of  late. 

Schlegel  and  Midler,  in  their  patent  previously  referred  to,  prescribe 
the  following  mixture,  and  how  it  should  bo  administered : — M  The 
pig-iron  should  be  melted  down  at  a  strong  heat,  and  after  it  has 
become  uniformly  liquid,  the  temperature  should  be  somewhat  reduced. 
The  refined  pig  iron  soon  begins  to  boil,  and  at  this  stage  the  special 
materials  should  be  added.  These  consist  of  a  mixture  of  lamp-black, 
not  too  finely  pulverized,  ox-hoofs  hacked  in  pieces  about  half  a  cubic 
inch  in  size,  and  finely  ground  common  salt.  For  350  lbs.  of  pig-iron 
should  bo  used  5  lbs.  of  lamp-black,  4  lbs.  of  hoofs,  and  1  lb.  of  com- 
mon salt.  This  mixture  is  to  be  divided  into  about  12  parts  and 
wrapped  up  in  paper  parcels,  which,  during  the  boiling,  are  to  be 
successively  introduced  and  immediately  stirred  well  in  with  the 
molten  metal.  At  this  stage  the  temperature  should  be  kept  moderate, 
the  damper  being  down  as  closely  as  possible  in  order  to  lessen  tho 
draught."8 

According  to  Tunner,  in  making  the  commonest  puddled  steel,  clay 
is  often  employed,  or  more  frequently  instead,  quartzose  or  argillaceous 
iron  ores,  which  render  the  cinder  less  rich ;  but  he  recommends  as 
preferable,  substances  analogous  to  **  Schaf hiiutl's  patent  powder," 7 
brown  iron-ore  and  common  salt.  Tunner  supposes  that  tho  brown 
iron-ore,  in  the  first  period  of  the  rabbling,  evolves  free  oxygen  (from 


4  Op.  cit.  p.  65.  black  oxide  of  manganese  (MnO'),  3f  lbs. 

*  Wagner,  Juhres-Bericht.  18G1,  p.  75.  of  well-dried  common  salt,  and  10  ozs.  of 

6  Jahrbuch,  Tunner,  1853.  3.  p.  282.  well-washed  potter's  clay.    This  mixture 

"  This  powder  was  patented  A.D.  1835,  is  to  be  melted  with  3$  cwts.  of  pig-iron 

May  13  fNo.  C837).  It  was  used  in  the  in  the  boiling  process  of  puddling;  and  it 
manufacture  of  malleable  iron.    It  con-  I  is  recommended  to  add  it  in  three  succcs- 

sisted  of  an  intimate  mixture  of  If  lb.  of  sive  portions. 
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the  oxide  of  manganese  contained  in  it),  which  acts  energetically  like 
a  blast  of  air  in  (separating  foreign  matters,  and  that  the  residual 
protoxide  of  manganese  tends  to  foim  a  thinly  liquid  cinder,  although 
sumo  of  this  oxide  must  be  reduced  in  order  to  be  beneficial  in 
the  production  of  steel.  The  common  salt,  Tunner  thinks  there  is 
no  doubt,  acts  advantageously  by  disengaging  chlorine,  which  causes 
"  many  of  tho  noxious  ingredients  of  the  pig-iron  "  to  volatilize  ;  whilst 
its  base,  by  partially  combining  with  alumina,  renders  the  cinder  liquid. 
Moreover,  the  soda  contributes  essentially  to  the  formation  of  cyanogen, 
44  whereby  the  formation  of  steel,  by  means  of  cementation,  especially 
after  tho  termination  of  the  rabbling  period,  is  greatly  promoted."* 

Tho  mode  of  action  of  common  salt,  as  explained  by  Tunner,  is  not 
so  clear  as  he  seems  to  suppose.  What  are  the  "  noxious  ingredients" 
alleged  to  be  volatilized  by  the  free  chlorine  ?  Are  they  sulphur  and 
phosphorus  ?  If  so,  they  must  escape  in  combination  with  chlorine. 
But  it  would  be  desirable  to  ascertain  by  experiment  the  action  of 
molten  pig-iron  on  the  chlorides  of  these  elements.  Chloride  of  sodium 
is  readily  decomposed,  at  a  high  temperature,  by  the  action  of  free 
silica  and  the  vapour  of  water,  with  the  formation  of  hydrochloric 
acid  ;  and  it  is  at  least  probablo  that  at  a  high  temperature  chlorine 
and  silicate  of  soda  would  be  formed  under  tho  combined  influence  of 
silica  and  the  free  oxygen  evolved  from  the  peroxide  of  manganese ; 
notwithstanding  Gruner  asserts  that  "  it  is  easy  to  prove  that  oxygen 
alone  is  disengaged  under  these  conditions." 9 

Gruner  has  endeavoured  to  ascertain  what  becomes  of  the  soda  in 
this  process,  from  the  analysis  of  the  cinder  of  a  steel  puddling  furnace 
in  which  common  salt  had  been  used.  Tho  cinder  flowed  like  water, 
but  solidified  pretty  quickly.    It  had  the  following  composition  : 

Oxj'Rpn. 


Protoxide  of  manganese. 

0-4 

.......  0-4 

  1-8 

998 

The  soda  was  sought  for  with  care,  and  determined  successively  as 
carbonate  and  sulphate.  Gruner  does  not  state  whether  he  sought  for 
the  presence  of  chlorine  in  the  cinder,  and  this  is  obviously  a  point 
which  should  also  have  been  carefully  ascertained.  The  cinder  con- 
tained scarcely  sensible  traces  of  sulphur.  Soda,  in  the  proportion 
of  1  0/o,  should  increase  the  liquidity  of  the  cinder,  and  tend  to  abstract 
the  silicon,  phosphorus,  and  even  sulphur  from  the  pig-iron.  But  these 
are  points  which  must  be  nettled  by  experiment,  and  not  left  to  con- 
jecture. And  the  same  may  be  remarked  of  Tunner's  supposition, — 
for  it  is  nothing  more,— that  chloride  of  sodium  may  be  useful  in 

K  Jahrbucli,  1853.  3.  p.  291.  9  Annules  des  Mines,  1859.  15.  p.  315. 
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furnishing  soda,  and  so  in  promoting  tho  formation  of  cyanogen  in  the 
manner  previously  described.  Tunner,  however,  is  of  opinion  that 
soda  in  this  respect  plays  a  part  of  the  highest  importance,  if  it  be 
desired  to  produce  the  hardest  puddled  steel ;  and  he  maintains  that 
potash  would  act  still  more  energetically  in  the  same  way,  an  opinion 
founded  on  experiments  on  the  large  scale  upon  the  production  of  steel 
by  cementation.  That  cyanogen,  or  some  compound  of  this  radical, 
may  be  really  potent  agents  in  certain  operations  relating  to  steel,  can 
no  longer,  I  think,  be  doubted ;  but  whether  common  salt  in  the  pud- 
dling of  steel  acts  as  Tunner  supposes,  can  only  be  decided  by  accurate 
experimental  investigation,  which  demands  the  greatest  analytical 
skill.  It  is  well  observed  by  Tunner,  that  most  of  the  mysteries  of 
steel-puddlers  consist  essentially  in  the  use  either  of  cyanogen  com- 
pounds, or  of  nitrogenous  matters  capable  of  yielding  cyanogen  at  high 
temperatures. 

In  illustration  of  tho  last  statement,  the  following  patonted  processes 
niay  be  adduced. 

KhnftaWs  jmtent.1 — Iron  is  to  bo  converted  into  steel  by  cementation 
with  a  mixture  prepared  by  heating  to  redness— sal-ammoniac  1  oz., 
borax  1  oz.,  alum  1  oz.,  fine  salt  1  quart.  The  mixture,  on  ceasing  to 
smoke,  is  allowed  to  cool,  and  then  pulverized.  Tho  powder  is  boiled 
with  a  liquid  composed  of  1  quart  of  vinegar  and  2  quarts  of  urine, 
mixed  with  strong  soot  4  quarts,  pulverized  burnt  leather  2  quarts, 
burnt  horse-hoof  2  gills,  and  fine  salt  1  pint,  and  tho  whole  is  after- 
wards evaporated  to  dryness.  Tho  residue  is  to  bo  sifted  fine,  and 
mixed  with  the  other  compound  first  prepared.  The  quantities  above 
stated  are  sufficient  for  about  1  cwt.  of  iron. 

Holland's  patent. — Silk  waste  of  every  kind,  including  that  left  on  tho 
cocoons  of  silkworms,  with  the  contained  chrysalises  after  winding  oft' 
the  silk,  is  to  be  torrefied  or  highly  dried  without  being  carbonized, 
and  then  ground  to  fine  powder.  Iron  bars  may  bo  converted  into 
steel  by  cementation  in  this  powder  ;  or  even  iron-ores  may  be  so 
converted  by  melting  them,  properly  prepared  with  layers  of  this 
powder,  in  crucibles.* 

Boidlet's  patent* — Iron  is  cemented  with  a  substance  consisting  of 
sugar,  horn-dust  or  shavings,  animal  fat  or  blood,  and  wood-charcoal 
dried  and  pulverized. 

Patent  in  the  name  of  Brooman? — Iron  is  melted  in  pots  with  compounds 
of  cyanogen  and  sal-ammoniac.  A  mixture,  consisting  of  10  ozs.  of 
charcoal,  6  ozs.  of  common  salt,  i  oz.  of  brick- dust  or  oxide  of  man- 
ganese, 1  oz.  of  sal-ammoniac,  and  i  oz.  of  ferrocyanide  of  potassium, 
is  melted  in  crucibles  with  50  lbs.  of  iron. 

Thomas's  patent*—  A  mixture,  consisting  of  16  parts  by  weight  of 


1  For  converting  Iron  into  Steel.  Na- 
thaniel Kimball.  A.D.  1825,  Oct.  13. 
No.  52G3.    Abridgments,  p.  31 . 

*  John  Holland,  A.D.  1849.  July  18. 
No.  12,705. 

3  Jean  F.  J.  A.  Boulht.  A.D.  1S54, 


Oct.  II.    No.  2174. 

4  A  communication,  A.D.  1850, Feb.  12. 
No.  359.    Abridgments,  p.  218. 

5  A  communication,  George  dimming 
Thomas,  A.D.  185)j,  Sept.  3.    No.  2039. 
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common  salt,  3  of  ferrocyanide  of  potassium,  1  of  bichromate  of  potash, 
and  4  of  pulverized  animal  charcoal,  is  used  as  a  cementing  powder  or 
added  to  molten  iron  (!),  in  the  proportion  of  1  to  40  of  iron. 

Biiikiis  patent.* — Cyanogen  or  ammoniacal  compounds,  or  a  mixture  of 
their  elementary  constituents,  are  claimed. 

Bints' s  second  patent.7 — Cyanogen  compounds  are  again  claimed  by 
this  patentee.  Currents  of  nitrogen,  carbonic  oxide,  and  ammonia,  or 
ammonia  alone,  are  to  be  passed  through  decarburized  molten  iron. 

It  is  needless  to  remark  that  if  anything  like  discrimination  had 
been  exercised  by  the  law  officers  of  the  Crown  with  reference  to 
be v oral  of  these  patents,  they  would  never  have  been  granted. 

With  regard  to  tho  addition  of  clay,  Gruner,  probably  with  reason, 
declares  it  to  be  worse  than  useless;  and  he  further  states  that  it  has 
now  nearly  everywhere  been  abandoned. 

Of  all  the  patents  granted  with  reference  to  tho  manufacture  of  iron 
or  steel,  one  of  tho  most  extraordinary  is  that  of  Mr.  Charles  Low.* 
Cast-steel  is  to  1h>  made  by  fusing  malleable  iron  in  crucibles  with  a 
mixture  of  about  42  pails  by  weight  of  black  oxide  of  manganese,  8  of 
plumbago,  14  of  charcoal,  and  2  of  nitre  !  The  operation  would  probably 
be  interesting  as  a  pyrotechnic  display. 

Uchativs'b  Process. 

This  process,  which  was  patented  in  1855,  consists  essentially  in 
effecting  partial  decarburization  of  pig-iron  by  fusion  in  contact  with 
oxide  of  iron,  or  other  substances  capable  of  yielding  oxygen.'  The 
pig-iron  is  granulated  by  running  tho  molten  metal  into  cold  water. 
The  granulated  metal,  being  mixed  with  about  20%  of  nested  pul- 
verized spathic  iron-ore  and  4°/0  of  fire-clay,  is  fused  in  clay  crucible* 
in  an  ordinary  cast-steel  furnace.  The  finer  the  pig-iron  is  granulated, 
tho  softer,  or  what  is  equivalent,  tho  more  decarburized,  will  be  the 
steel,  t.  e.  with  a  given  proportion  of  oxide  of  iron.  The  softer  sorts  of 
welding  cast-steel  may  be  obtained  by  an  addition  of  good  wrought- 
iron  in  small  pieces,  and  the  harder  sorts  by  adding  charcoal  to  the 
mixture  above  described. 

Tho  theory  of  the  process  is  so  obvious  as  scarcely  to  need  a  word  of 
explanation.  The  carbon  in  tho  pig-iron  is  partially  burned  at  the 
expense  of  tho  oxygen  of  tho  intermixed  iron-ore,  and  escapes  as 
Carbonic  oxide,  an  equivalent  proportion  of  iron  being  reduced.  The 
quantities  of  pig-iron  and  ore  must  be  accurately  adjusted  inonlerthat 
tho  resulting  metal  may  retain  the  proper  amount  of  carbon  to  con- 
stitute- steel.  In  the  partial  decarburization  of  the  pig-iron,  there 
is  loss  in  weight,  but  this  is  far  more  than  compensated  for  by  the 
reduction  of  the  oxide  of  iron  to  the  metallic  state.  The  weight  of 
the  cast-steel  produced  should,  it  is  stated,  exceed  that  of  the  pig  iron 

«  Christopher  Binks,  A.D.  1856,  Nov.  14.  ■  Franz  Uchatius.   An  improve^  h 

No.  2685.  tho  process  of  Manufacturing  Cast  M«- 

'  A.D.  1856,  Nov.  15.    No.  2711.  A.D.  1855,  Oct.  1.   No.  2IS9.  Abridg- 

"A.D.  1844.   May  25.     No.  10,204.  meat*,  p.  203. 
Ahririffincnta,  p.  70. 


Digitized  by  Gc 


UCHATIUS'S  PROCESS. 


803 


employed  by  about  G  %•  It  will  be  observed  that  spathic  iron-ore  is 
recommended,  on  account  of  the  manganese  which  it  contains.  The 
clay  acta  merely  as  a  convenient  flux. 

The  process  has  been  tried  in  this  country,  and  the  objection  parti- 
cularly urged  against  it  is  the  uncertainty  in  the  quality  of  the  cast- 
steel.  But  in  Sweden,  I  am  informed  on  good  authority,  it  is  practised 
with  success  by  C.  1?.  Ulff,  Hedemora,  Wikmanshyttan,  Dalecarlia, 
specimens  of  whose  Uchatius  steel  were  shown  in  the  Swedish  depart- 
ment of  the  International  Exhibition  of  1862.1  This  steel  is  reported 
to  bo  excellent  for  sword  blades.  In  1862  its  selling  price  was  from 
50/.  to  60/.  per  ton.  It  was  made  by  melting  pig-iron  with  Bispberg 
magnetic  iron-ore  and  charcoal  in  clay  cmcibles  of  Belgian  manu- 
facture, the  ore,  it  is  stated,  being  remarkable  for  its  purity. 

The  alleged  want  of  uniformity  in  the  cast-steel  produced  by  this 
process,  must,  I  presume,  mainly  depend  on  the  want  of  uniformity  in 
the  size  of  the  particles  of  the  granulated  pig-iron ;  and  if  so,  this 
might  be  met  by  the  centrifugal  method  of  granulating  metals,  of 
which  the  Baron  do  Kostaing  showed  numerous  interesting  illustrations 
in  the  French  department  of  the  International  Exhibition  in  186*2. 
Granulated  pig-iron  was  presented,  of  which  the  particles  were  of 
various,  but  perfectly  uniform,  dimensions  in  each  sample.  There  is 
nothing  new  in  the  granulation  of  pig-iron,  even  with  the  aid  of  cen- 
trifugal force.  Thus,  in  a  patent  granted  to  John  Wood  in  1701,*  one 
claim  is  for  melting  down  pig-iron  in  an  air-furnace,  and  reducing  it 
'*  into  small  grains  (according  to  art)  by  pouring  it  into  water  upon  a 
wheel  or  roller  turned  briskly  round."  But  not  only  this,  for  Wood 
actually  practised  the  deearburizing  process  of  Uchatius,  as  will  appear 
from  the  following  extract  from  the  specification.  The  granulated 
metal  is.  11  mixed  with  various  fluxes,  according  to  its  nature  and  the 
uses  for  which  the  iron  is  intended,  as  with  iron  slag  or  cinder,  scaled 
[sic]  or  scoria  of  iron  [the  italics  are  mine],  fusible  sand  and  lime,  kelp, 
soaper's  waste."  These  fluxes  or  additions  were  11  put  with  the  granu- 
lated metal  into  close  vessels,"  etc.  The  use  of  cast-iron  in  thin  plates 
broken  into  small  pieces  was  also  claimed.  In  a  subsequent  patent  to 
John  and  Charles  Wood,"  the  use  of  pig-iron  pounded  with  heavy 
stampers  was  claimed,  and  in  other  respects  the  specification  is  similar 
to  the  former.  If  the  pig-iron  were  not  sufficiently  44  flourished  "  or 
11  reduced  "  by  ono  operation,  the  metal  was  to  be  again  pounded  and 
treated  with  the  fluxes  prescribed. 

According  to  Mushet  the  process  of  granulating  pig-iron  was  carried 
on  to  some  extent  at  Cyfartha  many  years  ago.4  The  granulated  or 
shotted  metal  was  called  44  grundy,"  from  the  noise  produced  by  the 
revolution  of  a  largo  horizontal  stone,  placed  in  the  water  pit,  on 


1  No.  65,  Official  Catalogue.  3  Making  cast-iron  malleable,  without 

2  A  way  of  making  malleable  iron  from  cliarcoal  or  blast,  in  an  air-furnace.  A.D. 
nig  or  sow  metal,  commonly  called  cast-  1763,  July  21).  No.  794.  Abridgments, 
iron,  by  a  method  entirely  new.    A.D.  1.  7. 

1761,  Feb.  5.    No.  759.    Abridgments,  4  Papers  on  Iron  and  Steel,  1840,  p.  12. 


p.  6. 


Mushet  says  "  fifty  years  ago. 
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which  the  iron  fell  in  its  descent,  and  by  the  motion  of  which  it  was 
thrown  to  its  extremities,  thus  insuring  greater  regularity  and  a  more 

uniform  size  in  the  form  and  bulk  of  the  granules  The  shotted 

iron  was  introduced  into  large  clay  pots,  along  with  certain  propor- 
tions of  bloomery  cinders,  containing  from  55  %  to  00%  of  the  peroxide 
[sic]  of  iron.  The  pots  were  furnished  with  lids,  and  exposed  in 
an  air  furnace,  heated  with  the  flame  of  pit  coal,  to  a  long  attenuated 

heat   After  a  few  hours'  exposure,  the  cast-iron  being  thus 

deprived  of  its  carbon  or  fusible  principle,  was  rendered  capable  of 
standing  a  higher  temperature,  of  welding  together,  and  of  cohering 
under  the  repeated  blows  and  pressure  of  a  heavy  hammer. 

In  M.  do  Rostaing's  method  of  granulation,  the  apparatus  employed 
consists  of  a  disc  of  cast-iron,  which  revolves  horizontally  at  a  great 
velocity,  2000  revolutions  in  a  minute.  The  disc  is  cast  with  a  rim. 
and  is  filled  in  with  easting  sand  or  other  refractory  matter.  Pig-iron 
is  allowed  to  run  in  a  small  stream  into  a  funnel  immediately  ever 
the  centre  of  the  disc,  and,  by  centrifugal  action,  it  is  projected  in 
globules,  which  fall  at  distances  corresponding  to  their  dimensions. 
The  shotted  metal  is  assorted  by  sifting.*  As  much  as  80  kiLs.  of  pig- 
iron  are  thrown  off  in  less  than  2  or  3  minutes.  *The  operation  takes 
place  in  a  circular  chamber,  at  the  bottom  of  which  is  a  cistern  of 
water.  Impalpable  dust  or  smoke  of  iron  is  produced,  which  is  carried 
into  a  chamber  above  by  currents  of  air,  and  there  deposited.  I  have 
not  been  able  to  obtain  satisfactory  information  as  to  the  cost  of  this 
process — not  oven  from  the  inventor  himself,  with  whom  I  had  an 
interview  on  the  subject.  I  was,  however,  much  impressed  with  the 
beautiful  illustrations  which  he  exhibited. 

Partial  Dkoabburization  of  Fig-Iron  by  Cemkntatios. 

We  have  considered  the  process  of  rendering  cast-iron  to  a  certain 
extent  malleable  by  cementing  it  in  haematite,  and  the  chemical 
changes  which  are  thereby  induced.  So  long  ago  as  1722,  Iieanranr 
published  the  fact  that  the  heating  of  cast-iron  castings  imbedded  in 
red  oxide  of  iron  (Safran  de  Mars,  produced  by  long  continued  expire 
of  cast-iron  plates  to  a  high  temperature  with  access  of  air)  softened 
tho  metal  perfectly,  and  much  more  rapidly  than  all  the  other  matters 
[such  as  chalk,  calcined  bones,  etc.]  which  he  had  tried.*  This  is  the 
process  of  which  the  invention  is  ascribed  to  Lucas  ! 

A  patent  for  this  process  was  granted  to  Samuel  Lucas  in 
Articles  of  cast-iron  are  cemented  during  5  or  6  days  and  nights  m  a 
steel-converting,  or  other  suitable  furnace,  with  "  ironstone,  ore,  ot 

5  Vld  Rapport  fait  par  M.  Oaultier  do    Paris,  18»J2.    No.  C,  1.  p.  343. 
Claubry  au  Qom  du  OomlM  dos  Arts  Chi-       6  LArt  de  comvrtir  lc  For  ■F<J*'  * 
illiquid  Soo.  d'Kncouragcinont  pour  1  In-    Aeier,  ot  1'Art  dadoueir  le  rer  ton 
diutrie  Nati«>na!o\  sur  lo  proocde  do  divi-    1722,  p.  472. 

■ion  ilva  corps  ii  1  Ytat  do  fusion,  present*       »  Separating  impurities  from  cwUmd 
l«r  M.  to  Imron  do  Rostning.    Vid.  also  '  without  fusing  it,  and  renderiugthf 
an  artiolo  on  tho  process  in  tho  Presse    malloablo,  anil  •*  improving  article  ■*» 
Hciontili.iuo  do*  lAux  Mondos.    Rovuo  j  of  cast-iron/'    A.D.  1804,  May  » 
thnvorM  llo  dos  Seioneos  ot  do  I  "Industrie.  !  27<!7.    Abridgments,  p.  IS. 
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some  of  the  metallic  oxides,  lime,  or  any  combination  of  these."  Cylin- 
drical cast-iron  pots  are  commonly  lined  for  the  purpose.  It  is  stated 
that  on  account  of  difficulties,  at  the  time  believed  to  be  insuperable, 
no  use  was  made  of  the  patent  for  a  considerable  time  after  it  was 
granted,  until  Mr.  Thomas  Lucas  of  Chesterfield,  with  the  consent  of 
the  patentee,  his  brother,  took  up  the  process  and  succeeded  by  its 
means  in  producing  cast  cutlory,  which,  according  to  Parkes,  would 
take  as  fine  a  polish  and  as  fine  an  edge  as  articles  of  best  cast-steel.8 

It  is  asserted  on  tho  authority  of  another  writer  that  Lucas's  inven- 
tion 44  was  presently  turned  to  a  large  practical  account;  and  4  tho 
variety  of  new  and  useful  purposes'  to  which  it  might  bo  applied 
were  soon  found  to  include  the  casting  of  all  sorts  of  cutlery  articles 
and  edge-tools,  from  the  largest  to  the  smallest,  with  the  utmost 
facility.  From  that  time  to  tho  present  moment  (18.U)  immense 
quantities  of  wares,  bearing  in  the  trade  the  equivocal  designation  of 
run  steel,  have  been  daily  cast,  and  treated  on  the  principle  of  the  foro- 
mentioned  discovery  ;  without,  however,  the  pig  metal  undergoing 
any  alterative  process  whatever  between  tho  blast-furnace  and  the 
melting-pot.  The  metal  commonly  used  for  the  purpose  is  tho  sort 
drawn  from  the  rich  Cumberland  ores."9  Tho  cast  articles  were  placed 
upright  in  small  cast-iron  tubs,  which  were  filled  up  either  with  ground 
red  haematite,  or  more  generally  smith's  scales  (smithy  shirk).  Such  was 
the  malleability  thus  communicated  to  the  cast-iron,  that  the  author  had 
seen  it  drawn  out  by  hammering  to  the  fineness  of  a  knitting-needle. 
Tho  process  is  still  largely  employed  in  Birmingham  for  bridle  bits, 
stirrups,  etc. ;  and  the  usual  selling  price  is  about  3cY.  or  4rf.  per  lb.  Of 
late  Messrs.  Brown  and  Lenox  have  patented  the  application  of  this 
metal,  44  malleable  east-iron,"  for  tho  manufacture  of  pulley  blocks, 
which  have  been  introduced  into  the  navy.  A  few  months  ago  I  saw 
excellent  specimens  of  them  at  Woolwich  Dockyard  ;  but  I  was  informed 
that  the  selling  price  was  Is.  2d.  per  lb.,  or  at  the  rate  of  130/.  per  ton, 
the  original  cast-iron  costing  only  8/.  or  9/.  per  ton. 

In  1759  Lewis  published  the  fact  that  44  Pure  cast-iron,  surrounded 
with  animal  ashes,  and  exposed  to  a  fire  not  sufficient  to  melt  it, 
becomes  in  a  shorter  or  longer  time,  according  to  the  strength  of  the 
fire  and  the  thickness  of  (he  metal,  so  soft,  that  ornaments  or  utonsils 
made  of  it,  however  hard  before,  may  now  be  easily  cut,  filed,  em- 
Itellished,  or  freed  from  their  superfluities.  Tho  gradual  changes, 
produced  in  this  process,  are  pretty  remarkable." 4 

PRODUCTION  OF  STEEL  BY  FUSION  OF  PIG  IRON  WITH 

MALLEABLE  IRON. 

It  is  obviuiis  that  steel  must  be  produced  by  melting  malleable 
iron  and  cast-iron  together  in  suitable  proportions.    Early  in  tho  last 

*  Emy  on  Edge  Tuoln.  Parkes's  Che-  rnunn,  M.D  .  Professor  of  Chemistry  at 
iui.  nl  Etuuys.    Ihl5.  4.  p.  519.  Berlin,  F.R.8.,  etc    Abridged  and  me- 

'*  Manufactures  in  Metal.  Lardncr's  thodized,  etc.,  by  William  Lewis,  M.B., 
Cal.inet  CyclojKtlia.    1831.  1.  p.  268,       I  F.R.8.  17.">i>.p.  77. 

1  The  Chemical  Works  ot  Caspar  Ncu-  | 
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century  Reaumur  published  the  fact  that  he  had  been  very  successful 
in  making  steel  in  this  manner  in  a  common  forge.  He  writes,  "  I 
havo  mixed  sometimes  a  quarter,  and  sometimes  a  third  of  iron  with 
pig-iron.  " 

In  1855  a  patent  was  granted  to  David  Simpson  Price  and  Edward 
Chambers  Nicholson  for  44  Improvements  in  the  Manufacture  of  Cast- 
Steel,"  •  by  which,  it  is  alleged,  a  superior  quality  of  cast-steel  may  t»e 
produced  from  iron,  smelted  either  by  coal,  anthracite,  or  coke,  at  a 
less  cost  than  hitherto  obtained.  The  invention  consists  simply  in 
melting  refined  pig-iron  with  suitable  proportions  of  any  kind  of  mal- 
leable or  wrought-iron.  The  refined  metal  preferred  by  the  patentees 
is  that  made  by  smelting  with  cold  blast  hamiatitic  or  spathic  ores, 
and  refined  so  as  to  have  lost  the  whole  or  nearlv  the  whole  of  its 
silicon,  and  as  little  of  its  carbon  as  possible.  This  refined  metal  is 
stated  to  be  more  free  from  impurities,  especially  silicon,  than  either 
charcoal  or  coke  pig-iron,  whilst  the  proportion  of  carbon  in  it  is 
about  the  same  as  existed  in  the  pig-iron  from  which  it  was  made ; 
and  hence  it  is  regarded  as  a  material  well  adapted  for  th«  manu- 
facture of  cast-steel.  The  patentees  do  not  confine  themselves  to  any 
particular  proportions  in  the  admixture  of  wrought-iron  and  refined 
metal,  or  to  any  particular  mode  of  effecting  the  mixture. 

Shortly  after  the  date  of  this  patent  Mr.  Gentle  Brown  obtained  a 
patent  for  the  manufacture  of  cast-steel  by  fusing  bar-iron,  cut  or 
clipped  into  small  pieces,  with  good  charcoal  pig-iron,  in  the  propor- 
tion of  about  3  parts  of  the  former  to  1  of  the  lattor.4  But  these  pro- 
portions are  varied  somewhat  according  to  the  quality  of  steel  desired. 

In  18<i2  a  patent  was  granted  to  Charles  Attwood,*  of  Tow  I^w 
Iron-works,  Durham,  for  "Improvements  in  the  Production  or  Manu- 
facture of  Steel  and  Iron  of  a  Steely  Quality."  The  essence  of  this 
patent  consists  in  melting  together  malleable  iron  and  cast-iron,  by 
whatsoever  manner  produced.  Spiegeleisen  is  preferred  as  4'  the  kind 
best  fitted "  for  the  purpose,  44  where  excellence  and  uniformity  of 
quality  in  tho  steel  or  steely  iron  intended  to  be  produced  is  espe- 
cially desirable."  It  is  certain  that  steel  well  adapted  for  many  objects 
may  1x3  thus  made  ;  but  spiegeleisen  is  only  a  particular  variety  of 
cast-iron,  aud  is  necessarily  included  under  that  generic  term ;  and 
east-iron  had  been  long  previously  employed  for  exactly  the  same 
purpose.  Tho  varieties  of  cast-iron  in  the  form  of  pig-iron  in  com- 
merce arc  exceedingly  numerous ;  and  a  patentee  should  hardly  be 
permitted  to  monopolize  a  few  of  these  varieties  for  the  object  in 
question,  after  the  application  of  cast-iron  for  the  same  object  has 
been  well  known  and  practised.  But  spiegeleisen,  I  am  informed, 
has  been  for  somo  time  pretty  extensively  used  in  Germanv  for  the 
production  of  stool  in  the  manner  specified  by  Mr.  Attwood.  More- 
over, amongst  tho  various  claims  of  Mr.  Attwood  is  44  the  admixture 

2  I/Art  «le  rorm  rtir  le  Fcr  Forge  cn    AhriiUrmmts,  p.  215. 

Ader.    1722.  p.  25<i.  >  A.I).  1862.     Dutod  May  15th,  ;*rvl 

3  A.I>.  is.,;,.  NT,,v.  20.    No.  2619.  nmU*I  Aux.  15th  of  tho  tame  year.  N<«- 
A.  I),    is.*;,  Jan.    25.       No.   205.  iit:v 
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and  fusion  togothor  of  malleable  bar  or  scrap  iron  with  that  descrip- 
tion of  white  east  metal  or  crude  iron  commonly  called  metal  or 
finer's  metal,  etc."  Now,  this,  it  will  be  remembered,  is  the  essence 
of  Trice  and  Nicholson's  patent  Mr.  Attwood  inserts  in  his  specifi- 
cation a  claim  to  Parry's  carburized  iron  to  be  hereafter  described. 

Immebsion  of  Malleable  Ieon  in  Molten  Cast-iron. 

In  this  place  may  be  briefly  described  an  old  method  of  converting 
malleable  iron  into  steel  by  keeping  it  immersed  in  molten  pig-iron  ; 
though,  perhaps,  it  might  with  more  propriety  have  been  treated  of 
under  the  head  of  Cementation.  It  will  be  remembered  that  in  the 
Paal  process  of  converting  pig-iron  into  steel,  this  principle  is,  in  a 
certain  degree,  acted  upon.  In  1540,  Vanoccio  Biringuccio  published 
the  following  account  of  making  steel  by  keeping  bar-iron  immersed 
in  molten  cast-iron,"  and  for  the  translation  of  which  I  have  pleasure  in 
acknowledging  my  obligation  to  Mr.  Panizzi,  of  the  British  Museum. 

M  Now  with  respect  to  this  matter,  it  might  seem  that  it  should  rather 
be  looked  for  to  speak  of  it  after  the  fusion  of  iron  in  the  ninth  book, 
where  I  think  to  treat  of  it  in  particular ;  yet  as  this  business  of 
making  steel  appears  to  me  a  branch,  as  it  were,  of  the  preceding 
chapter  concerning  iron  proper,  I  have  not  wished  to  displace  it  so  far, 
that  it  should  appear  hereafter  as  another  matter;  therefore  I  have 
made  up  my  mind  to  write  of  it  here,  and  to  tell  you  that  steel  is 
nothing  but  iron  well  purified  by  means  of  art,  and  through  much 
liquefaction  by  fire  brought  to  a  more  perfect  admixture  and  quality 
than  it  had  before.  By  the  attraction  of  some  suitable  substances  in 
the  things  which  are  added  to  it,  its  natural  aridity  is  mollified  by 
somewhat  of  moisture,  and  it  is  made  whiter  and  denser,  so  that  it 
seems  to  be  almost  removed  from  its  original  nature;  and  at  last 
when  its  pores  are  well  dilated  and  mollified  with  much  fire,  and  when 
the  heat  is  driven  out  of  them  by  the  extreme  coldness  of  the  water, 
they  contract,  and  so  the  iron  is  converted  into  a  hard  substance,  which 
from  its  hardness  becomes  brittle.  This  may  be  done  with  every  kind 
of  iron  ore,  and  so  steel  may  be  made  of  all  kinds  of  iron.  It  is  true, 
indeed,  that  it  is  made  better  from  one  kind  than  from  another,  and 
with  one  sort  of  charcoal  than  another,  and  it  is  also  made  better 
according  to  the  skill  of  the  masters.  The  best  iron  to  make  it  good 
is,  however,  that  which,  being  by  its  naturo  free  from  the  corruption 
of  any  other  metal,  is  more  easy  to  melt,  and  which  is  to  a  certain 
extent  harder  than  other  kinds.  With  this  iron  is  put  some  pounded 
marble  or  other  fusible  stones  in  order  to  melt  them  together  ;  by  these 
it  is  purged,  and  they  have,  as  it  were,  the  power  of  taking  away  its 
fermginosity,  of  constricting  its  porosity,  and  of  making  it  dense  and 
free  from  cleavage.  Now,  to  conclude,  when  the  masters  wish  to  do  this 
work  they  take  of  that  iron  passed  through  the  furnace  or  otherwise, 
as  much  as  they  wish  to  convert  into  steel,  and  they  break  it  into  little 

6  De  la  Piroteehiiia.  Stumputu  inVo-  I  n.  4s  of  the  French  Tmnsluiion.  Purid, 
lie-tin.    1540.  Lih.  [.  cup.  7.  p.  IX.  Vitl.  |  i:>5(i. 
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bits,  then  they  prepare  before  the  aperture  of  the  forge  a  circular 
receptacle  about  a  foot  or  more  in  diameter,  made  of  one-third  clay  and 
two-thirds  small  coal  (carbonujia  )  well  beaten  together  with  a  hammer, 
well  mixed,  and  moistened  with  so  much  water  as  will  make  them 
keep  together  when  squeezed  in  the  hand ;  and  when  this  receptacle  is 
thus  made,  in  the  same  way  as  they  make  a  hearth  (ceneraccii),  but 
deeper,  the  aperture  is  prepared  in  the  midst,  which  should  have  a 
little  of  the  nose  turned  down,  so  that  the  wind  may  strike  in  the 
midst  of  the  receptacle.  Then,  when  all  the  space  is  filled  with  char- 
coal, they  moreover  make  round  about  it  a  circle  of  stones  or  soft  rock 
to  keep  in  the  broken  iron  and  the  additional  charcoal  which  they  put 
upon  it,  and  so  they  fill  it  up  and  make  a  heap  of  charcoal  over  it. 
Then,  when  they  see  that  the  whole  is  on  fire,  and  well  kindled,  espe- 
cially the  receptacle,  the  masters  begin  to  set  the  bellows  to  work  and 
to  put  on  some  of  that  crushed  iron  mingled  with  saline  marble  and 
with  ]>ounded  slag,  or  with  other  fusible  and  not  earthy  stones ;  and  so 
melting  this  composition  by  little  and  little,  they  fill  up  the  receptacle 
as  far  as  they  think  fit;  and  having  first  formed  with  the  hammer 
three  or  four  lumps  of  the  same  iron,  each  weighing  30  or  40  lbs., 
they  put  them  hot  into  that  bath  of  melted  iron,  which  bath  is  called 
by  the  masters  of  this  art  the  art  of  iron  ;  and  they  keep  them  thus  in 
the  midst  of  this  melted  matter  with  a  great  fire  about  four  or  six 
hours,  often  turning  them  about  with  a  rod,  as  cooks  do  victuals,  and 
so  they  keep  them  there,  turning  them  again  and  again  in  order  that 
all  that  solid  iron  may  receive  through  its  porosity  those  subtle  sub- 
stances which  are  found  to  be  within  that  melted  iron,  by  virtue  of 
which  the  gross  substances  which  are  in  the  lumps  are  consumed  and 
dilated,  and  the  lumps  become  softened,  and  like  a  paste ;  when  they 
are  seen  thus  by  the  experienced  masters,  they  judge  that  that  subtle 
virtue  of  which  wo  havo  spoken  has  thoroughly  penetrated,  and 
taking  out  one  of  the  lumps  which  appears  best  from  their  experience 
in  testing,  and  bringing  it  under  the  hammer,  they  beat  it  out,  and 
then  throwing  it  suddenly  as  hot  as  they  can  into  the  water,  they 
temper  it,  and  being  tempered,  they  break  it,  and  look  to  see  if  the 
whole  of  it  has  in  every  particle  so  changed  its  nature  as  to  have  no 
small  layer  of  iron  within  it ;  and  finding  that  it  has  arrived  at  that 
point  of  perfection  which  they  desire,  they  take  out  the  lumps  with  a 
large  pair  of  pincers,  or  by  the  ends  left  on  them,  and  cut  them  into 
small  pieces  of  seven  or  eight  each,  and  they  return  them  to  the  same 
bath  to  get  hot  again,  adding  to  it  some  more  pounded  marble,  and 
iron  for  melting,  to  refresh  the  bath  and  increase  it,  and  also  to  restore 
to  it  what  the  fire  may  have  consumed,  and  also  that  that  which  is  to 
become  steel  may,  by  being  immersed  in  that  bath,  be  the  better 
refined ;  and  so  at  last,  when  these  are  well  heated  they  go  and  take 
them  out  piece  by  piece  with  a  pair  of  pincers,  and  they  carry  them  to 
the  hammer  to  lie  beaten  out,  and  they  make  rods  of  them  as  vou  see. 
And  when  this  is  done,  being  very  hot,  and  almost  of  a  white  colour 
from  the  heat,  they  east  them  all  at  once  into  a  stream  of  water  as  cold 
as  possibly  can  be  had,  of  which  a  reservoir  has  been  made,  in  order 
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that  the  rods  may  be  suddenly  cooled,  and  by  this  means  get  the 
hardness  which  the  common  people  call  temper.  And  thus  it  is 
changed  into  a  material  which  hardly  resembles  that  which  it  was 
before  it  was  tempered.  For  then  it  was  only  like  a  lump  of  lead  or 
wax,  and  by  tempering  it  is  made  so  very  hard  as  almost  to  surpass  all 
other  haid  things,  and  it  is  also  made  very  white,  much  more  so  than 
is  the  nature  of  its  iron,  even  almost  like  silver;  and  that  which  has 
its  grain  white,  and  most  minute  and  fixed,  is  of  the  best  sort. 
Among  those  kinds  which  I  know  of,  that  of  Flanders,  and  in  Italy 
that  of  Valcamonica  in  the  territory  of  Brescia,  arc  very  much  praised  ; 
and  out  of  Christendom  that  of  Damascus,  that  of  Cararacnia  and  Laz- 
zimino  (?),  as  well  as  that  of  the  Agiambi  (?).  How  these  people  get 
it,  or  whether  they  make  it  for  themselves,  I  cannot  tell  you  ;  only  I 
havo  been  told  that  they  have  no  other  steel  than  ours,  and  that  they 
file  it  and  knead  it  witli  a  certain  flour  and  make  pellets  thereof,  which 
they  give  to  geese  to  oat,  and  afterwards  they  collect  their  dung 
which  they  reduce  by  fire  and  make  it  into  steel ;  I  have  not  much 
faith  in  this,  but  I  think  that  whatever  they  do,  if  it  is  not  by  the 
virtue  of  the  iron  itself,  it  is  by  virtue  of  the  tempering." 

A  very  similar  description  of  a  process  of  making  steel,  with  addi- 
tional details  and  an  illustrative  woodcut,  is  given  by  Agricola ;  but 
in  some  respects  it  is  obscure.7  It  might  almost  bo  suspected  that  ono 
of  these  authors  had  copied  from  the  other.  Iliringuccio  refers  to 
Georgius  Agricola,  the  German  ;  but  Brunet  does  not  allude  to  any 
published  work  of  the  latter  author  so  early  as  that  of  the  former." 

In  the  Philosophical  Transactions  of  1603  is  a  paper  on  Steel  by 
Dr.  Martin  Lister,  in  which  ho  cites  the  foregoing  description  of  Agri- 
cola, and  adds,  on  the  authority  of  Kircher,  that  the  same  method  of 
making  steel  was  then  practised  in  the  Island  of  Ilva  (Elba),  "a  placo 
famous  from  all  ages,  even  from  tho  times  of  the  Romans,  for  that  metal 
alone,  down  to  our  days." 9 

Tho  author  of  the  Treatise  on  Iron  and  Steel  in  Lardner's  1  Cabinet 
Cyclopedia,'  in  commenting  on  Lister's  paper,  ridicules  tho  notion  of 
making  steel  by  boiling  "  Iron  in  its  own  Sow-metal,  or  Liquid  lion" 
(tho  expression  used  by  Lister,  and  clearly  meaning  molten  pig-iron), 
We  are  informed  that  "  the  notorious  result  of  such  a  course,  whether 
the  articles  were  iron  or  steel,  must  be  precisely  similar  to  what  would 
take  place  were  a  pound  of  candles  to  be  boiled  in  tallow.  Steel,  as  is 
well  known,  is  melted  with  the  greatest  facility  every  day  in  tho  con- 
verting and  refining  establishments ;  and  malleable  iron,  however 
difficult  of  fusion  ;>er  sf,  loses  all  its  obstinacy,  and  presently  runs 
down  in  tho  crucible,  by  admixture  with  a  small  portion  of  cast  metal ; 
it  is  indeed  common  enough  with  a  class  of  casters  afterwards  men- 
tioned to  correct  the  quality,  or  supply  the  deficiency  of  good  pig 
metal,  by  melting  therewith  any  proportion  of  old  iron  that  they  may 

'  Du  Re  Metallicd.    Lib.  IX.    1501.    Temper;  with  a  Guess  at  the  way  the 
p.  311.  Ancient*  used  to  steel  their  Picks  fur  the 

H  Mauuel  du  Lihraire.    IS  1*2.  1.  p.  4:1.     outtiu^  or  hewing  of  Porphvrv.  Scptein- 
■  The  maimer  of  making  Steel,  ami  its    her,  10U3.    No.  203.  17.  p.  £65. 
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think  desirable.  The  tost  of  the  crueible  is  not  always  at  hand  even 
with  the  translator  of  an  ancient  writer  on  metallurgy."  1 

I  am  rather  surprised  that  the  author  of  this  excellent  treatise 
should  have  condemned  the  process  as  absurd,  and  still  more  so  that 
he  should  have  introduced  the  candle  illustration,  which  is  not  in  the 
least  apposite.  It  is  perfectly  true,  as  the  author  states,  that  wrought- 
iron  may  be  readily  melted  with  pig-iron,  but  only  at  high  tem- 
peratures. Now,  the  bath  of  molten  pig-iron  alleged  to  have  been 
used  in  the  ancient  steel  process  consisted  probably  of  highly  car- 
burized  metal  fusible  at  a  comparatively  low  temperature ;  and  in  such 
a  bath  bars  of  wrought  iron  might  certainly  be  immersed  for  a  consi- 
derable period  without  melting  down. 

Decarburization  by  blowing  Atmospheric  Air  through 

Molten  Pig- Iron. 

On  the  15th  September,  1855,  a  patent  was  granted  to  Joseph 
Gilbert  Martien,  of  Newark,  New  Jersey,  United  States  of  America, 
then  residing  in  London,  for  tho  invention  of  "  Improvements  in  the 
Manufacture  of  Iron  and  Steel."  3  As  this  patent  has  excited  consi- 
derable attention  with  reference  to  what  is  termed  the  liessemer  proce**, 
I  present  the  specification  in  extenso  : 

'•This  Invention  has  for  its  object  the  purifying  iron  when  in  the 
liquid  stato  from  a  blast-furnace,  or  from  a  refinery -furnace,  by  means 
of  atmospheric  air,  or  of  steam,  or  vapour  of  water  applied  below,  and 
so  that  it  ma)-  rise  up  amongst  and  completely  penetrate  and  search 
every  part  of  the  metal  prior  to  the  congelation,  or  before  such  liquid 
metal  is  allowed  to  set,  or  prior  to  its  being  run  into  a  reverberatory 
furnace  in  order  to  its  being  subjected  to  puddling,  by  which  means 
the  manufacture  of  wrought-iron  by  puddling  such  purified  cast-iron, 
and  also  the  manufacture  of  steel  therefrom  in  the  ordinary  manner, 
are  improved. 

44  In  carrying  out  my  Invention,  in  place  of  allowing  the  melted 
iron  fiom  a  blast-fumaco  simply  to  flow  in  the  ordinary  gutter  or 
channel  to  the  bed  or  moulds,  or  to  refinery  or  puddling-furnaces, 
in  the  ordinary  manner,  I  employ  channels  or  gutters,  so  arranged 
that  numerous  streams  of  air,  or  of  steam,  or  vapour  of  water  may  be 
passed  through  and  amongst  the  melted  metal  as  it  flows  from  a  blast- 
furnace. 

44 1  prefer,  in  carrying  out  my  Invention,  that  tho  ordinary  process 
of  refining  iron  by  tho  use  of  a  refinery  furnace  should  be  dispensed 
with,  and  that  the  purifying  of  tho  iron  should  be  accomplished  by 
subjecting  tho  melted  iron  from  a  blast-furnace  before  it  is  allowed  to 
congeal  to  the  action  of  streams  of  air  or  of  steam  passed  up  through 
and  amongst  tho  melted  metal ;  at  the  same  time  I  would  state,  that 


1  Manufactures  in  Metal.    1831.    1.  p.  1855.    The  precise  «lates  are  important, 

225.  as  will  he  shown  presently.    The  patent 

-  A  D.  1855.  No.  2082.    Staled  March  ri-ht  was  purchased  by  the  Ebbw  Vak 

11th,  I85b\  and  dated  September  15th,  Iron  Company. 
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where  it  is  preferred  by  others  still  to  resort  to  the  ordinary  refinery 
process  by  remelting,  then  my  Invention  is  to  be  applied  to  the  melted 
metal  as  it  flows  from  such  furnace  to  a  bed  or  moulds,  in  like  manner 
to  what  I  will  now  describe  as  applicable  to  a  blast-furnace.  Tho 
channel  or  gutter  employed  may  bo  of  any  suitable  material ;  but 
I  prefer  it  to  be  of  cast-iron,  the  bottom  part  being  made  hollow 
to  receive  steam  or  air,  or  both.  This  gutter  is  perforated  with 
numerous  holes,  which  I  prefer  to  be  inclined,  so  that  the  streams  of 
air  or  steam  may  be  forced  through  the  melted  metal  (as  it  flows  along 
the  gutter)  in  an  oblique  direction,  but,  by  preference,  in  tho  direction 
in  which  the  metal  flows.  This,  however,  is  not  essential,  as  the 
streams  of  air  or  steam  may  be  passed  directly  up  through  tho  melted 
metal,  or  the  holes  may  be  inclined  in  the  opposite  direction,  so  as  to 
oppose  the  flow  of  the  melted  metal.  When  hot  blast  or  cold  blast  is 
used,  I  prefer  to  connect  the  hollow  bottom  of  the  gutter  with  the  air 
pipes  used  for  supplying  the  blast,  and  when  steam  is  employed  I 
connect  tho  hollow  bottom  of  the  gutter  with  the  boiler  used.  By 
these  means,  the  air  or  steam  introduced  in  the  hollow  bottom  of  tho 
gutter  below  the  metal  will  rise  up  and  be  forced  through  it  in 
numerous  streams;  or,  in  place  of  the  gutter  being  the  means  of  apply- 
ing streams  of  air  below  tho  fluid  iron  as  it  comes  from  a  blast  fur- 
nace, the  moulds  or  bed  into  which  the  melted  iron  is  received  may 
bo  arranged  with  means  for  introducing  air  or  steam  below  tho 
melted  iron,  and  to  divide  such  air  or  steam  into  numerous  streams, 
so  that  the  iron  may  bo  purified  thereby  after  it  has  come  from  the 
blast-furnace  and  before  the  congelation  of  tho  liquid  metal  takes 
place. 

"  The  gutter  or  channel  above  mentioned  may  be  covered  over  lor 
any  part  of  its  length,  and  it  may  be  arranged  in  a  suitable  manner  to 
admit  of  heat  being  applied  to  the  metal  therein  ;  and  such  is  also  the 
case  with  respect  to  the  moulds  or  beds,  in  order  that  heat  may  be 
continued  to  the  fluid  metal  after  it  has  left  the  blast-furnace,  and 
whilst  the  process  above  described  of  purifying  tho  metal  is  going  on. 
The  iron  thus  purified  may  be  allowed  to  cool  in  the  moulds,  or  it 
may  be  run  from  tho  gutter,  channel,  or  receiver  into  a  roverberatory 
or  suitable  furnace,  to  be  highly  heated  therein,  and  may  be  puddled 
in  tho  ordinary  manner. 

44 1  would  remark  that  I  am  aware  that  it  has  before  been  proposed 
to  use  streams  of  steam  in  puddling  and  refinery -fu maces  in  such 
manner  as  to  come  in  contact  with  the  surface  of  the  melted  metal 
therein,  and  it  has  also  been  proposed  to  introduce  steam  below  melted 
iron  when  puddling  the  same.  And  I  mention  these  cases  in  order  to 
state  that  I  make  no  claim  thereto;  but  what  1  claim  is,  the  purifying 
iron  from  a  blast-furnace  or  a  refinery-furnace  while  still  in  a  melted 
state,  as  herein  described." 

Jt  is  perfectly  clear  from  tho  specification  that  the  patentee  did  not 
propose  to  effect  by  his  process  the  conversion  of  pig  iron,  whether 
unrefined  or  refined,  either  into  steel  or  malleable  iron ;  and  it  is 
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equally  clear  that  ho  simply  intended  it  to  be  employed  as  accessory 
to  the  ordinary  process  or  processes  in  common  use  for  effecting  the 
conversion  of  pig-iron  into  malleable  iron.  The  expression  *•  purifying 
iron "  is  ambiguous,  and  I  do  not  know  whether  it  was  meant  to 
signify  merely  decarburization,  or  the  elimination  of  such  matters  as 
silicon,  sulphur,  and  phosphorus.  The  essence  of  the  patent  seems  to 
consist  in  exposing  a  stream  of  molten  pig-iron  in  its  course  to  the  action 
of  jets  of  atmospheric  air,  of  steam,  or  of  a  mixture  of  both,  introduced 
at  the  l*>ttom  or  Mow  the  surface  of  the  liquid  metal.  This,  so  far  as 
relates  to  atmospheric  air,  had  not,  I  believe,  been  previously  done,  at 
least  designedly  or  otherwise  than  accidentally.  The  patentee  emits  not 
the  slightest  hint  to  show  that  he  was  aware  of  the  fact,  that  by 
blowing  atmospheric  air  through  molten  pig-iron  sufficient  heat  would 
lie  developed  to  keep  it  in  a  state  of  liquidity  even  for  a  very  short 
time.  Air  and  steam  are  spoken  of  precisely  as  though  they  were 
similar  agents  and  would  produce  similar  effects;  whereas  their  effects 
would  be  radicallv  dissimilar.  Air  would,  by  oxidizing  both  the 
carbon  and  tlio  iron  of  the  molten  metal,  not  only  maintain,  but 
greatly  raise  the  temperature;  but  steam  would  cause  an  immediate 
reduction  of  temperature  and  tend  speedily  to  solidify  the  molten 
metal.  As  we  shall  presently  see,  Martien  never  either  did  or  con- 
templated doing  what  Bessemer  has  done ;  and  it  is  idle  to  pretend 
the  contrary.  However,  in  October  or  November,  1855,  that  is  two 
or  three  months  prior  to  the  publication  of  Bessemer  s  first  patent,  in 
which  he  first  announced  that  he  could  perfectly  decarbnrize  molten 
pig-iron  by  blowing  air  through  it  without  the  further  application  of 
external  heat,  the  following  remarkable  experiment  was  proposed  and 
conducted  by  Mr.  George  Tarry,  of  the  Ebbw  Vale  Iron-works :  and 
if  an  accident  had  not  unfortunately  occurred,  Bessemer  might  have 
been  shorn  of  his  glory. 

In  the  bed  of  a  reverberatory  furnace  several  wrought-iron  pqx^s, 
about  1  in.  in  diameter,  were  laid  parallel  to  each  other,  and  about 
A  in.  apart,  in  the  direction  of  the  long  axis  of  the  furnace.  The  pipes 
were  all  put  in  connection  with  the  blast  apparatus.  Their  upj>er 
surfaces  were  perforated  with  holes,  about  3  in.  apart,  of  which  there 
wore  about  80  or  100  altogether;  and  wires  having  been  first  stuck  in 
these  holes,  the  pipes  were  covered  solidly  over  with  fire-clay.  When 
the  clay  bottom,  thus  formed,  had  become  dry,  all  cracks  in  it  were 
carefully  filled  up  with  fire-clay  ;  and  when  this  also  had  beconio  dry, 
the  wires  were  pulled  out.  The  furnace  was  very  gradually  heated, 
and  then  about  1 J  ton  of  pig  iron  from  No.  1  blast-furnace,  at  the 
Victoria  Works,  was  run  in,  the  blast  having  been  previously  let  into  the 
pipes.  Vigorous  action  occurred,  when,  by  some  mishap,  the  molten 
metal  escaped  from  the  furnace  into  the  road.  The  then  managing 
director  of  the  works  was  unwilling  that  the  experiment  should  lie 
repeated,  and  the  furnace  was  dismantled,  happily  for  Bessemer. 

\YTo  now  arrive  at  the  consideration  of  the  Bessemer  process,  which 
has  of  late  created  so  much  stir  in  the  iron-making  world.    This  pro- 
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cess  has  been  the  subject  of  numerous  patents,  of  which  the  first  is 
dated  October  17th,  1855.8  The  invention  consists  in  u  forcing  currents 
of  air  or  of  steam,  or  of  air  and  steam,  into  and  among  the  particles  of 
molten  crude  iron,  or  of  remelted  pig  or  refined  iron,  until  the  metal 
so  treated  is  thereby  rendered  malleable,  and  has  acquired  other  pro- 
perties common  to  cast-steel,  and  still  retaining  the  fluid  state  of  such 
metal,  and  pouring  or  running  the  same  into  suitable  moulds."  Molten 
pig-iron  is  run  into  crucibles  previously  heated,  and  contained  within 
a  rectangular  furnace,  having  fire-bars  placed  vertically  at  the  sides, 
and  not  at  the  bottom.  Each  crucible  has  a  tapholo  at  the  bottom, 
through  which  the  metal  is  tapj>ed  into  moulds  in  a  cave  underneath 
the  furnace.  Steam  or  air,  either  separately  or  together,  and  by  pre- 
ference raised  to  a  high  temperature,  is  forced  downwards  through  a 
pipe  which  descends  to  the  bottom  of  each  crucible.  Steam,  it  is 
stated,  coals  Vie  metal,  but  air  causes  a  rapid  increase  in  its  temjyerature,  and 
it  passes  from  a  red  to  an  intense  white  heat.  When  the  metal  is  sufficiently 
decarburized,  it  is  tapped  off.  In  the  increase  of  temperature  here 
recorded  is  the  germ  of  the  invention  to  bo  presently  described. 

In  December  of  the  same  year  Bessemer  obtained  another  patent 
for  "  Improvements  in  the  Manufacture  of  Iron." 4  In  this  currents  of 
air  or  steam  are  directed  to  bo  forced  up  through  molten  pig-iron, 
contained  within  a  suitable  vessel,  by  preference  spherical  or  egg- 
shaped.  This  vessel  may  be  made  of  cast,  or  better  of  wrought-iron 
lined  with  fire-brick ;  and  may  be  suspended  on  axes :  it  should  be 
closed  at  the  top,  with  tho  exception  of  an  opening  for  the  introduction 
of  the  molten  metal,  and  for  the  escape  of  gases  and  sparks  during 
the  passage  of  the  blast  upwards  through  tho  metal.  The  mode  of 
injecting  the  blast  will  be  presently  described.  When  tho  process 
has  been  carried  on  far  enough,  as  is  indicated  by  the  diminished 
fluidity  of  the  metal,  the  vessel  is  turned  on  its  axis,  and  the  metal 
poured  through  a  lip  into  an  iron  mould,  so  as  to  form  ingots  suitable 
for  puddling.  However,  in  tho  specification  of  this  patent,  it  is 
recommended  as  expedient  to  carry  out  44  tho  refinement  of  pig  or 
crude  iron  by  a  single  process,  and  cast  the  same  into  ingots  suitable 
for  rolling  at  once  into  bars  or  rods."  Tho  characteristic  phenomena 
of  the  process,  as  now  perfected,  aro  also  accurately  described.  It  is 
preferred  to  use  steam  only  in  the  early  stage,  if  used  at  all.  It  will 
be  observed  that  steam  is  still  spoken  of  as  a  possible  substitute  for  air 
in  this  process. 

The  next  patent  to  be  considered  is  dated  Feb.  12th,  1856.5  44  Molten 
crude  iron  or  remelted  pig  or  finery  iron  [refined  iron] "  is  converted 
M  into  steel  or  into  malleablo  iron  without  the  use  of  fuel  for  reheating 
or  continuing  to  heat  the  crude  molten  metal,  such  conversion  being 
effected  by  forcing  into  and  among  tho  particles  of  a  mass  of  molten 
iron  currents  of  air  or  gaseous  matter  containing  or  capable  of  evolving 

3  Henry  Bessemer.    "  Improvement*  in    Abridgment?,  p.  210. 
the  manufacture  of  east-steel."   No.  2321.       *  44  Improvements  in  the  manufacture 
Abridgments,  p.  204.  !  of  malleable  or  bar  iron  and  steel."  No. 

*  A.D.  1H55,  Deoanbei  7.    No.  27»I8.  |  Abridgments,  p.  217. 
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sufficient  oxygen  to  keep  up  the  combustion  of  the  carbon  contained  in 
the  iron  till  the  conversion  is  accomplished."  The  process  is  con- 
ducted as  set  forth  in  the  specification  of  the  last  patent  The  ope- 
ration is  stopped  when  the  metal  is  decarburized  to  the  required 
extent.  For  malleable  iron  it  should  be  continued  5  or  10  minutes 
longer  than  for  steel.  If  it  be  desired  to  obtain  steel  of  a  very  superior 
quality,  the  iron  produced  by  this  process  may  be  granulated  in  water, 
and  then  converted  into  steel  by  a  method  of  cementation  which 
Bessemer  previously  proposed.  It  will  be  observed  that  in  this  speci- 
fication the  use  of  steam  is  not  claimed  as  a  substitute  for  atmospheric 
air.  This  is  a  matter  of  importance,  as  it  is  certain  that  steam  could 
not  be  ho  employed  and  produce  the  same  effect  as  atmospheric  air.  If 
the  validity  of  a  patent  depend  upon  the  possibility  of  effecting 
certain  results  by  eeery  method  described  in  a  specification,  then, 
assuredly,  every  patent  in  which  Bessemer  claims  the  use  of  steam  for 
decaiburizing  molten  pig-iron  without  fuel  would  be  invalid. 

A  fourth  patent  granted  to  Bessemer  bears  date  March  15th,  1856, 
and  is  for  modified  apparatus,  the  air  and  steam,  separately  or  together, 
being  again  claimed  ;*  and  ho  obtained  a  fifth  patent  for  improved 
apparatus,  which  bears  date  May  .'list,  185*».  Bessemer  has  year  after 
year  gone  on  patenting  modifications  of  his  apparatus,  and  machinery 
relating  to  the  manufacture  of  iron  and  steel.  Other  persons  also 
have  patented  various  methods  of  bringing  atmospheric  air  in  contact 
with  molten  pig-iron,  and  of  these  some  might  certainly  be  pronounced 
more  colourable  imitations. 

But  there  is  one  patent  which  deserves  special  consideration,  and  to 
which  Bessemer  is  deeply  indebted.  I  allude  to  that  of  Mr.  Itobert 
Mushet,  dated  September  22nd,  185G.7  It  consists  simply  in  the  addi- 
tion of  molten  spiegeleison  to  Bessemer's  decarburized  metal  while 
still  in  a  stato  of  liquidity.  In  attempting  to  produce  steel  by  the 
methods  specified  by  Bessemer,  it  has  hitherto  been  found  very  diffi- 
cult, if  not  impracticable,  at  least  in  this  country,  to  ascertain  with 
certainty  when  decarburization  has  proceeded  to  the  right  extent,  and 
when  therefore  the  blast  should  be  stopped.  Accordingly  the  plan 
now  adopted  is  to  decarburize  perfectly  or  nearly  so,  and  then  add  a 
given  proportion  of  carbon  in  the  state  in  which  it  exists  in  molten 
spiegeleisen,  the  precise  conq>osition  of  which  should  of  course  be 
known.  By  this  addition  the  liquidity  of  the  metal  is  immediately 
much  increased.  Mr.  Mushet  allowed  this  patent  to  become  void  in 
the  third  year.  So  far,  spiegeleisen  has  given  a  value  to  Bcssemers 
process  of  making  steel,  which  certainly  it  did  not  previously  possess, 
It  is  somewhat  singular  that  oven  Bessemer  himself  does  not  conduct 
the  manufacture  of  steel  exclusively  according  to  any  of  his  own  specifi- 
cations. Mr.  Mushet  could  hardly  have  been  awaro  of  the  pecuniary 
value  of  his  patent,  or  he  would  not  have  6o  gratuitously  surrendered 
his  rights. 


n  Improvement*  in  the  manufacture  of 
iron  uiid  steel.  No.  f,30.  Abridgments, 
p.  220. 


'  Improvements  in  the  manufacture-  of 
iron  and  *tiH?L  No.  2219.  A  brid  stents, 
p.  239. 
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In  a  patent  granted  to  Bessemer  in  1801 8  he  alludes  to  ITeath's 
application  of  metallic  manganese  in  the  casting  of  steel,  and  claims 
the  use  of  an  alloy  of  manganese  and  iron,  containing  a  small  pro- 
portion of  silicon,  in  the  production  of  steel  by  his  own  process.  He 
gives  directions  for  preparing  such  an  alloy  by  reducing  conjointly  the 
oxides  of  iron  and  manganese,  whether  artificial  or  native,  in  intimate 
mixture  with  carbonaceous  matter,  and  also  with  silica,  if  it  be  not 
present  in  these  oxides  in  sufficient  quantity.  The  patentee  informs 
us  that  he  has  "  found  that  the  metals  manganese  and  silicium  may  be 
readily  reduced  in  combination  with  so  small  a  quantity  of  iron  as  to 
facilitate  their  application  instead  of  causing  an  inconvenience  by  an 
excess  of  iron  or  carbon  present,  as  in  the  natural  [sic]  alloys  of  these 
metals  with  pig-iron."  Now,  the  discovery  of  Bessemer  concerning 
the  reduction  of  oxide  of  manganese  and  silica  by  carbon  in  the  pre- 
sence of  iron  was  perfectly  well  known  long  anterior  to  the  date  of  this 
patent,  if  not  beforo  ho  was  born ;  and  with  respect  to  the  alleged 
inconvenience  arising  from  the  use  of  the  so-called  4t  natural  alloys," 
it  is  remarkable  that  the  patentee  and  his  licensees  always  employ  ono 
of  these  "  natural  alloys  "  richest  in  manganese,  namely,  spiegeleison. 
Bessemer  does  not  even  mention  the  name  of  Mushet,  or  allude  to  his 
proposal  to  aild  spiegeleisen,  except  by  way  of  disparaging  its  use,  on 
the  ground  of  its  11  causing  an  inconvenience  by  any  excess  of  iron  or 
carbon  present."  In  the  summary  of  claims  set  forth  at  the  end  of  the 
specification,  it  is  singular  that  no  reference  is  made  to  the  employ- 
ment of  the  alloy  in  question. 

At  the  meeting  of  the  British  Association  at  Cheltenham  in  1856, 
Mr.  Bessemer  communicated  a  paper  on  his  process  to  the  Mechanical 
— not  the  Chemical— -Section,  with  the  title,  1  On  the  Manufacture  of 
Iron  and  Steel  without  Fuel.' 9  This  paper  excited  much  attention, 
and  was  the  first  really  public  announcement  of  the  invention ;  but 
anything  more  erroneous  than  its  title  cannot  well  bo  conceived.  The 
pig-iron  to  be  converted  is  both  smelted  with  fuel,  and  again  melted 
with  fuel  before  it  is  treated  by  Mr.  Bessemer.  Towards  the  end  of 
1856  I  had  the  pleasure  of  seeing  the  process  in  operation  at  Baxter 
House,  where  Mr.  Bessemer  then  resided,  and,  I  confess,  I  never  wit- 
nessed any  metallurgical  process  more  startling  or  impressive.  After 
the  blast  was  turned  on,  all  proceeded  quietly  for  a  time,  when  a  volcano- 
like  eruption  of  flame  and  sparks  suddenly  occurred,  and  bright  red- 
hot  scori©  or  cinders  were  forcibly  ejected,  which  would  have  inflicted 
serious  injury  on  any  unhappy  bystanders  whom  they  might  perchance 
have  struck.  After  a  few  minutes  all  was  again  tranquil,  and  the 
molten  malleable  iron  was  tapped  off.  At  first  I  doubted  whether  the 
metal,  which  I  saw  flowing,  was  actually  malleable  iron ;  and  after  the 
analysis  in  my  laboratory  of  a  portion  of  this  identical  iron,  and  the 
detection  in  it  of  somewhat  exceeding  1  %  of  phosphorus,  my  scep- 


s  Manufacture  of  malleable  iron  and  I  9  Brit.  Ann.  Rep.  1856.  p.  1G2.  The 
6t4HA.    A.D.  18«1,  Feb.  1.   No.  275.       |  title  only  is  given. 
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tieism  was  rather  confirmed  than  otherwise.  However,  I  soon  became 
convinced  that  Mr.  Bessemer  was  correct  in  asserting  that  he  had 
succeeded  hy  his  process  in  producing  a  temperature  higher  than  ever 
44  before  attained  in  metallurgical  operations,"  sufficient,  indeed,  to 
render  malleable  iron  as  liquid  as  water.  The  mass  of  metal  in  this 
case  is  not  heated,  as  usual,  from  without  under  comparatively  unfa- 
vounible  conditions,  but  active  combustion  takes  place  everywhere 
in  the  mass  itself  under  conditions  the  most  favourable  possible  for  the 
development  of  high  temperatures.  Mr.  Bessemer  was  not  the  dis- 
coverer of  the  fact  that  iron,  when  heated  to  a  certain  degree,  say 
bright  redness,  might  be  raised  to  a  much  higher  temperature  by 
exposure  to  a  blast  of  cold  air,  the  additional  heat  resulting  from  the 
rapid  oxidation  of  the  metal.  We  have  seen  that  the  nailers  in  some 
localities  use  a  blast  expressly  with  this  object.  Now,  if  solid  iron 
could  be  thus  heated,  the  same  result  might  reasonably  have  been 
predicated  with  respect  to  molten  pig-iron ;  but  I  am  not  aware  that 
it  ever  was,  or  if  it  had  been,  it  was  never  applied. 

Mr.  Clibborn  has  recently  communicated  to  the  Hoyal  Irish  Academy 
an  interesting  paper,  in  which  he  endeavours  to  prove  that  th«- 
Jaj>aneso  forestalled  Bessemer  300  years  ago.1    In  the  English  version 
of  Mandelslo's  Travels,  published  in  London  in  l*>6i>,  it  is  stated 
(p.  K>0)  that  u  They  (the  Japanese)  have,  among  others,  a  particular 
invention  for  the  melting  of  iron,  without  the  using  of  fire,  casting  it 
into  a  tun  done  about  on  the  inside  with  about  half  a  foot  of  earth, 
where  they  keep  it  (melting*)  with  continual  blowing,  and  take  it  out 
by  ladles  full,  to  givo  it  what  form  they  please,  much  better  and  more 
artificially  than  the  inhabitants  of  Liege  are  able  to  do."  Although 
the  description  is  very  defective,  yet,  1  think,  it  is  sufficient  to  justify 
the  conclusion  that  the  Japanese  method  differed  at  least  in  two 
essential  respects  from  that  of  Bessemer.    The  first  is  that  the  air  was 
not  blown  up  through  molten  pig-iron;   for,  if  it  had  been,  the 
emption,  so  characteristic  of  the  Bessemer  process,  would  speedily 
have  occurred,  and  would  certainly  have  attracted  the  attention  of 
the  traveller,  who,  however,  makes  not  the  slightest  allusion  to  it. 
The  second  is  that,  supposing  the  molten  pig-iron  to  have  become 
decarburized,  it  could  not  have  been  cast  into  sound  articles,  in  the 
manner  described.    With  regard  to  the  second  part  of  Mr.  Clibborn'!* 
paper,  the  author  was  not  aware  that  the  nailer's  process  of  increasing 
the  temjveraturo  of  bright  red-hot  iron  by  exposure  to  a  strong  cold 
blast  of  air  had  been  previously  published  ;  but  in  p.  14  of  this 
volume  I  have  noticed  the  fact  of  such  publication  and  given  the 
references. 

It  may  be  interesting  to  the  reader  to  have  Mr.  Bossemer's  own 


t  May  2<;tli.    I«<i2.      Oa  the  partial  l>orn. 

combustion  of  fluid  iron,  described  by  2  The  context,  according  to  Mr.  Clib- 

Mandflslu  in  1< and  of  *olid  iron,  now  horn,  shows  that  tliis  word  was  m.d*r- 

pnhlicly  practised  in  Dublin  by  meant*  of  stood.    I  have  not  cnnsultr-d  th*1  origW 

u  Iduat  of  common  air.    Hy  Edward  Chb-  work. 
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description  of  the  phenomena  accompanying  his  process:  it  is  as 
follows  * — The  converting  vessel  having  been  heated  and  charged 
with  molten  pig-iron  in  the  manner  to  be  presently  described,  and  the 
blast  let  on,  "  the  process  is  thus  in  an  instant  brought  into  full  ac- 
tivity, and  small  though  powerful  jets  of  air  spring  upward  through  the 
fluid  mass.  The  air  expanding  in  volume,  divides  itself  into  globules, 
or  bursts  violently  upwards,  carrying  with  it  some  hundred  weight  of 
fluid  metal,  which  again  falls  into  the  boiling  mass  below.  Every  part 
of  the  apparatus  trembles  under  the  violent  agitation  thus  produced,  a 
roaring  flame  rushes  from  the  mouth  of  the  vessel,  and  as  the  process 
advances,  it  changes  its  violet  colour  to  orange,  and  finally  to  a  volu- 
minous pure  white  flame.  The  sparks,  which  at  first  were  large,  like 
those  of  ordinary  foundry-iron,  change  to  small  hissing  points,  and 
these  gradually  give  way  to  soft  floating  specks  of  bluish  light,  as  tho 
state  of  malleable  iron  is  approached.  Thero  is  no  eruption  of  cinder 
as  in  the  early  experiments,  although  it  is  formed  during  the  process  ; 
the  improved  shape  of  the  converter  causes  it  to  bo  retained,  and  it 
not  only  acts  beneficially  on  tho  metal  [how?],  but  it  helps  to  confine 
the  heat,  which,  during  the  process,  has  rapidly  risen  from  the  com- 
paratively low  temperature  of  melted  pig-iron  to  ono  vastly  greater 
than  the  highest  known  welding  heat,  by  which  malleable  iron  only 
becomes  sufficiently  soft  to  be  shaped  by  tho  blows  of  tho  hammer ; 
but  here  it  becomes  perfectly  fluid,  and  even  rises  so  much  above  tho 
melting  point  as  to  admit  of  its  being  poured  from  the  converter 
into  a  founder's  ladle,  and  from  thence  transferred  to  several  suc- 
cessive moulds." 

Attempts  have  recently  been  made  to  ascertain  the  course  of  the 
changes  which  occur  in  the  Bessemer  process,  by  the  spectrum 
analysis  of  the  flame  ;  but  I  do  not  certainly  know  whether  any  practical 
results  of  importance  have  been  thereby  attained. 

The  Bessemer  iron,  which  I  have  seen,  is  bright,  almost  silvery 
white,  and  highly  crystallino  on  fracture,  exactly  as  might  bo  ex- 
pected. This  point  has  been  previously  considered.  The  ingots  also, 
which  I  have  had  the  opportunity  of  inspecting,  have  been  more  or  less 
porous,  or  cellular  ;  and  I  do  not  know  whether  Mr.  Bessemer  has  yet 
satisfactorily  succeeded  in  casting  uniformly  sound  ingots.  He  has 
patented  several  schemes  for  the  purpose,  and  in  a  patent,  dated 
Feb.  1st,  1861,  ho  announces  that  silicon  in  minute  quantity  is  an 
effectual  preventive.  "  Both  cast-steel  and  malleable  iron,"  he  states, 
**  when  in  a  molten  state,  frequently  disengago  gases  so  rapidly  as  to 
flow  or  boil  over  the  tops  of  the  moulds  in  which  they  are  poured, 
and  thus  form  ingots  or  castings  containing  numerous  cells.  Now, 
I  have  found  that  this  tendency  of  the  metal  to  disengage  gases  and 
boil  spontaneously  is  counteracted  by  the  employment  of  a  very  small 
quantity  of  the  metal  silicium,  ono  pound  in  weight  of  which  is  sufficient 
when  diffused  through  two  thousand  pounds  of  molten  steel  [he  does 


2  Proceeding*  of  tho  Institution  of  Civil  Engineer*.  May  24tli,  1859.  Vol.  18. 
No.  1012. 
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Dot  add  iron]  to  destroy  this  tendency  to  ebullition,  and  cause  the 
metal  to  lie  quietly  in  the  mould."  The  porosity  seems  to  be  due  to 
the  retention  of  carbonic  oxide.  Whether  this  gas  may  be  in  any 
degree  dissolved  in  the  molten  iron,  and  evolved  at  the  time  of 
solidification,  I  am  not  aware. 

M.  de  Cizancourt  has  recently  communicated  a  paper  to  the  French 
Academy,  in  which  he  propounds  some  rather  singular  views  with 
respect  to  steel.  He  states  that  gases  always  exist  in  molten  steel  or 
more  or  less  caiburized  iron,  and  that  their  amount  increases  with  the 
temperature.  These  gases  are  always  evolved  in  a  very  sensible 
manner  during  cooling  previous  to  solidification.  11  Sometimes  they 
appear  to  be  partially  fixed,  when  crystallization  intervenes,  as  occurs 
particularly  in  hard  steels ;  whereas  in  mild  steels,  and  that  in  pro- 
portion to  their  mildness,  the  gases  by  their  disengagement  occasion 
phenomena  quite  analogous  to  4  spitting '  [in  the  cupellation  of  silver.]" 
The  author  maintains  that  molten  steel  and  more  or  less  carbnrized 
iron  capable  of  being  drawn  out,  always  contain  in  solution  gases 
saturated  with  carbon ;  and  that,  on  the  contrary,  the  presence  of 
oxidizing  gases  in  these  substances  suffices  to  render  them  incapable 
of  being  drawn  out.  Steels  of  different  hardness  always  result  from 
the  action  of  "carbonic  gas"  (carbonic  oxide)  more  or  less  mixed 
with  nitrogen  upon  the  iron.  The  elasticity  of  hardened  steel  pro- 
ceeds from  that  of  the  imprisoned  gas  ! 4  No  experimental  evidence 
whatever  is  offered  in  support  of  these  views ;  and  in  the  absence  of 
such  evidence,  they  will  not  be  readily  accepted. 

The  silicon  appears  to  be  oxidized  before  the  carbon,  along  with  a 
portion  of  the  iron,  whereby  a  porous  cinder  of  silicate  of  protoxide  of 
iron  is  formed.  The  oxidation  of  the  carbon  then  follows,  even  to 
complete  decarburization.  By  operating  on  a  pure  variety  of  pig-iron, 
malleable  iron  of  remarkable  purity  may  be  obtained  by  the  Bessemer 
process,  as  will  be  seen  from  the  following  analysis  by  Mr.  Abel,  of 
the  Koyal  Arsenal,  Woolwich,  of  a  specimen  of  Bessemer  iron 

Per  cent. 

Carbon,  graphitic    0*00 

Carbon,  combined           ........  minute  quantity. 

Silicon    O'OO 

Bulphur   0-02 

Phosphorus    trace. 

Manganese    trace. 

With  regard  to  sulphur  and  phosphorus,  these  elements  are,  unfor- 
tunately, not  eliminated  in  a  sensible  degree,  as  is  admitted  by  Mr. 
Bessemer  himself  in  the  paper  cited.  I  have  already  advanced  evi- 
dence of  the  fact  as  to  phosphorus;  and  pointed  out  a  remarkable 
difference  in  that  respect  between  the  ordinary  process  of  puddling 
and  that  of  Bessemer.  In  further  confirmation  of  the  preceding  state- 
ments concerning  sulphur  and  phosphorus,  I  present  the  following 


*  Comptea  Rendu*.  1863.  Aout.  57. 
p.  31*5. 

4  Cited  by  Colonel   Eardley  Wilmot, 


R.A.,  on  the  discussion  of  Mr.  B»«e- 
nier's  paper  at  the  Institution  of  Gvil 
Engineers. 
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analyses  by  Mr.  Tookey  of  tlie  pig-irons  and  the  Bessemer  irons  made 
therefrom : — 


PlR-lron. 

Bessemer  Iron. 

Per  cent. 

Per  cent. 

• . . 

0-  218 

... 

none 

  0-485 

... 

0  402 

  1-012 

... 

1-102 

  3-383 

0-281 

.  ■  • 

none 

... 

0-371 

... 

1-906 

Indian  Pig-iron. 

... 

009 

Acadian  Plg-lron. 

.  •  • 

0-04 

In  order  that  the  Bessemer  process  should  bo  generally  applicable 
in  this  country,  it  must  be  supplemented  by  the  discovery  of  a  method 
of  producing  pig-iron  sensibly  free  from  sulphur  and  phosphorus  with 
the  fuel  and  ores  which  aro  now  so  extensively  employed  in  our  blast- 
furnaces. The  problem  may  be  difficult  of  solution,  but  surely  it  is 
not  a  hopeless  one.  It  will  not  bo  solved  by  the  patented  process 
of  a  Mr.  Anthony  Bessemer,  which  consists  essentially  in  exposing 
molten  pig-iron  to  tho  action  of  atmospheric  air  or  steam,  or  even 
"  pure  oxygen  gas  "  (what  a  magnificont  pyrotechnic  effect  it  would 
produce!)  in  a  cylindrical  revolving  reverberatory  furnace.'  The 
improvements  of  this  patentee  "  are  intended  to  cleanse  the  pig  or 
crude  iron  from  all  (!)  its  impurities,  such  as  sulphur,  phosphorus, 
silica  (.sic,  so  spelt  also  in  the  provisional  specification),  carbon,  &c, 

and  all  other  foreign  matter,  so  as  to  produce  steel  and  maUeable 

*  »» 
iron. 

Fremy,  in  a  recent  communication  to  the  French  Academy,  an- 
nounces that  he  has  succeeded  by  means  of  Bessemer's  process  in 
producing  first-rate  steel  from  French  pig-irons,  smelted  with  coke, 
and  from  which  previously  good  steel  could  not  be  obtained.  The 
method  is  not  revealed ;  and  it  is  somewhat  surprising  that  a  scientific 
body  like  tho  Academy  should  receive  papers  of  this  kind.  Numerous 
specimens  of  steel,  alleged  to  have  been  manufactured  according  to 
Fremy 's  improved  process,  wore  exhibited  to  the  Academy;  but  it 
may  be  reasonably  doubted  whether  the  Academicians  had  sufficient 
practical  knowledge  of  the  subject  to  form  any  satisfactory  judgment 
as  to  the  quality  of  the  specimens  of  steel  thus  presented  to  their 
notice.7 

In  the  paper  read  before  the  Institution  of  Civil  Engineers,  Mr. 
Bessemer  described  tho  process  of  puddling,  and  finally  pointed  out 
its  obvious  imperfections,  which  were  previously  well  known.  He 
properly  asked,  "  Why  should  it  be  attempted  to  stick  dirty  little 


•  Improvements  in  the  manufacture  of 
iron  and  steel,  and  in  apparatuses  (sic)  to 
be  employed  therein.    A.D.  1858.  Oct.  5. 


No.  2207. 

7  Cumptes  Rendus. 
297. 
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granules  of  that  metal  [iron]  together,  and  then  to  squeeze  the  impure 
mass,  until  it  is  so  small  as  to  l>e  useless,  until  it  is  again  fagoted  up 
and  imperfectly  uuited,  and  thus  for  ever  to  multiply  the  defects 
which  its  first  treatment  entails?"  There  is  a  ready  and  sufficient 
answer,  namely,  at  present  no  alternative  is  known.  Bessemer's  pro- 
cess is  powerless  to  convert  ordinary  kinds  of  pig-iron  into  merchant 
iron  of  the  least  value  ;  whereas  this  is  every  day  accomplished  hy  the 
old  and  liarbarous  method  of  puddling.  With  the  exception  of  certain 
varieties  of  red  haematite,  all  our  iron  ores  contain  a  sensible  amount 
of  phosphoric  acid,  of  which,  practically,  the  whole  of  the  phosphorus 
passes  into  the  pig-iron  smelted  from  them.  The  proportion,  however, 
raised  of  the  former  is  small  in  comparison  with  that  raised  of  the 
latter ;  hut  it  is  only  with  pig-iron,  practically  free  from  phosphorus, 
that  Bessemer  can  deal  satisfactorily,  and  such  pig-iron  forms  merely 
a  fraction  of  tho  total  produced  in  this  country.  It  will  be  time 
enough  for  Mr.  Bessemer  to  sneer  at  puddling,  wThen  he  can  show 
how  that  laborious  operation  may  be  dispensed  with.  He  has  not  yet 
done  so. 

Wo  are  informed  that  "  Nothing  but  a  profound  conviction  on 
which  the  process  was  originally  based,  could  have  induced  Mr. 
Bessemer  and  his  partner,  Mr.  Longsdon,  to  set  aside,  for  years,  every 
other  pursuit,  and  to  follow  it  up,  through  all  tho  tortuous  paths  Of 
chemical  and  practical  investigations,  and  through  the  numerous  trials, 
difficulties,  failures,  and  expenses,  that  over  attend  the  practical  deve- 
lopment of  any  now  system."  No  one  is  more  willing  than  the  author 
of  this  work  to  concede  to  Mr.  Bessemer  what  his  ingenuitv  and  per- 
severance  justly  entitlo  hiin  to  expect.  But  tho  manner  in  which 
Mr.  Besjscmer  refers  to  tho  chemical  part  of  tho  investigation  might 
lead  to  the  inforenco  that  this  had  been  conducted  exclusively  either 
by  himself  or  his  partner.  Ho  has,  however,  received  valuable  aid 
from  more  than  ouo  expert  analyst,  which  it  would  have  heen 
generous  on  his  part  to  have  acknowledged  before  such  an  audience 
as  that  of  tho  Civil  Engineers. 

In  the  discussion  which  followed  the  reading  of  Mr.  Bessemer's 
paper,  some  singular  remarks  were  made,  particularly  by  Mr.  T.  M. 
Gladstone,  who  informed  tho  audience  that  he,  "  under  the  late  Mr. 
Edward  Thornoycroft,  had  gono  through  the  whole  process  of  iron 
manufacture— that  in  the  process  as  described,  there  was  not  one  sty  w 
advance,  nor  anything,  in  fact,  tchich  had  not  been  previously  done  ly  the 
facturers  of  Staffordshire.  .  .  .  Iron  had  been  made  so  pme  [i.e.  by  the 
ordinary  processos  of  refining  and  puddling],  that  a  magnifyingg^ 
failed  to  reveal  the  presence  of  any  impurities.  The  Bessemer  process  only 
brought  tho  metal  into  tho  same  condition  in  which  it  was  left  hy  the 
refinery,  beforo  being  put  into  tho  puddling  furnace.  The  quality  of 
tho  metal  was  no  doubt  improved,  by  its  affinity  for  oxygen,  which  was 
an  expensive  fuel,  used  for  its  conversion."  The  italics  are  mine.  How- 
ever thoroughly  this  speaker  may  have  "  gone  tlirough  the  whole 
process  of  iron  manufacture,"  it  is  obvious  that  he  displayed  sad  igno- 
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ranco  of  the  science  of  his  art.  The  idea  of  seeking  for  impurities 
like  silicon,  sulphur,  and  phosphorus,  or  other  than  such  as  are 
mechanically  interposed,  in  iron  by  means  of  a  magnifying  glass,  has, 
at  least,  the  merit  of  originality.  It  reminds  me  of  an  anecdote  con- 
cerning the  detection  of  iron  in  a  mineral  water.  A  gentleman,  resid- 
ing near  Dudley,  went  into  a  so-called  chemist's  shop,  in  order  to 
have  some  water  tested  for  iron,  when  the  sapient  compounder  of 
drugs  immediately  applied  the  magnet !  The  assertion  that  Bessemer's 
process  is  not  a  step  in  advance,  must  have  arisen  from  an  entire  mis- 
conception of  its  nature  and  object;  or,  possibly,  from  some  other 
cause.  The  statement  as  to  the  improvement  in  the  quality  of  iron 
"  by  its  affinity  for  oxygen"  is  on  a  par  with  the  designation  of  oxygen 
as  a  "fuel." 

Description  of  the  Apparatus. — For  the  working  drawings  from  which 
the  accompanying  engravings  have  been  executed,  and  for  details  of 
the  manipulation,  I  am  indebted  to  Mr.  John  I).  Ellis,  of  the  firm  of 
Messrs.  John  Brown  and  Company,  of  the  Atlas  Works,  Sheffield. 

Two  converting  vessels  are  worked,  each  capable  of  producing  3  tons 
of  steel  at  one  operation.  Tho  apparatus  employed  for  tho  production 
of  steel  by  the  Bessemer  process  consists  essentially  of  a  converting 
vessel  termed  the  "converter,"  mounted  on  trunnions,  an  hydraulic 
apparatus  for  moving  the  converter,  and  a  blowing  engine.  In  tho 
accompanying  figures  the  converting  vessel  and  tho  apparatus  for 
moving  it  are  shown  in  side  and  end  elevation,  as  well  as  in  vertical 
and  horizontal  sections.  (In  order  to  simplify  the  drawing  in  the  side 
elevation,  the  hydraulic  tipping  apparatus  is  represented  as  if  in  front 
of  the  converting  vessel :  its  true  position  is,  however,  to  be  seen  in 
the  plan  and  end  elevation.) 

The  converter  is  an  ellipsoidal  vessel,  made  of  wrought  iron,  in  two 
principal  portions,  flanged  and  bolted  together,  flat  bottomed,  and  ter- 
minated above  by  an  oblique  conical  mouth.  It  is  supported  by  a 
central  wrought  iron  belt  furnished  with  trunnions,  of  which  one  is 
connected  by  a  coupling  box  with  the  pinion  of  the  turning  apparatus, 
while  tho  other  is  hollow,  and  in  communication  with  the  blast  pipe. 
The  body  of  the  converter  is  lined  inside  with  a  thick  coating  of  a 
mixture  of  fire-brick  and  ground  44  ganister,"  a  variety  of  refractory 
sandstone  from  the  lower  coal-measures  of  the  neighbourhood  of 
Sheffield.  This  mixture  is  stamped  in  a  moist  state  round  a  wooden 
core,  which  is  afterwards  removed  ;  it  is  then  slowly  dried,  and  any 
cracks  are  made  good.  It  need  hardly  be  observed  that  each  half  is 
lined  separately.  When  dry,  a  firo  is  made  in  the  interior,  and  a 
gentle  blast  supplied,  so  as  gradually  to  raise  the  temperature.  Mr. 
Bessemer  states  that  he  then  throws  in  a  little  salt,  in  order  to  render 
the  lining  more  compact,  by  a  glaze  similar  to  that  of  common  earthen- 
ware. Into  the  bottom  of  the  vessel  is  fitted  a  series  of  round  fire- 
bricks or  twyers,  each  eighteen  inches  deep,  about  four  inches  in 
diameter,  and  perforated  by  seven  or  more  holes.  In  a  4-ton  converting 
furnace,  seven  of  these  bricks  are  employed ;  they  are  arranged  sym- 
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metrically  as  shown  on  the  plan,  the  spaces  between  them  being  care- 
fully filled  in  with  ganister. 

The  machinery  for  giving  motion  to  the  converter  consists  of  a 
double-acting  water  pressure  engine,  with  a  horizontal  cylinder,  the 
piston-rod  of  which  is  terminated  by  a  rack,  gearing  into  a  pinion, 
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which  is  connected  by  a  clutch  with  tho  hinder  trunnion.  Accordingly, 
as  the  water  is  admitted  on  the  front  or  back  of  the  piston,  the  con- 
verter is  tilted  from  a  vertical  to  an  inclined 
position,  or  the  reverse. 

The  blast  is  admitted  through  the  re- 
gulator valve  (shown  in  the  end  elevation)  ; 
it  passes  through  the  trunnion,  which  is 
hollow,  and  enters  the  twyer,  along  the 
bottom  of  the  converter,  by  a  curved  branch 
pipe,  united  above  to  the  trunnion-belt. 

At  the  Atlas  Works  the  process  is  con- 
ducted in  the  following  manner.  The  charge 
of  pig-iron  (that  smelted  from  Whitehaven 
haematite  being  the  most  suitable),  weighing 
about  3  tons,  is  melted  in  an  air-furnace, 
the  bed  of  which  is  above  the  level  of  the 
converting  vessel ;  the  latter  is  then  turned 
to  a  horizontal  position,  with  its  open  mouth 
upwards.  The  air-fumaco  is  tapped,  and  couvcrier on u^^ili^^flg.aTa. 
the  charge  of  molten  pig  is  rim  through  a 

trough  lined  with  sand  into  tho  converter,  filling  it  nearly  up  to  the 
level  of  the  twyers  ;  the  blast  is  turned  on,  and  the  converter  is  swung 
slowly  back  to  the  vertical  position.  A  pressure  of  blast  of  1 5  lbs.  to 
the  square  inch  is  employed,  with  a  converting  vessel  of  42  inches 
internal  diameter,  having  49  holes,  each  £  an  inch  in  diameter,  the 
charge  varying  from  3  to  4  tons.  Tho  blowing  engines  arc  driven  by 
a  pair  of  horizontal  steam  engines,  with  pistons  1G  inches  in  diameter 
and  24-inch  stroke,  working  with  steam  of  40  lbs.  pressure. 

Tho  blowing  is  continued  from  12  to  20  minutes,  according  to  the 
quality  of  the  pig-iron  operated  upon ;  when  the  proper  stage  of  de- 
carburization  has  been  reached,  the  converter  is  turned  back  to  tho 
horizontal  position,  the  blast  is  shut  off,  and  from  a  small  furnace  a 
specific  quantity  of  molten  spiegeleisen,  usually  from  5  to  10  %,  is 
run  in ;  the  blowing  is  then  resumed  for  a  period  of  five  minutes,  in 
order  to  effect  thorough  incorporation  of  the  spiegeleisen  with  the 
original  charge ;  the  converter  is  then  lowered  again,  and  its  entire 
contents  are  run  into  a  ladle,  from  which  tho  ingot  moulds  are  filled. 

The  ladle  is  lifted  by  hydraulic  power,  derived  from  the  same  pair 
of  pumps  which  give  motion  to  the  tilting  apparatus  of  the  converter. 
A  vertical  ram  is  placed  below  the  level  of  tho  casting-pit,  carrying 
on  its  upper  end  a  strong  radial  arm,  which  embraces  tho  ladle  ;  this 
arm  revolves  freely  from  the  top  of  the  mm,  and  permits  the  ladle  to 
be  brought  into  position  over  the  mouth  of  each  of  the  moulds  in 
succession. 

The  ladle  is  made  of  wrought-iron,  measuring  42  inches  in  diameter 
and  4  feet  in  depth ;  it  is  lined  with  sand,  and  is  provided  with  an 
iron  plug,  also  coated  with  sand,  the  lower  end  of  which  is  fitted  into 
a  socket  at  tho  bottom  of  tho  ladle.  When  the  plug  is  raised  the 
molten  steel  flows  out  in  a  stream  of  about  I  inch  in  diameter 
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into  the  mould.  When  the  ingots  have  cooled  they  are  ready  for 
hammering. 

The  loss  of  weight  during  the  conversion  amounts  to  about  15  %  of 
the  original  weight  of  the  pig-iron  employed,  in  addition  to  which  the 
charge  loses  about  7£  %  of  its  weight  in  the  preliminary  fusion  in  the 
air  furnace.  The  converting  vessels  will  blow  about  250  tons  of 
metal  without  relining ;  the  twyers  have  to  be  renewed  after  about 
10  tons  of  steel  have  been  made. 

Mr.  Ellis  observes,  M  statements  have  been  made  which  have  led  the 
public  to  believe  that  steel  by  this  process  can  be  made  at  very  low 
prices ;  but  our  experience  has  proved  that  it  is  necessary  to  use  a 
much  more  expensivo  class  of  pig  than  was  ever  contemplated  by 
Mr.  Bessemer,  and  that  ingots  cannot  be  produced  at  less  than  10/.  per 
ton."   (September  11th,  1863.) 

Tarby's  Process  or  Manufacturing  Iron  and  Steel. 

A  patent  was  granted  for  this  process  in  1861  to  Mr.  George  Parry, 
of  the  Ebbw  Yale  Iron-works."  1  have  previously  alluded  to  this 
process,  when  treating  of  the  elimination  of  phosphorus  during  the 
process  of  puddling.  Wrought  or  malleable  scrap  iron  is  converted 
into  cast-iron  in  a  cupola,  similar  in  construction  to  those  commonly 
used  in  melting  pig  or  cast  iron  in  foundries,  with  the  exception,  that 
opposite  to  the  usual  horizontal  twyer  there  is  a  second  twyer  inclined 
downwards  at  an  angle  of  from  30°  to  :t5°.  The  effect  of  this  inclined 
twyer  is  to  produco  an  extremely  high  temperature  in  the  lower  part 
of  the  furnace. 

44  This  invention  has  for  its  object  the  production  of  a  sui>erior  har 
or  wrought  iron  to  that  obtained  in  the  ordinary*  manufacture  of  iron, 
as  well  as  the  production  of  cast- steel  in  large  masses  of  a  superior 
quality  to  that  obtained  by  the  direct  decarbunization  [decarburizationj 
of  crude  pig-iron,  as  now  carried  out.    To  accomplish  these  objects 
I  take  wrought-iron,  which  from  having  previously  undergone  the 
puddling  process,  has  been  purified  by  the  expulsion  of  sulphur  and 
phosphorus;  or  1  tako  wrought-iron  scrap  and  introduce  it,  together 
with  coke  or  other  fuel  and  proper  fluxes  into  a  blast-furnace  .similar 
in  form  to  that  ordinarily  used  for  melting  pig-iron,  but  so  arranged 
with  respect  to  the  twyers  as  to  ensure  tho  maintenance  of  a  much 
higher  temperature  in  the  furnace  than  is  required  for  merely  melting 
the  iron.    IVy  this  means  1  am  enabled  to  effect  the  rapid  and  eco- 
nomical carbonization  of  the  wrought-iron  under  treatment.  When 
thus  carbu retted  I  run  out  the  iron  from  the  converting  or  blast 
furnace  into  any  suitable  form,  and  submit  it  to  the  puddling  process, 
by  which  means  a  further  portion  of  sulphur  and  phosphorus  is  re- 
moved and  the  iron  is  increased  in  strength  and  value.    This  iron 
may,  if  thought  desirable,  be  again  carbonized  and  puddled  again  for 
the  third  time. 

v*  5SKOTeman4"  >*'»  the  manufacture  of  iron  and  Heel.    A.D.  1861,  Xov.  lSth- 
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"  In  carbonizing  tho  wrought-iron  I  propose  to  make  it  take  up  two 
per  cent,  or  thereabouts  of  carbon  from  tho  coke,  when  it  will  be  ready 
to  undergo  the  subsequent  treatment  of  puddling,  which  will  convert 
it  into  what  I  term  4  purified  wrought  iron.'  Sufficient  fuol  having 
been  supplied  to  the  furnace  for  the  purpose  of  getting  up  the  heat, 
I  charge  the  furnace  with  about  seven  hundredweight  of  coke  (with 
sufficient  lime  to  flux  the  ash  of  the  coke)  to  every  ton  of  wrought 
iron,  applying  these  materials  in  successive  quantities  of  from  one  and 
a  quarter  hundredweight  to  one  and  a  half  hundredweight  of  coke  to 
four  hundredweight  of  iron,  which  will  be  found  a  convenient  quantity 
for  each  charge.  The  converting  furnace  being  filled  and  the  blast 
put  on,  the  furnace  should  be  kept  nearly  full  during  the  continuance 
of  the  operation,  or  the  iron  will  not  have  taken  up  a  sufficient  dose 
of  carbon,  and  unless  this  be  done  tho  subsequent  treatment  of  tho 
iron  in  the  puddling  furnace  will  be  useless ;  tho  presence  of  a  certain 
amount  of  carbon  in  combination  with  the  metal  being  necessary  to 
produce  the  *  boil,'  without  which  no  efficient  refining  of  the  iron  will 
take  place.  With  a  small  furnace  two  and  a  half  feet  square,  rounded 
at  the  angles,  and  from  ten  to  fifteen  feet  high,  blown  by  one  horizontal 
twyer  having  a  nozzle  of  two  and  a  half  inches  diameter,  and  one 
inclined  twyer  of  one  inch  and  a  quarter  diameter ;  with  a  pressure 
of  blast  of  two  pounds  and  a  half  to  threo  pounds  on  the  square  inch, 
I  have  been  enabled  to  carbonize  and  run  out  one  ton  of  iron  per  hour. 
In  carrying  out  this  part  of  the  process  I  prefer  to  blow  down  into 
the  iron  through  one  or  more  twyers,  not  using  the  lower  twyers. 
The  nozzles  of  these  twyers  may  be  changed  for  others  of  larger  or 
smaller  bore  in  a  fow  seconds  when  required ;  the  exact  amount  of 
blast  required  being  soon  ascertained  by  a  little  practice,  tho  want 
of  a  sufficient  blast  being  indicated  by  the  carbonized  iron  when  run 
off  not  being  sufficiently  fluid.  With  converting  furnaces  of  larger 
dimensions  tho  number  of  both  horizontal  and  inclined  twyers  must 
be  increased  so  as  to  diffuso  the  blasts  of  air  more  uniformly  over  tho 
enlarged  area  of  the  furnace.  The  whole  of  tho  twyers  may  be  in- 
clined downward  with  nearly  the  same  effect,  if  thought  desirable ; 
but  must  be  put  at  a  lesser  angle  of  dip.  I  prefer,  however,  the  mode 
of  blowing,  as  above  described.  There  is  little  or  no  loss  of  motal  in 
carrying  out  this  carbonizing  process  when  clean  wrought  iron  is 
employed ;  the  small  quantity  of  iron  oxidized,  and  which  passes  off 
with  tho  slag,  being  replaced  by  carbon.  The  minute  portion  of 
silicon  in  this  carbonized  wrought-iron,  as  compared  with  that  con- 
tained in  crude  pig-iron,  does  not  admit  of  slag  being  formed  to  any 
extent  when  air  is  blown  into  it  while  in  tho  fluid  state ;  but  the 
oxide  formed  would  pass  out  at  tho  top  of  the  furnace  as  a  dense 
brown  smoke,  and  entail  a  loss  wore  it  not  that  the  column  of  incan- 
descent fuel  above  reduces  it  to  the  metallic  state  and  intercepts  it. 
I  find  that  a  height  of  furnace  from  eight  to  ten  feet  is  sufficient  to 
effect  this  reduction,  and  prevent  tho  loss  of  metal  by  sublimation. 

"  When  the  charge  of  scrap  or  puddled  iron  has  been  subjected  to 
the  blast  a  sufficient  time  to  bring  down,  say  a  ton  of  tho  carbonized' 
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metal,  I  tap  the  furnace,  and  run  the  metal  into  moulds  as  is  usually 
done  with  pig-iron  intended  for  puddling,  and  I  otherwise  treat  it  in 
a  similar  manner  to  iron  prepared  for  puddling  (that  is  to  say),  I  now 
submit  the  carbonized,  wrought,  or  scrap  iron  to  the  operation  of 
puddling  in  an  ordinary  puddling  furnace,  and  by  that  means  cause  it 
to  give  up  or  part  with  the  impurities  remaining  therein,  after  the 
first  puddling  process.  The  metal  I  remove  as  puddled  balls,  which 
may  then  bo  submitted  to  the  ordinary  rolls,  for  the  purpose  of  being 
reduced  to  the  form  of  merchant  or  other  bars.  This  completes  (in 
general)  the  process  of  making  my  4  purified  wrought  iron,'  which  may 
be  subsequently  converted  into  cast-steel  in  the  manner  presently  to 
bo  described,  or  applied  to  other  uses.  When,  however,  a  still  purer 
quality  of  iron  is  required,  I  repeat  the  converting  or  carbonizing 
process,  and  then  subject  the  metal  to  the  puddling  process  as  before. 

44  I  would  here  remark  that  by  taking  the  thoroughly  puddled  iron 
from  the  furnaco  in  small  balls  or  pieces,  the  cost  of  rolling  the  same 
into  bars,  and  cutting  those  bars  up  by  shears  into  pieces  suitable  for 
undergoing  a  second  carbonization,  or  for  conversion  into  hard  or  soft 
steel  will  be  avoided.  The  pieces  of  wrought-iron  intended  forear« 
bu ration  should  not  be  too  large,  not  much  exceeding  the  size  of  a 
railway  bar  cut  up  into  lengths  of  four  to  six  inches.  Cinder  iron,  of 
which  nearly  the  whole  of  the  railway  bars  laid  down  have  been 
manufactured,  Incomes  by  sufficient  carburation  in  my  converting 
furnace,  and  subsequent  puddling,  equal  in  value  to  tho  best  brands  of 
mine-iron,  and  may  bo  used  for  the  like  purposes,  or  be  converted  into 
cast  stocl ;  thus  the  iron  rails  now  in  use,  as  they  successively  become 
worn  out,  may  by  this  Invention  be  converted  into  durable  cast-steel 
rails. 

14  In  order  to  convert  bar  or  scrap  iron  into  cast-Bteel,  I  introduce 
into  the  converting  or  blast  furnace,  a  smaller  proportion  of  coke  or 
fuel  than  is  required  for  manufacturing  the  purified  wrought  iron.  The 
proportion  may  bo  so  regulated,  as  to  communicate  to  the  wrought- 
iron  the  desired  degree  of  carbon  known  to  exist  in  the  various  classes 
of  cast-steel,  from  hard  cast-steol  to  soft  cast-steel,  and  I  run  this  steel 
out  of  the  furnace  into  ingots,  or  into  any  desired  forms. 

44  In  the  manufacture  of  cast-steol  from  wrought-iron,  I  use  the 
same  kind  of  converting  furnace  as  that  described  for  making  the  more 
highly  carburretted  metal ;  but  1  reduce  the  quantity  of  coke  to  about 
five  hundrodwoight  to  every  ton  of  wrought  iron  used  when  making 
a  hard  steel,  and  to  about  four  and  a  half  hundredweight  when  pro- 
ducing a  soft  steol,  tho  proportions  varying  somewhat,  according  to 
the  quality  of  the  coke  or  other  fuel  used.  In  making  hard  steel.  I 
increase  the  size  of  the  nozzle  of  tho  blowing  down  twyer,  making  it 
about  one  and  a  half  to  one  and  three  quarters  inches  in  diameter,  so 
as  to  discharge  more  blast  into  the  metal  at  the  bottom  of  the  furnace 
than  is  required  when  preparing  the  carburettcd  iron  for  the  puddling 
process.  The  proper  quantity  of  air  required  will  be  found  by  a  little 
practice  for  if  too  little  be  blown  down,  the  steel  will  prove  deficient 
i"  fluidity." 
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In  the  specification  two  methods  are  described  for  making  what  is 
termed  "  soft  steel,"  one  in  which  the  softening  is  effected  in  the  cupola 
itself,  and  the  other  in  which  it  is  effected  in  a  separate  vessel  or  receiver ; 
but  the  latter  only  is  now  adopted.  The  receiver  is  an  oval-shaped 
vessel  of  wrought-iron,  flat  at  the  bottom,  lined  with  refractory  ma- 
terial, such  as  a  mixture  composed  of  equal  measures  of  fireclay  and 
sand.  It  is  open  at  the  top,  and  on  one  side  near  the  top  is  introduced 
a  large  jet  of  combustible  gas  (such  as  is  formed  in  an  ordinary  gas- 
generator)  and  atmospheric  air.  Round  the  lower  part  of  the  vessel, 
just  above  the  bottom,  are  adjusted  five  blast  boxes,  each  containing 
three  twyers  for  the  injection  of  atmospheric  air.  There  is  also  a  tap- 
hole  at  the  bottom  by  which  tho  molten  metal  is  run  off.  The  receiver 
having  been  heated  by  means  of  the  gas-flame  to  bright-redness,  and 
the  blast  let  on  through  the  twyers,  the  molten  steel  to  be  softened  is 
allowed  to  flow  into  it  from  the  cupola. 

**  1  first  make  a  hard  steel  in  the  converting  furnace,  and  then  run  it 
out  into  another  furnace  or  receiver,  where  I  reduce  it  to  the  required 
degree  of  softness  by  passing  air  through  tho  fluid  metal  from  below, 
as  first  pointed  out  in  the  specification  of  Mr.  J.  G.  Martien's  patent, 
dated  Sept.  15th,  1855  (No.  2082),  for  the  treatment  of  crude  pig-iron, 
or  1  blow  air  down  on  the  surface  of  the  metal  as  practised  in  tho  old 
refineries,  and  should  the  steel  now  be  found  too  soft  for  the  purpose 
required,  I  harden  it  by  the  addition  thereto  of  a  proper  proportion 
of  the  hard  steel  in  a  fluid  state  from  tho  converting  furnace. 

44  After  a  few  minutes  blowing  into  the  receiver  (the  exact  time 
requisite  being  very  accurately  ascertained  by  the  workman  after  a 
little  experience)  the  steel  will  have  become  sufficiently  softened,  and 
may  be  tapped  and  run  out  into  a  funnel  and  dealt  with  as  before  de- 
scribed. Previously  to  tapping  the  furnaco  alloys  may  be  run  in  at 
the  top,  or  what  is  better  tho  alloying  material  may  bo  poured  into 
the  funnel  as  the  steel  is  running.  It  may  also  be  hardened  when 
made  too  soft  by  tho  addition  of  hard  steel  or  of  any  pure  pig  or 
carburetted  iron  (which  may  also  contain  the  alloy)  in  the  same 
manner." 

The  advantages  claimed  by  the  patentee  in  this  process  are  stated 
as  follows  : — 

44  In  the  manufacture  of  cast-steel  direct  from  crude  pig-iron,  as 
lately  introduced  by  removing  a  portion  of  tho  carbon,  sulphur  and 
phosphorus  remain  behind,  and  it  is  difficult  to  get  crude  pig-iron  free 
from  these  injurious  elements.  In  this  my  process  for  manufacturing 
cast-steel  by  adding  carbon  to  wrought-iron  (which  had  previously 
been  puddled)  nearly  all  tho  pig-iron  produced  in  this  country  be- 
comes available  for  the  manufacture  of  cast-steel  in  my  converting 
furnace,  the  greater  proportion  of  tho  sulphur  and  phosphorus  origin- 
ally contained  in  tho  iron  haviDg  previously  been  eliminated  in  the 
puddling  process. 

44  From  some  years'  experience  in  tho  analysis  of  irons,  I  have  always 
found  that  the  effect  of  puddling  is  to  reduce  the  quantity  of  sulphur 
to  about  one-third,  and  of  phosphorus  from  one-fourth  to  one-fifth  of 
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that  originally  contained  in  the  pig-iron.  It  will  thus  be  seen  that 
when  such  purified  iron  has  been  sufficiently  caiburetted  in  my  con- 
verting furnace  and  again  puddled,  the  impurities  above  named  become 
almost  entirely  removed,  and  the  iron  is  fitted  for  conversion  into  best 
cast-steel  by  this  invention." 

Now,  it  is  important  to  observe,  that  the  materials  upon  which  Mr. 
Bessemer  operates  are  restricted  to  three,  namely,  crude  pig-iron  as  it 
flows  from  the  blast-furnace,  remelted  pig-iron,  and  refined  iron.  No 
other  materials  are  mentioned  in  any  of  Mr.  Bessemer's  numerous 
specifications.  But  Mr.  Parry  does  not  deal  with  anv  of  these  mate- 
rials  ;  for  clearly  the  carburized  iron,  into  which  he  converts  wrought 
or  malleable  scrap  iron  in  the  cupola,  cannot  be  designated  either  as 
crude  pig-iron  from  the  blast-furnace,  as  remelted  pig-iron,  or  as  finery 
iron.  It  is  a  fusiblo  compound  of  iron  and  carbon  pral'tcttl  from 
wrowjht-iron.  There  is  no  other  method,  so  far  as  my  knowledge 
extends,  by  which  either  wrought-iron  or  steel  practically  free  from 
phosphorus  can  be  derived  from  pig-iron  containing  a  sensible  amount 
of  that  element.  It  remains  to  be  seen  whether  Mr.  Bessemer  will 
venture  to  attack  this  patent  on  the  ground  of  infringement,  Should 
ho  do  so,  wo  may  reasonably  anticipate  interesting  and  protracted 
proceedings  in  the  courts  of  law. 

Casting  Steel. 

Formerly,  so  far  as  I  am  aware,  steel  was  never  melted  and  cast 
after  its  production  ;  and,  in  only  ono  instance,  namely,  that  of  wootz, 
was  it  ever  molten  during  its  production.  Bj*  whatever  method  pre- 
pared, whether  by  the  addition  of  carbon  to  malleable  iron,  or  by  the 
partial  decarburization  of  pig-iron  according  to  any  of  the  methods 
described,  except  those  attended  with  absolute  fusion  of  the  product, 
steel  in  mass  was  never  obtained  homogeneous.  When  made  even  by 
the  cementation  of  bar-iron,  certain  defects  in  the  manufacture  of  the 
iron,  especially  such  as  depend  on  the  presence  of  intermixed  cinder, 
were  perpotuuted  in  a  greater  or  less  degree  in  the  resulting  bar-steel. 
And  without  fusion,  it  is,  for  reasons  previously  assigned,  impossible 
that  it  should  ever  bo  otherwise.  In  bar-iron  want  of  homogeneity  or 
unsoundness  due  to  the  interposition  of  cinder  is  of  much  less  conse- 
quenco  except,  perhaps,  in  the  caso  of  fine  wire  drawing,  etc.,  than 
in  steel,  which  is  to  be  fashioned  into  articles  with  fine  cutting  edges. 
Now,  by  the  fusion  and  casting  of  steel  after  its  production,  the  evil  in 
question  is  remedied,  and  ingots  of  the  metal  may  be  thereby  procured 
of  perfectly  uniform  composition  throughout;  and  for  the  practical 
solution  of  this  important  problem  we  ore  indebted  to  Benjamin 
Huntsman.' 


9  The  fullest  account  which  I  have  j  preface  that  the  details  concerning  Hurit^ 
met  with  of  this  inventor  i»  in  au  excellent  man's  discovery  of  cost-steel  were  w03* 
essay  on  steel  manufacture,  by  an  auony-  municuted  through  another  channel.  U 
mom  author,  in  the  volume  entitled  The  Play,  in  a  note  to  his  memoir.  "SurU 
Useful  Metals  and  their  Alloys.  London,  Fabrication  de  1'Acier  en  YbrUtf* 
1807.  pp.  846-949.    liut  it  if  "stated  in  the   (Aunalca  de*  Mines,  184:1, 4  s  3.  p-  <8S< 
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This  inventor  was  born  in  Lincolnshire  in  1704,  and  died  in  1776 
at  Attercliffe,  in  the  parish  of  Sheffield,  where  he  was  buried  in  tho 
Old  Churchyard.  Originally  he  was  a  clockniakcr  at  Doncaster ;  and 
what  is  singular,  it  is  stated  that  he  had  a  high  reputation  as  an 
oculist  and  for  his  medical  knowledge.  He  afterwards  resided  at  tho 
village  of  Handsworth,  near  Sheffield,  and  there  his  experiments  on 
casting  steel  seem  to  have  been  conducted.  About  1770  he  removed 
to  Attercliffe,  where  his  successors  still  conduct  the  business.  Hunts- 
man was  a  member  of  the  Society  of  Friends,  and  was  not,  we  are 
informed,  "  of  a  disposition  to  make  the  greatest  commercial  advantage  " 
of  his  invention,  caring  "  little  for  mere  money  making."  He  exhibited, 
however,  tho  worldly  wisdom  of  keeping  his  process  rigidly  secret  as 
long  as  possible.  44  But  ho  never,"  it  is  asserted,  44  condescended  to 
push  business  by  any  of  those  arts  which  are  now  so  common." 
Huntsman's  steel  has  acquired  a  world-wide  renown,  and  deserves  a 
conspicuous  place  in  the  annals  of  British  invention. 

According  to  the  popular  tradition  of  Sheffield,  possession  was  ob- 
tained of  Huntsman's  secret  by  tho  knavish  and  heartless  trick  of  a 
rival  steelmaker.    This  person,  it  is  reported,  presented  himself  in  tho 
garb  of  a  beggar  at  the  entrance  to  tho  Attercliffo  Works,  under  condi- 
tions most  calculated  to  excite  tho  sympathy  of  the  workmen ;  it  was 
during  a  dark  winter's  night,  when  the  snow  was  falling  fast,  that  this 
mean  and  skulking  vagabond  prayed  for  shelter  and  warmth  in  tho 
casting-house.    The  prayer  was  granted,— who  could  have  refused  it? 
— and  at  length  the  prize  was  secured.1    This  may  bo  a  mythical 
story,  or  it  may  bo  absolutely  time :  many  a  time  tho  same  kind  of 
artifice  has  been  resorted  to.    It  is  a  low  theft,  which  no  man  having 
the  least  feeling  of  honour  could  possibly  commit.    Not  long  ago  in 
London  an  example  occurred,  which  attracted  much  attention.  Three 
persons,  all  foreigners,  conspired  to  obtain  access  to  works,  where 
aniline  was  being  largely  manufactured  for  the  production  of  the  now 
well-known  beautiful  mauve  and  Magenta  dyes.    As  usual,  a  con- 
ference was  held  at  a  public-house  with  one  or  two  of  tho  chief 
workmen,  who  apparently  consented  to  aid  in  the  plot    The  night 
which  had  been  appointed  for  the  execution  of  this  plot  arrived :  one 
conspirator  entered,  but  the  other  two,  whether  from  some  misgiving 
or  cowardice,  remained  where  thoy  could,  if  necessary,  make  a  hasty 
retreat.    All  was  dim,  if  not  actually  dark;  but  no  sooner  had  tho 
leader  fairly  entered,  than  the  gas  was  turned  full  on  and  he  stood 
confronted  and  dismayed  before  the  proprietors  of  the  works.    He  was 
tarred  from  head  to  foot,  and  sent  adrift  in  the  street  crying  for  mercy 
and  seeking  protection  from  tho  police.    He  was  confined  to  his  bed 
several  days  in  consequence  of  the  sevore  irritation  to  his  skin.  Ho 

gives  the  dates  of  HuntHnmn's  birth  and    William  Baker,  and  is  as  follows:  "Sacred 

death,  which  he  himself  copied  from  his    to  tho  memory  of  Benjamin  Huntsman, 

tombstone  in  the  graveyard  at  Attercliffe  :  j  of  Attereliffe,  steel-refiner,  who  died  June 

and  it  is  somewhat  singular  tlint  he  should    '20th,  1770.  ag«-d  72  yours." 

spell  the  name  Huntamann.    The  inscrip-  j     1  Tho  Useful  Metals  and  their  Alloys, 

tion  on  the  tombstone  has  been  copied  for   p.  348. 

me  by  my  friend  and  former  student,  Mr. 
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was  righteously  served,  and  would  that  every  perpetrator  of  the  like 
offence  had  been  caught  and  treated  in  the  same  way!  The  other 
cowardly  participators  in  this  dirty  attempt  to  despoil  honest  men  of 
the  fruit  of  their  labours  escaped,  unhappily,  with  impunity. 

With  reference  to  the  invention  of  cast-steel,  Horne,  in  1773,  pub- 
lished a  singular,  and  no  doubt  entirely  erroneous  statement*  M  It  is 
not,"  he  writes,  **  a  great  many  years  since  this  discovery  [of  cast- 
steel]  was  first  made,  by  a  gentleman  (as  I  have  been  informed) 
residing  in  the  Temple,  an  acquaintance  of  the  late  Lord  Macclesfield ; 
whose  name  I  could  never  learn  ;  nor  could  I  ever  gain  the  least  infor- 
mation of  the  means  by  which  he  became  possessed  of  so  valuable  a 
secret.  He,  however,  judged  it  proper  not  to  let  it  remain  a  secret 
any  longer  than  till  an  opportunity  offered  of  discovering  it  to  some 
person  who,  he  imagined,  might  be  able  to  render  it  of  service  in 
some  shape  or  other  to  himself,  as  well  as  to  the  world.  While  the 
gentleman  was  thus  inclined,  there  fell  in  his  way  one  who  had  been 
employed  in  flatting  of  gold  and  silver  wire  for  the  use  of  the  lacemen; 
whom  he  judged  to  bo  a  proper  person  for  his  purpose.  Prior  to  this 
period,  the  workmen,  at  a  very  considerable  expense  and  no  small 
risk,  had  been  obliged  to  smuggle  those  implements,  or  steel- rollers, 
by  which  tho  wire  is  flatted,  from  Lyons,  in  France ;  whereas  our 
melted  steel  is  qualified  to  form  them  in  a  much  better  manner;  but 
still  liable  to  this  considerable  objection ;  that  as  the  steel  is  obliged 
first  to  be  forged  into  plates,  there  is  an  absolute  necessity  of  their 
being  welded  in  one  particular  part,  which  not  only  injures  the  steel, 
when  they  are  bent  round  the  iron  roller,  but  leaves  a  disagreeable 
roughness  upon  that  part  where  tho  welding  heat  must  of  necessity  be 
administered." 

Tho  present  method  of  casting  steel  is  substantially  the  same  as  that 
practised  by  Huntsman,  the  difference,  it  is  stated,  being  that  now 
two  crucibles  instead  of  one  are  heated  in  each  furnace.  For  the 
drawings,  from  which  the  accompanying  engravings  have  been  exe- 
cuted, 1  am  indebted  to  my  friend,  Mr.  E.  F.  Sanderson,  of  Sheffield. 
They  will  be  sufficiently  intelligible  without  any  particular  descrip- 
tion. Fig.  214  is  tho  ground  plan  of  the  casting- shop.  Fig.  216  is 
the  basement  plan.  Fig.  217  is  a  transverse  vertical  section  of  (he  same. 
Fig.  2 15  is  a  longitudinal  vertical  section  of  the  same.  The  furnaces,  it 
will  bo  perceived,  are  simple  rectangular  chambers,  each  having  its 
own  flue  in  tho  stack  common  to  a  row  of  furnaces.  The  tops  of  the 
furnaces  are  on  a  level  with  the  floor  of  the  casting-shop ;  and  at  the 
bottom  they  are  easily  accessible  from  tho  cave  below.  The  furnaces 
are  covered  over  with  cast-iron  plates,  about  1  in.  thick,  in  the  manner 
Bhown  in  the  First  Part  of  this  work  (p.  455),  and  each  is  provided 
with  a  moveable  cover,  consisting  of  a  quarry  or  large  fire  brick,  let 
into  a  strong  wrought-iron  frame,  from  which  a  round  wrought-iroo 
handle  projects  horizontally,  or  nearly  so,  from  the  middle  on  one  fide 
(fig.  218).    Coke  is  tho  fuel  employed.    Tho  furnaces  are  lined  either 

3  Emhuvs  concerning  Iron  and  Steel,  p.  165. 
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Fig.  214.  (i  round  plan  of  the  casting-shop. 


Fig.  215.  Longitudinal  Vertical  SecUoii. 
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Fig.  218-      Moveable  cover  of  caring-furnace. 


with  fire-clay  bricks,  or  a  siliceous  stone  occurring  in  the  neighbourhood 
of  Sheffield,  or  ground  44  ganister  millstone  grit  tempered  with  water 
is  also  used.  A  mould  is  put 
into  the  furnace,  and  the  mix- 
ture rammed  round  it,  after 
which  the  mould  is  taken  out. 

The  crucibles,  or,  as  they 
are  usually  termed,  pots,  are 
made  in  moulds,  similar  in 
construction  to  the  little 
Swedish  mould  for  iron -assay 
crucibles,  described  in  the 
First  Tart.  It  consists  of 
a  circular  cast-iron  case  or 
M  pot-mould,"  open  at  top  and 
bottom,  and  turned  in  the  in- 
terior of  the  same  dimensions 
as  the  exterior  of  the  pot.  It 
has  two  projecting  pieces,  one 
on  each  side,  by  which  it  may 
be  conveniently  lifted.  In 
this  case  fits  a  plug  of  hard 
wood,  such  as  lignum-vita*, 
turned  of  the  samo  dimen- 
sions as  the  interior  of  the 
pot  ;•  on  the  top  is  a  head  of 
iron  to  receive  the  blows  of 
a  mallet,  and  in  this  head  is 
a  transverse  hole,  through 
which  an  iron  pin  may  bo 
passed  to  serve  as  a  handle 
for  turning  the  plug  round ; 
from  the  bottom  of  the  plug 
an  iron  spindle  protrudes.  In 
the  pot-mould  is  a  loose  disc 

of  iron,  just  large  enough  not  to  drop  out  at  the  lower  or  small  end, 
and  having  a  hole  in  the  centre  for  the  passage  of  the  spindle.  The 
pot-mould  being  well  smeared  with  whale-oil,  is  placed  upon  a  low 
post  solidly  fixed  in  the  ground,  and  having  a  hole  in  tho  middle  to 
allow  tho  spindle  of  the  plug  to  descend.  The  charge  of  clay,  in 
the  form  of  a  short  cylinder,  is  put  into  the  pot-mould,  and  the  plug, 
also  well  oiled,  is  then  driven  2  in.  or  3  in.  down  by  means  of  a 
heavy  mallet,  the  spindle  at  the  bottom  keeping  it  in  the  centre. 
The  plug  is  then  withdrawn  with  a  screwing  motion  by  means  of  tho 
moveable  pin  in  the  head,  as  above  described  ;  after  which  it  is  oiled 
afresh,  again  inserted,  and  driven  home,  the  clay  rising  in  the  space 
between  the  plug  and  the  interior  of  the  pot-mould.  The  clay  is  cut 
level  with  the  top  of  tho  mould  with  a  knife,  and  the  plug  is  taken 
out  of  the  pot.    The  top  is  then  narrowed  somewhat  by  inserting  a 

3  h 


Fig.  319. 


CruclMe-moukl. 
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knifo  between  it  and  the  corresponding  part  of  the  pot-mould,  and 
holding  it  inclined  towards  the  centre.    The  pot-mould  is  then  set 

upon  a  short  post,  so  that  its 
loose  bottom  may  be  gently 
forced  up  with  the  pot  upon  it. 
Tho  pot  is  then  removed  to  a 
warm  place  to  dry.* 

The  lidsare  made  of  the  same 
material  as  the  pots.  They  are 
circular,  a  little  larger  in  dia- 
meter than  the  mouth  of  the 
pots,  flat  on  the  under  side,  and 
somewhat  convex  on  the  upper 
side.  The  stands  also  are  made 
of  the  same  material  as  the  pots. 
They  are  circular,  but  a  little  nar- 
rower at  the  bottom,  where  they 
rest  immediately  upon  the  bars. 

The  pots  used  at  one  of  the 
chief  establishments  in  Sheffield 
weigh  about  25  lbs.  each,  and  are 
made  of  the  following  mixture  :* 

15  lbs. 


Hr.  m      Section  of  cruciMe-in<>uW1. 


Derbyshire  clay  from  Edensor 

Stannin«;ton  clay   

<      ground  pot   2 

("J  round  cinders   A 


25  Ihs. 


Fig.  221.  CruciMe.  covor,  and  itand 

3  VUl  Useful  M<  tills  and  tin  ir  Alloys, 
P-  849,  for  ft  good  description  of  pot-rank- 
ing,  from  which    I  have   taken  a  few 


My  friend  and  former  student, 
Mr.  William  Raker,  of  Sheffield, 
has  at  my  request  procured  for 
me  the  following  information. 
The  raw  clay,  as  it  is  delivered 
♦o  the  works,  is  shot  down  be- 
hind the  furnaces  to  be  tho- 
roughly dried.  The  "falling  of 
the  clay,"  i.  e.  mixing  it  with 
water,  is  effected  in  a  large  cast 
iron  cistern.  The  quantity-  of 
clay  operated  upon  is  deter- 
mined by  the  number  of  pots  to 
be  made.  Ground  coke-dust  is 
added  in  the  proportion  of  from 
1 J  lb.  to  2  lbs.  for  20  lbs.  of  the 
drv  clay.  When  thoroughly 
soaked,  the  clay  is  removed  to 


details. 

*  Analyses  of  the  clays  have  been  given 
in  the  First  Part  of  t  his  work. 
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the  treading  floor,  where  it  is  kneaded  by  men  treading  upon  it  bare- 
foot during  8  or  10  hours.  It  is  thus  spread  out,  so  as  to  form  a 
layer  2  in.  or  3  in.  thick,  which  is  cut  across  and  across  with  a  spade 
into  rectangular  pieces,  each  of  which  is  turned  over  on  its  neighbour, 
forming  a  number  of  blocks.  The  clay  is  weighed  out  in  lumps,  one 
of  which  suffices  for  a  pot.  To  form  a  pot  capable  of  holding  28  lbs. 
of  steel,  24  lbs.  of  clay  are  required.  A  man  will  make  20  pots  per 
'  day.  The  pots  vary  in  size,  some  holding  from  28  lbs.  to  30  lbs.,  and 
others  from  45  lbs.  to  50  lbs.  of  steel.  They  are  left  to  dry  during  8 
days  previously  to  use.    They  cost  on  the  average  about  8<l.  each. 

The  pots  are  annealed,  i.  e.  gradually  heated  to  redness,  before  they 
are  put  in  the  casting  furnaces.  About  20  pots  are  generally  placed 
mouth  downward  on  the  "grate,"  containing  live  coal,  and  coke  is 
then  filled  in  between  them.  The  lids  are  placed  on  the  bottoms  of  the 
inverted  pots.  This  is  done  over  night  or  in  the  afternoon.  At  5  or 
6  next  morning  the  pots  thus  heated  are  placed  upright  with  their 
lids  adjusted,  on  their  stands  in  the  furnaces,  previously  charged  with 
live  coal  from  the  fireplace  at  the  side  of  the  "  grate,"  where  the  an- 
nealing is  effected. 

One  or  two  pots,  as  the  case 
may  be,  previously  "  annealed," 
are  placed  in  each  furnace,  and 
a  handful  of  sand  is  thrown  into 
each  pot  to  stop  up  the  hole  left 
by  the  spindle  of  the  plug  used 
in  moulding.  The  pots  are  then 
44  brought  up,"  t.  e.  raised  to  a 
high  temperature,  and  in  about 
20  minutes  a  charge  of  broken 
up  and  assorted  blister-steel  of 
from  30  lbs.  to  40  lbs.  in  weight 
is  introduced  through  a  funnel- 
shaped  charger  of  sheet  iron,  and 
the  mouth  of  the  pot  is  then 
closed  with  a  clay  lid,  and  the 
furnace  filled  up  with  coke. 
After  the  lapse  of  f  hour,  the 
furnace  is  again  replenished 
with  fuel.  Jn  another  $  hour, 
the  foreman  takes  off  the  lid  of 
the  pot  to  examine  the  progress 
of  the  molting ;  and,  according 
to  his  judgment,  more  or  less 
coke  is  added  to  complete  tho 
process.  When  manganese  is 
used  it  is  added  along  with  the  steel.  As  soon  as  the  steel  is  perfectly 
molten,  and  ready  for  44  teaming,"  *  tho  44  puller  out,"  having  enveloped 


Kig.  222.  Tonga-  Tongs  for  lifting. 


Tonga  for 


5  A  won!  commonly  lined  in  tho  midland  counties  for  pouring. 
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his  logs  in  sacking  and  freely  besprinkled  them  with  water,  stands  over 
the  furnace  hole  or  mouth,  whilst  the  "  cellar  lad  "  loosens  the  pot  from 
clinker  adhering  to  tho  bottom  of  the  furnace.  With  one  good  hoist 
the  pot  is  transferred  to  the  44  teaming  hole,"  a  rectangular  cast-iron 
box  about  18  in.  square  and  of  the  same  depth,  let  into  the  floor  of  the 
casting  shop,  and  having  a  quantity  of  coke  dust  on  the  bottom,  so  that 
the  pot  may  be  prevented  from  coming  in  contact  with  the  iron  and 
cracking  in  consequence.  The  lid  is  removed  and  placed  on  the  pot* 
which  has  just  been  teamed,  which  is  then  immediately  returned  to 
the  furnace.  The  chief  melter  now  takes  hold  of  the  pot  with  the 
14  teaming"  tongs, and  pours  out  tho  steel,  taking  care  to  avoid  touching 
the  sides  of  tho  mould.  If  any  slag  appears  on  the  point  of  issuing 
with  tho  stoel,  a  boy  takes  the  44  flux  stick,"  a  rod  of  iron  with  a  ball 
of  slag  purposely  left  adhering  to  its  end,  and  touches  the  surface, 
when  a  remarkable  repulsion  of  the  matter  forming  the  slag  takes 
place  and  it  flies  back  to  the  bottom  of  the  pot.  Sand  is  thrown  on 
the  top  of  tho  ingot,  and  a  stopper  put  on  it,  u  e.  a  lump  of  iron  fitting 
the  mouth  of  the  mould,  and  having  a  handle  8  in.  or  10  in.  long. 

A  pot  will  last  three  meltings,  but 
each  time  with  a  diminished  charge: 
thus,  in  tho  1st  charging,  it  may  receive 
45  lbs.,  in  the  2nd  40  lbs.,  and  in  the 
3rd  only  .'JO  lbs.  The  furnace  needs  re- 
pairing once  a  month.  The  ingot  moulds 
are  smoked  before  use.  For  this  pur- 
pose their  component  halves  are  placed 
with  their  internal  surfaces  downwards 
upon  racks,  which  consist  of  two  iron 
bars  about  0  ft.  long  each,  1  ft.  apart, 
and  1  ft  above  tho  floor,  supported  at 
their  ends.  A  shallow  ladle  containing 
burning  coal-tar  is  then  put  underneath. 
Notwithstanding  the  smoking,  it  is  re- 
markable how  the  molten  steel  eats  into 
the  bottom  of  the  moulds,  hollowing  them 
out  considerably  towards  the  centre  ;  and 
in  the  case  of  moulds  0  in.  square  in  sec- 
tion rendering  the  bottom  honeycombed. 
There  is  great  variation  in  the  size  of 
the  moulds,  according  to  the  purposes 
for  which  the  ingots  are  intended. 
In  tho  International  Exhibition  of  1802,  drawings  were  exhibited 
in  the  Austrian  department  of  a  cast -steel  furnace,  constructed  on 
Siemens^  regenerative  principle  with  brown  coal  as  the  fuel.  On  each 
side  of  the  chamber,  in  which  the  pots  are  heated,  is  a  regenerator. 
The  furnace  is  successfully  in  operation  at  Mayr  a  Works  at  Kapfen- 
berg,  near  Leoben,  in  Styria.  I  am  informed  that  20  pots,  containing 
about  00  lbs.  of  metal  each,  may  be  heated  at  a  time  in  one  of  these 
furnaces.    The  consumption  of  fuel  is  3  parts  by  weight  of  brown-coal 
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to  1  of  cast-steel.  In  six  days  100  centners  (18  ctrs.=  1  ton  English) 
are  melted.  Great  improvements  in  melting  furnaces  may  be  reason- 
ably anticipated  from  the  adoption  of  Siemens' s  method. 

In  the  same  International  Exhibition,  Krupp,  of  Essen,  had  an 
extraordinary  display  of  enormous  and  marvellously  sound  ingots  of 
cast-steel,  and  of  various  objects,  such  as  rail  tyres,  locomotive  and 
marine  engine  axles,  guns,  etc.    He  is  reported  to  employ  puddled 
steel,  prepared  in  great  measure  from  Miisen  spiegcleisen,  and  to  melt  it 
in  crucibles,  each  containing  70  lbs.  or  more  of  steel.    If  so,  the  organ- 
ization must  be  carried  to  perfection  to  enable  him  to  produce  such 
large  ingots.    But,  as  Krupp  affects  considerable  mystery,  it  is  well 
not  to  place  too  much  reliance  on  mere  reports  concerning  his  mode  of 
manipulation.6    The  largest  ingot  exhibited  by  Krupp  in  the  first 
International  Exhibition,  in  1851,  weighed  2  J  tons;  whereas  tho 
largest  which  he  sent  to  the  last,  in  1862,  weighed  21  tons.    It  was  in 
the  form  of  a  solid  cylinder,  about  0  ft.  high  and  $  ft.  8  in.  in  diameter; 
and.  had  been  broken  across  to  show  the  character  of  the  fracture.  I 
examined  it  repeatedly  with  the  utmost  caro  without  being  able  to 
detect  the  least  flaw  in  any  part,  even  with  the  aid  of  a  lens ;  and  tho 
grain  was  everywhere  remarkably  uniform.    I  was  informed  that 
the  largest  ingot  which  Krupp  had  ever  cast  weighed  25  tons.  There 
was  a  rectangular  ingot  weighing  15  tons,  which  had  been  broken 
across  in  eight  places ;  and  in  none  was  any  unsoundness  visible. 
Tho  moulds  for  casting  such  large  ingots  were  of  course  vertical, 
and  were,  I  was  assured,  so  constructed  as  to  avoid  the  presenco 
of  angles,  of  which  the  inevitable  effect,  it  was  declared,  would  be 
to  cause  unsoundness,  duo  to  the  retention  of  bubbles  of  air,  and  that 
it  had  not  been  hitherto  found  practicable  to  prevent  these  defects 
by  any  arrangement  of  vent  holes,  owing  to  tho  rapid  solidification 
in  them  of  the  steel.    Uniformity  in  grain,  to  which  I  have  above 
alluded,  is  not  an  invariable  characteristic  of  Krupp's  steel  ;  for  not 
long  ago  I  received  from  Mr.  Lloyd,  chief  engineer  of  the  Navy,  part 
of  a  fractured  marine  shaft  made  of  this  stool,  which  was  veiy  much 
more  largely  crystalline  towards  the  centre  than  elsewhere. 

The  following  is  an  analysis  by  Mr.  Abel,  of  the  Koyal  Arsenal,  of  a 
portion  of  a  cast-steel  gun  made  by  Krupp  : 


Carbon,  combined   I'M 

Sihcon    0-33 

Sulphur    none. 

Phosphorus   0  02 

Manganese   truce. 

Cobalt  and  nickel    0-12 

Copper    0-30 

Iron,  by  difference   08 '  03 


100-00 


6  It  is  stated  that  tho  contents  of  the  an  arrangement  by  which,  at  a  given 

crucibles  are  first  poured  into  a  ladle  signal,  the  crucibles  can  be  raised  up  by 

similar  in  principle  to  that  described  under  the  stokers  in  tho  cellar, 
the  Bessemer  process ;  and  that  there  is 
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The  following  singular  statement  has  been  published,7  which  must 
not  be  passed  over  without  comment.  Alluding  to  the  manufacture 
of  files  from  Mister-steel,  the  author  writes,  44  These  [i.  e.  the  pieces  of 
steel  fashioned  by  tilting  into  pieces  ready  for  being  cut  into  files], 
when  ground  ready  for  cutting,  would  present  no  outward  appearance 
of  flaws :  but  the  cutter's  chisels  would  often  penetrate  parts  which 
were  unsound,  occasioned  apparently  by  a  white  powder  embedded 
in  the  steel :  to  distinguish  this  from  the  effects  of  imperfect  welding, 
it  was  called  white-loose.  It  was  a  source  of  great  annoyance  to  the 
file-makers  by  spoiling  the  appearance  of  their  files,  and  causing  them 
to  be  sold  at  an  inferior  price,  as  wasters.  They  complained  of  it 
many  years,  yet  nolxxly  cared  to  apply  a  remedy,  though  it  admitted 
of  a  very  simple  one,  and  the  case  is  cited  to  show  how  difficult  it  is 
to  get  people  to  change  their  mode  of  working;  when  at  length,  about 
twenty  years  ago,  Mr.  Kkman,  an  eminent  iron-master  of  Sweden, 
came  to  Sheffield,  and  was  shown  some  files  in  the  cut  state  with  this 
fault ;  he  expressed  an  opinion  that  he  know  what  it  was,  and  could 
send  a  few  bars  for  trial,  which  he  expected  would  be  free  from  it. 
He  did  so;  they  were  converted,  but  not  used  until  his  next  visit  to 
Sheffield,  when  the  trial  was  made  in  his  own  presence.  The  cause 
had  been  found  and  the  remedy  applied :  the  files  were  without  white- 
loose,  lie  then  explained  the  cause  of  white-loose  by  saying— 4  In  my 
country  wo  use  wood-ashes,  in  the  same. way  that  you  use  welding  sand 
at  your  forge,  when  we  weld  blooms;  and  it  is  nothing  but  wood-ashes 
mixed  with  the  iron.  The  b  irs  I  sent  you  I  saw  made,  and  would  not 
allow  the  men  to  use  wood-ashes.'  This  may  bo  a  useful  hint  to  some 
other  Swedish  iron-masters  even  now."  The  reference,  no  doubt,  is 
to  Mr.  Ciustav  Kkman.  the  inventor  of  the  gas  welding-furnace.  Haviug 
hud  the  opportunity  of  seeing  Mr.  Ekman  in  London,  Oct.  180>,  1  in- 
terrogated him  concerning  the  authenticity  of  this  story,  when  he 
informed  me  that  he  had  no  recollection  of  the  circumstance;  and  he 
certainly  could  never  have  assigned  the  presence  of  wood-ashes  as  the 
cause  of  the  alleged  defect,  which  have  never  been  used  in  Sweden 
for  the  purposo ;  and  that  such  defects  can  only  bo  due  to  the  inter- 
position of  cinder  consisting  of  silicate  of  protoxide  of  iron,  of  which 
in  steel  the  oxido  becomes  partially  reduced  by  the  carbon  of  the 
steel. 

Fusion  of  steel  in  the  reverberatory  furnace. — With  a  view  to  casting 
steel  in  largo  ingots,  it  is  obviously  desirable  to  effect  the  fusion  in 
furnaces  instead  of  crucibles.  Cupola  furnaces  cannot  be  employed 
for  the  purpose,  even  if  the  purest  fuel,  such  as  charcoal,  were, used; 
because  the  metal  would  be  materially  changed  in  composition  by 
contact  with  solid  carbonaceous  matter  at  high  temperatures.  It  only 
remains,  therefore,  to  attempt  the  solution  of  this  important  problem 
in  reverberatory  furnaces,  heated  either  in  the  usual  manner  or  by  the 
combustion  of  the  gaseous  products  of  gas-generators.  M.  Sudre,  ffl 
France,  has  proposed  the  application  of  reverberatory  furnaces  to  the 

'  !  Will  MVtuls  nnd  their  Alloys,  p.  344. 
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object  in  question,  similar  in  construction  to  those  in  which  cast-iron 
is  occasionally  melted  for  gun-founding  or  other  purposes,  in  which 
the  quality  of  the  metal  is  of  the  highest  importance.  Accordingly, 
Sudre's  proposal  has  been  tested  on  the  large  scale  in  France  by  order 
of  the  Emperor  Napoleon.  The  experiments  have  been  conducted  at 
the  forges  of  Montataire,  under  the  inspection  of  Treuille  de  Beaulieu, 
Colonel  of  Artillery,  Henri  Sainte-Claire  Deville,  and  Caron,  Captain 
of  Artillery.  An  official  report  of  the  results  has  been  published  in 
the  *  Annates  des  Mines'  for  1862,'  from  which  I  present  the  following 
condensed  account. 

The  difficulties  to  be  encountered  are  chiefly  two,  the  decarburiza- 
tion  of  the  steel  by  oxidation,  and  the  corrosion  of  the  furnace  by  the 
oxide  of  iron  generated.  The  first,  it  is  alleged,  has  been  overcome 
by  covering  tho  metal  with  a  flux  of  common  bottle  glass,  or  of 
blast-furnace  cinder,  and  a  remedy  is  suggested  for  the  second.  Tho 
conclusions  at  which  the  reporters  arrived  are  succinctly  given  as 
under : 

44  1.  That  the  fusion  of  the  steel  under  this  slag  took  place  easily 
and  rapidly  without  causing  the  metal  to  lose  any  of  its  qualities. 

M  2.  That  by  this  method  of  fusion,  2000  kil.  (about  2  tons)  of  steel 
might  be  melted  without  difficulty  in  the  same  furnace. 

**  3.  That  actually,  in  spite  of  certain  imperfections  in  the  trial 
furnace,  there  would  be  notable  economy,  as  well  from  the  suppression 
of  crucibles,  as  in  the  diminished  consumption  of  the  fuel  employed  in 
relation  to  the  quantity  of  steel  molted. 

44  4.  That  furnaces  constructed  of  refractory  bricks  only  offer  an 
imperfect  resistance  (ne  resistant  que  mediae  mnent)  on  account  of  tho 
multitude  of  joints,  and  that  it  would  be  advantageous  to  make  the 
beds  and  roofs  either  of  one  piece,  or  of  a  small  number  of  pieces 
fitting  together  by  grooved  joints,  like  the  beds  of  copper  furnaces. 
[This  construction  of  the  beds  of  copper  furnaces  is  new  to  me.] 

44  In  fine,  it  seems  well  established,  that  the  process  of  M.  Sudre  is  a 
decided  improvement  in  the  fabrication  of  cast-steel,  that  it  is  sus- 
ceptible of  being  used  with  advantago  in  practice,  and  that  it  will 
only  further  remain  to  make  some  experiments  upon  the  nature  of 
the  materials  most  suitable  to  be  employed  in  the  construction  of  the 
furnace,  and  upon  tho  forms  best  adapted  to  utilize  all  tho  heat  of 
the  furnace. 

44  We  are  convinced  that  it  is  every  way  to  tho  interest  of  manufac- 
turers to  try  the  new  process  comparatively  with  the  old  one  ;  and  wo 
doubt  not  that  it  will  be  eagerly  adopted  by  our  steel-makers,  as  soon 
as  they  learn  the  happy  results  of  these  first  trials,  made  under  tho 
high  patronage  of  the  Emperor,  trials  which  add  a  fresh  testimony  to 
the  lively  interest  which  inspires  His  Majesty  concerning  everything 
which  may  contribute  to  the  progress  of  French  industry." 

Notwithstanding  this  wise  generosity  on  the  part  of  the  Emperor, 
who  defrayed  the  expenses  of  the  investigation,  wo  are  informed  that 
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Sudre's  *4  processes  are  patented  both  in  France  and  abroad,  and  cannot 
be  employed  without  the  consent  of  the  inventor." 

M.  Sudre  is  not  the  first  to  employ  bottle-glass  as  a  flux  in  melting 
steel,  for  Huntsman  is  reported  to  have  employed  the  same  substance 
in  his  crucibles.* 

1  have  not  considered  it  worth  while  to  present  any  detailed  account 
of  the  experiments  recorded  in  the  paper  to  which  the  foregoing  sum- 
mary is  prefixed.  Numerous  calculations  as  to  the  precise  cost  of 
melting  steel  in  the  reverberatory  furnace  compared  with  that  of  melt- 
ing it  in  crucibles  are  given  ;  but  it  will  bo  time  enough  to  consider 
this  part  of  the  subject  when  the  process  shall  be  adopted  in  practice, 
as  it  may  possibly  have  been  in  certain  establishments  in  Germany 
prior  to  the  date  of  M.  Sudre's  patents.  If  the  application  of  a  rever- 
beratory furnace,  coupled  with  the  use  of  bottle-glass,  be  properly  the 
subject  of  a  patent,  it  is  not  easy  to  divine  what  invention  may  not 
hereafter  be  patented. 

The  addition  of  Manganese  in  the  Casting  of  Steel. 

In  a  patent  granted  in  1839,  Josiah  Marshall  Heath1  claimed  the 
introduction  of  manganese, — as  prepared  by  the  reduction  of  a  mixture 
of  black  oxide  of  manganese  and  carbonaceous  matter  at  a  very  high 
temperature, — or,  as  it  was  termed,  "carburet  of  manganese,"  into  the 
crucibles  along  with  the  broken  up  blister  steel  to  be  melted  into 
cast-stcel. 

The  following  is  an  extract  from  the  specification,  including  all  that 
relates  to  the  carburet  of  manganese  : 

14 1  further  propose  to  improve  the  quality  of  malleable  or  bar-iron 
by  adding  to  the  pig  or  plate-iron  in  the  puddling-furnace,  while  in 
fusion,  from  one  to  five  per  cent.,  or  thereabouts,  of  auy  pure  oxide  of 
manganeso,  but  without  mixture  of  any  other  substance,  the  sesqui- 
oxido  being  that  which  I  prefer.  Lastly,  I  propose  to  make  an  im- 
proved quality  of  cast-steel,  by  introducing  into  a  crucible  bars  of 
common  blistercd-steel,  broken  as  usual  into  fragments,  or  mixtures 
of  cast  malleable  iron,  or  malleable  iron  and  carbonaceous  matters, 
along  with  from  one  to  three  per  cent  of  their  weight  of  carburet  of 
manganese,  and  exposing  the  crucible  to  the  proper  heat  for  melting 
the  materials,  which  are,  when  fluid,  to  hi  poured  into  an  ingot 
mould  in  the  usual  manner;  but  I  do  not  claim  the  use  of  any  such 
mixture  of  cast  and  malleable  iron,  or  malleable  iron  and  carbonaceous 
matter,  as  any  part  of  my  invention,  but  only  the  use  of  carburet  of 
manganese  in  any  process  for  the  conversion  of  iron  into  cast-steel." 

By  this  addition,  blister-steel,  prepared  from  the  comparatively 
low  priced  bar-iron  of  British  manufacture,  will  yield  malleable,  weld- 
able  cast-steel ;  whereas  previously  such  cast-steel  could  only  bj  made 
from  high  priced  descriptions  of  bar-iron,  such  as  the  Swedish  or 


•  The  Useful  Metals  and  their  Alloys,  p.  348. 
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Russian.  Heath  soon  afterwards  found  that  an  intimate  mixture  of 
oxide  of  manganese  and  carbonaceous  matter  might  be  substituted  for 
the  so-called  carburet  of  manganese,  whereby  the  expense  of  the 
separate  reduction  of  this  substance  might  be  avoided.  He  granted 
licences  to  certain  steel-makers  at  Sheffield,  and  entered  into  arrange- 
ments to  supply  them  with  manganese  in  a  suitable  state  for  immediate 
application.  Accordingly,  instead  of  furnishing  the  identical  substance, 
named  in  the  specification,  "  carburet  of  manganese,"  he  substituted  the 
mixture  above  mentioned.  A  person,  of  the  name  of  Unwin,  was 
employed  by  Heath  as  an  agent  for  conducting  the  commercial  part  of 
the  business ;  and  very  soon  this  person  started  as  cast-steel  maker  on 
his  own  account,  using  the  mixture  of  manganese  instead  of  the  carburet, 
and  denying  that  ho  had  thereby  infringed  Heath's  patent.  Several 
steel-makers  at  Sheffield  combined  with  Unwin,  and  provided  a  common 
fund,  wherewith  to  contest  Heath's  claim  to  the  application  of  the 
mixture.  Costly  and  protracted  litigation  was  the  result,  and  the  oppo- 
nents of  Heath  finally  triumphed  over  Heath's  widow  in  an  appeal  to 
the  House  of  Lords.  One  of  the  points  repeatedly  discussed  before 
the  Court  was,  whether  carburet  of  manganese  would  necessarily  be 
formed  when  the  mixture  was  employed ;  for,  if  so,  the  use'  of  this 
mixture  would  only  bo  a  colourable  imitation,  and  would  constitute  an 
infringement  of  the  patent.  The  scientific  evidence  was  in  favour  of 
the  production  of  carburet  of  manganeso  in  the  case  of  the  mixture  ;  and 
my  conviction  is,  that  this  conclusion  was  perfectly  justified.  When  a 
mixture  of  black  oxide  of  manganese  and  an  excess  of  carbonaceous 
matter  is  heated  in  close  vessels  so  as  to  yield  metallic  manganese, 
the  temperature  must  be  extremely  high ;  and  it  may  be  inferred,  with 
a  degree  of  certainty  which  would  be  regarded  as  conclusive  by  che- 
mists in  general,  that  in  the  presence  of  an  excess  of  carbonaceous 
matter — a  condition  supposed— the  metal  would  at  the  instant  of  its 
liberation  take  up  carbon,  and  become  what  is  designated  carburet  of 
manganese.  The  carburization  of  the  metal  would  proceed  pari  passu 
with  its  reduction.  Juries  and  some  of  the  judges  accepted  this  view  ; 
but  other  members  of  the  bench  came  to  an  opposite  conclusion.  Not 
a  few  ridiculous  remarks  wore  made  by  some  of  these  expounders  of  tho 
law,  as  to  the  impossibility  of  looking  into  tho  crucibles  heated  to 
whiteness  and  seeing  what  goes  on  therein  !  The  evidence  in  such  a 
case  cannot  bo  actually  demonstrative  to  the  eye  of  an  observer,  yet 
may,  nevertheless,  be  clear  and  decided. 

My  friend,  Mr.  Webster,  who  was  one  of  tho  counsel  for  Heath,  has 
published  an  excellent  report  of  all  tho  legal  proceedings  in  this  cele- 
brated patent  case,  from  which  I  have  obtained  my  information  on  the 
subject.'  Tho  various  judgments  are  given  in  extenso  ;  and  that  of  Lord 
Brougham  especially  should  not  be  allowed  to  pass  without  comment 
in  this  work.  His  Lordship  in  the  early  part  of  his  career  devoted 
considerable  attention  to  particular  branches  of  science,  especially 


2  The  Owe  of  Josiah  Marshall  Heath, 
tho  inventor  ami  introducer  of  the  manu- 
facture of  welding  cast-steel  from  British 
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Optics  ;  but,  when  ho  delivered  the  judgment  in  question,  it  is  certain 
that  he  hud  not  kept  pace  with  the  progress  of  chemical  science.  The 
nomenclature  is  inaccurate,  aud  the  illustrations,  of  which  he  availed 
himself,  are  neither  correct  nor  apposite.  While  I  have  not  the  pre- 
sumption to  impugn  the  soundness  of  his  Lordship's  law,  I  have  no 
hesitation  in  disputing  the  accuracy  of  his  Lordship's  chemical  and 
metallurgical  knowledge  ;  and  in  justification  1  appeal  with  confidence 
to  the  following  extract  from  Mr.  Webster's  report  of  the  case  : — 

41  Take  this  case.  Glauber  (*c)  salts  is  a  perfectly  well-known  coin 
j>ound  of  what  is  now  willed  sulphate  of  soda,  which  is  a  well-known 
compound  of  sulphuric  acid  (formerly  called  oil  of  vitriol)  and  soda. 
Supj>oso  a  patent  had  been  taken  out  for  the  use  of  glauber  salts  in  the 
manufacture  of  any  iiatent  medicine,  and  suppose  that,  instead  of  using 
glauber  salts,  a  person,  who  was  minded  by  a  different  process  to 
arrive  at  the  same  kind  of  medicine,  had  betaken  himself  to  another 
process  founded  upon  the  fact  of  the  composition  of  glauber  salts 
lieing  of  that  acid  and  that  alkali,  and  suppose  he  had  taken,  1  will 
not  say  an  acid,  though  1  might  take  the  instance  of  an  acid,  hut  sup 
pose  he  had  described  his  nowly-in vented  drug  as  composed  of  soda 
and  other  materials  (which  we  may  suppose  to  be  analogous  to  tlu> 
steel  in  this  case),  and  that  the  other  material  of  his  drug  had  been 
ardent  spirit*,  naptha  (fir),  or  alcohol,  or  any  other  matter  of  that 
sort,  and  that  ho  had  exhibited  to  that  sulphuric  acid — in  that  jease 
I  should  say  that  although  sulphuric  acid  exhibited  to  the  mixture  of 
alcohol  and  soda  would  lead  probably  to  the  formation  of  vitriolic 
ether,  sulphuric  ether,  in  one  respect,  but  would,  there  can  he  but 
little  doubt,  in  another  respect  produce  sulphate  of  soda,  1  do  not 
think  that  that  would  have  been  an  infringement  of  the  patent  A 
very  bad  drug,  in  all  probability,  would  bo  produced,  and  probably  its 
use  would  give  considerable  confirmation  to  the  jocose  answer  that  was 
once  made  by  a  friend  of  ours  at  the  bar  to  a  medical  man  who  com- 
plained that  ho  had  been  eugaged  in  law  proceedings,  and  he  said  he 
did  not  find  our  profession  made  angels  of  men.  4  Yes,  but  yours 
does,'  said  the  learned  counsel:  4  that  is  the  difference  between  our 
professions.'  The  one  does  not  improve  their  character  here,  but  the 
other,  according  to  his  idea,  had  a  tendency  to  remove  them  from 
hence  to  another  state  of  existence  Probably  this  drug,  winch  I  ani 
supposing  to  be  made,  would  very  much  tend  to  produce  that  effect. 

44  lint  I  will  now  take  another  case.  Supposing,  instead  of  exhibit- 
ing sulphuric  acid  to  soda  and  alcohol,  and  thereby  getting  glauber 
salts  in  one  way  or  another,  it  had  been  an  exhibition  to  alcohol  of 
sulphuret  of  soda  (sic),  that  is  t<»  say,  a  compound  of  sulphur  and  Kida. 
and  that  that  sulphuret  of  soda,  with  the  alcohol,  had  been  exposed  to 
beat.  I  will  suppose  such  a  blast  of  hot  air  or  the  flame  of  a  blow- 
pipe driven  upon  the  sulphuret  of  soda  as  should  produce  combust wn 
of  the  sulphur,  and  consequently  give  rise  to  the  formation  of  sulphuric 
acid  and.  the  soda  being  present,  of  sulphate  of  aoda.  Can  Miybooj 
Raj  that  would  have  been  an  infringement  of  the  patent  which  was  a 
patent  for  the  exhibition  of  glauber  salts,  merely  because,  by  the 
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elective  attraction  of  the  substances  exhibited  to  one  another,  the  com- 
bustion of  the  sulphur  had  given  rise  to  sulphuric  acid,  and  the  sul- 
phuric acid  had  united  with  the  soda  and  produced  sulphate  of  soda, 
which  is  equivalent  to  glauber  salts?  The  answer  to  that  would  be, 
4  The  patent  is  for  glauber  salts  ;  we  know  what  glauber  salts  are ;  we 
are  told  by  this  specification  that  the  process  is  to  exhibit  glauber  salts 
for  making  the  medicine  in  question.'  The  party  wishing  to  use  the 
invention,  and  to  infringe  it,  or  to  do  what  was  alleged  to  be  an 
infringement  of  it,  would  have  said,  4  No,  I  cannot  use  glauber  salts, 
1  know  that  well  enough,  because  the  specification  claims  the  exclusive 
use  of  glauber  salts.  But  I  am  not  excluded  from  using  sulphur,  I  am 
not  excluded  from  using  soda,  I  am  not  excluded  from  mixing  sulphur 
and  soda  together  with  alcohol,  and  combining  them  with  the  oxygen 
of  the  atmosphere  in  order  to  get  sulphuric  acid,  and  thereby  to  make 
something  of  the  same  sort  as  the  medicine  in  question  :  1  am  there- 
fore free  to  do  that,  though  I  am  not  free  to  use  glauber  salts.'  " 

Whatever  the  decision  of  the  law  may  be,'the  chemist  would  assert, 
that,  in  compounding  physic,  in  which  Glauber's  salts  or  sulphate  of 
soda  fs  the  essential  constituent,  it  matters  not  whether  the  salt  be 
directly  employed,  or  the  elements,  sulphuric  acid  and  soda,  which, 
on  coming  in  contact,  would  of  necessity  generate  that  salt  ;  and  that 
silt  and  not  ether  would,  assuredly,  be  generated  under  the  circum- 
stances supposed  by  his  Lordship.  Even  on  the  judgment-seat  of  the 
most  dignified  assembly  in  the  world,  his  Lordship  could  not  refrain 
from  introducing  a  facetious  anecdote.  The  retort  of  the  barrister  to 
the  doctor  was  well  timed  ;  but  his  Lordship  has  omitted  the  rejoinder, 
which,  doubtless,  was  made  by  the  doctor,  who  added,  "  Angels  of 
your  profession  !    I  hope  so,  but  fear  the  reverse." 

The  illustration  with  respect  to  "  sulphuret  of  soda"  [sic]  is  posi- 
tively absurd,  and  unworthy  of  serious  comment.  Another  illustration, 
drawn  from  the  manufacture  of  gunpowder,  is  presented  by  his  Lord- 
ship, which,  chemically  regarded,  is  on  a  par  with  the  last,  and  which 
I  have  not  considered  it  worth  whilo  to  introduce.  Of  the  various 
judgments  delivered  in  the  courso  of  these  unparalleled  proceedings, 
that  of  Lord  Brougham  is,  undoubtedly,  the  least  scientific  and  the 
worst  expressed. 

Evidence  was  advanced  to  invalidate  Heath's  patent  on  the  ground 
of  non-novelty.3  The  late  Mr.  Webster,  of  the  Penns,  near  Birming- 
ham, a  man  of  high  character,  and  well  known  as  a  manufacturer  of 
piano-forte  wire,  deposed  that  he  hud,  between  the  years  1827  and 
18  !4,  melted  Swedish  iron  of  inferior  marks,  cut  into  pieces,  with 
black  oxide  of  manganese  and  carbon,  lie  had  with  his  own  hands 
weighed  these  materials,  and  put  them  into  the  melting-pot.  The 
manganese  was  powdered,  and  the  charcoal  in  small  pieces.    An  im- 


3  A.D.  1799,  Dec.  6,  a  j>atent  ''No.  ganese,  in  the  conversion  of  pig-iron  into 
23»>3)  was  granted  to  "William  Reynolds,  malleable  iron  or  steel,  but  neither  pro- 
far  "Preparing  iron  for  the  conversion  portion*  nor  details  are  given.  Abridg- 
thereof  into  bUm-1."  The  invention  consi>ts  mcnts  p.  17. 
in  the  use  of  oxide  of  manganese,  or  man- 
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proved  quality  of  steel  was  alleged  to  have  been  thus  produced  from 
inferior  iron ;  and  44  the  improvement  was  a  greater  degree  of  tenacity, 
and  its  [t.  e.  the  steel]  being  perfectly  malleable."  The  cast  steel  so 
made  was  called  44  malleable  or  welding  steel."  Mr.  Webster  used  the 
greater  proportion  himself,  and  sold  the  rest  as  44  malleable  or  welding 
steel."  lie  bought  regularly  the  quantity  of  manganese  required 
from  time  to  time,  lie  further  stated  that  44  the  making  steel  by  black 
oxide  of  manganese  and  carbon  has  been  in  use  from  1837  to  the 
present  time,"  and  that  he  44  was  entirely  ignorant  of  the  patent  of 
Heath  till  1850."  He  had  kept  the  process  secret.  Mr.  Webster's 
evidence  was,  except  as  to  the  point  of  secrecy,  corroborated  by  that 
of  his  son,  now  also  deceased ;  but,  on  cross-examination,  this  witness 
declared  that  ho  had  44  given  no  instructions  to  keep  it  a  secret,"  and 
that  it  was  44  a  secret  which  every  one  knows."  It  will  be  observed  that 
the  charcoal,  according  to  Mr.  Webster,  senior,  was  44  in  small  pieces  ;" 
and  from  this,  it  is  certain,  that  the  reduction  of  the  oxide  of  manga- 
nese must  have  been  exceedingly  incomplete. 

Mr.  David  Francis  Davis,  manager  of  Messrs.  Hunt  (at  the  Brades' 
Steel-works,  Tividale,  near  Birmingham),  deposed  that  he  had  melted 
cast-steel  at  the  Messrs.  Hunt's  works  in  conjunction  either  with  oxide 
of  manganese  alone,  or  with  that  oxide  and  carbon.  The  product  was 
called  44  welding  cast-steel."  Ho  kept  tho  process  secret,  and  deceived 
the  workmen,  who  were  with  him,  when  it  was  performed.  Davis's 
evidence,  as  reported,  is  somewhat  ambiguous.  It  is  as  follows  : — 
*4  1  made  it  [cast-steel]  ;  I  have  mado  it  with  blistered  steel  and  iron 
not  converted  ;  with  iron  I  should  put  a  large  quantity  of  carbon  ; 
in  both  cases  I  should  uso  carbon  if  needed  [in  the  case  of  iron  steel 
could  not  be  made  without  it],  and  have  used  oxide  of  manganese  if  I 
wanted  it  milder  than  usual ;  the  black  oxide  and  the  carbon  reduced  the 
temper  ;  I  have  made  it  so  soft  that  a  blacksmith  could  not  break  it." 
Tho  idea  of  carbon  reducing  the  temper  in  tho  sense  in  which  that 
expression  is  here  used  is  ridiculous.  It  is  perfectly  clear  that  the 
44  mildness"  was  the  result  of  tho  oxidizing  action  of  the  oxide  of 
manganese  upon  tho  carbon  of  the  steel,  whereby  tho  latter  became 
propo  rtionately  decarburized.  The  metal  which  was  so  soft  that  a 
blacksmith  could  not  break  it,  closely  approximated  to  malleable  iron. 
In  all  the  cases  in  which  oxide  of  manganese  was  employed  in  the 
casting  of  steel  before  the  publication  of  Heath's  specification,  it  is 
probable  that  the  efTect  produced  was  simply  one  of  decarburization  in 
a  greater  or  less  degree  by  oxidation,  the  oxygen  being  supplied  bv 
the  oxide  of  manganese.  But,  in  the  manner  in  which  Heath  em- 
ployed manganese,  it  is  certain  that  it  could  not  have  occasioned  any 
such  result. 

Evidence  was  advanced  to  the  like  effect  by  other  witnesses,  amongst 
whom  was  a  Mr.  Samuel  Mitchell,  who  expressed  the  following  dog- 
matic opinion  :— 44  Carburet  [of  manganese]  would  not  be  formed  before 
the  steel  was  fused;  it  would  be  formed  about  an  hour  after  steel  was 
fused."  The  evidence  on  this  point,  it  need  hardly  bo  observed,  is 
worthless. 
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Witnesses,  on  the  other  hand,  testified  in  decided  terras  in  favour  of 
the  novelty  of  Heath's  invention,  especially  Mr.  Charles  Atkinson,  a 
manufacturer  of  steel  at  Sheffield  for  upwards  of  thirty  years. 

One  thing  seems  undoubted,  namely,  that  the  use  of  carburet  of 
manganese,  or  of  a  mixture  of  oxide  of  manganese  and  carbonaceous 
matter,  did  not  como  into  use  at  Sheffield  until  after  the  publication 
of  Heath's  specification  ;  and  that  is,  assuredly,  a  strong  argument  in 
support  of  its  claim  to  novelty.  And  to  me  it  appears  also  clear,  that 
those  who  professed  to  have  previously  employed  oxide  of  manganese 
and  carbon,  could  only  have  done  so  in  a  very  inefficient  manner, 
seeing  that  intimate  admixture  is  absolutely  essential  to  tho  success 
of  the  process,  a  condition  to  which  they  did  not  even  make  a  passing 
allusion.  Heath,  on  the  contrary,  propared  a  most  intimate  mixture 
with  coal-tar,  which  was  afterwards  dried,  and  hardened  into  lumps  by 
heating  it  in  close  vessels.  If  the  mixture  be  not  intimate,  rapid 
corrosion  of  the  pots  will  be  the  result.  Few  persons,  if  any,  have 
had  more  experience  than  myself  in  the  production  of  metallic  manga- 
nese or  its  alloys,  so  that  I  may  be  permitted  to  express  myself  some- 
what decidedly  on  the  subject.  I  have  studied  the  report  of  Heath's 
case  with  great  attention,  and  deeply  reflected  on  the  evidence;  and 
the  conclusion  at  which  I  have  arrived  is,  that  if  any  man  ever  de- 
served a  patent,  Heath  was  that  man.  Of  course,  I  pretend  to  offer 
no  opinion  as  to  the  law  of  tho  case,  but  judge  simply  according  to 
my  metallurgical  knowledge,  and  the  principles  of  what  I  believe  to 
be  common  sense. 

"  A  considerable  degree  of  uncertainty,"  writes  Mr.  Webster,  "  is, 
unfortunately,  an  incident  of  the  legal  proceedings  necessary  for  the 
maintenance  and  protection  of  property  in  inventions,  but  Heath's  is  a 
most  remarkable  instance  of  such  uncertainty.  Tho  result  of  fifteen 
years'  litigation— in  which  no  less  than  eighteen  learned  Judges,  Privy 
Councillors,  and  noble  Lords  took  part — was  that  of  eleven  of  the 
Judges,  the  Lord  Brougham,  and  the  Lord  Chancellor — seven  were 
in  favour  of  and  six  against  the  claim  of  Mr.  Heath  ;  of  tho  eleven 
Judges  who  delivered  their  opinions  to  the  House  of  Lords,  at  tho  final 
stage  of  tho  proceedings,  seven  were  in  favour  of,  and  four  against,  the 
claim  of  Mr.  Heath ;  and  the  House  of  Lords  decided  in  conformity 
with  the  opinion  of  the  minority." 

Mr.  Webster  puts  the  Issue  clearly  in  few  words,  as  follows : — "  Mr. 
Heath  was  the  author  of  an  invention  conferring  commercial  profits 
to  be  reckoned  by  millions ;  he  described  the  invention  in  one  set 
of  terms,  according  to  the  best  of  his  knowledge  at  the  time.  The 
manufacturers  adopted  a  process  chemically  equivalent,  tho  same  in 
effect  and  result,  but  admitting  of  being  described  in  somewhat  dif- 
ferent terms,  inasmuch  as  it  consisted  in  tho  use  of  the  known  che- 
mical elements  of  the  substance  [and  which,  Mr.  Webster  might  havo 
added,  must  of  necessity  have  produced  that  substance  under  the  con- 
ditions of  its  application],  instead  of  the  substanco  itself.  The  know- 
ledge of  tho  use  of  these  elements  instead  of  tho  substance  was  com- 
municated by  Mr.  Heath  to  tho  manufacturers,  within  a  few  months 
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after  the  date  of  his  patent,  and  while  the  invention,  so  to  speak,  was 
on  its  trial  for  adoption  by  the  manufacturers.  Its  immediate  adoption, 
under  the  advice  and  direction  of  Mr.  Heath  and  his  agent,  followed 
on  the  first  experiments,  and  showed  a  saving  of  from  forty  to  fi  fty  per 
cent,  on  the  cost  of  the  steel.  The  royalty  demanded  by  Mr.  Heath 
was  about  one-jiftieth,  or  tico  per  cent,  on  such  saving.  The  payment  of 
this  or  of  any  sum  to  Mr.  Heath  was  refused  by  a  section  of  the  steel- 
manufacturers,  who,  relying  on  the  refined  distinction  just  adverted 
to,  created  out  of  their  savings  a  common  fund  wherewith  to  contest 
his  rights  ;  the  expense  of  the  fifteen  years'  litigation  falling  wholly 
upon  himself,  fighting  single  handed  against  a  common  purse,  the 
accumulation  of  the  wealth  which  he  had  created." 

According  to  Mr.  Webster,  Heath's  is  the  only  reported  case  in 
which  the  opinion  of  a  jury  upon  such  a  question  has  been  overruled 
by  the  Court.  Heath  was  in  the  Honourable  East  Tndia  Company's 
Civil  Service  in  the  Madras  District;  and  it  was  he  who  established 
the  Porto  Novo  Iron-works.  He  died  in  the  interim  between  the 
third  action  in  1850,  and  the  subsequent  proceedings  in  the  Exchequer 
Chamber  in  1862.  His  death,  there  is  good  reason  to  believe,  was  has- 
tened by  the  anxiety  and  difficulties  in  which  he  became  involved  in 
attempting  to  maintain  his  rights.  Of  all  the  actors  in  this  "eventful 
drama,"  as  Mr.  Webster  properly  designates  it,  the  agent,  Unwin,  is 
least  to  be  admired  or  envied. 

Theory  of  the  action  of  manganese  ujton  cast-steel. — It  might  have  been 
expected  that  this  action  would  long  ago  have  been  clearly  ascertained ; 
but,  so  far  as  I  know,  this,  unfortunately,  is  not  the  case.  It  can  only 
be  determined  by  accurate  chemical  analysis.  Steel,  it  is  maintained, 
which,  if  melted  /*?>•  st,  can  neither  be  worked  satisfactorily  under  the 
hammer,  nor  welded,  becomes  both  malleable  and  weldable  by  fusion 
with  a  small  proportion  of  manganese.  The  carbon,  which  the  manga- 
nese may  contain,  cannot,  obviously,  be  concerned  in  this  action, 
which  must  be  exclusively  due  to  the  metal  itself.  Is  the  action 
mechanical,  or  chemical,  or  both? 

At  my  request,  Mr.  E.  F.  Sanderson  prepared  for  me  specimens  of 
cast-steel,  made  from  the  same  bar- steel,  melted  without  and  with 
manganese  in  the  manner  usually  practised  in  Sheffield.  They  were 
in  the  form  of  ingot  ends,  showing  fracture,  and  were  accompanied 
with  specimens  of  the  same  steels  tilted  to  a  smaller  size.  Analyses  of 
portions  of  the  ingot-ends  have  been  made  in  my  laboratory  by  Mr.  A. 
Dick,  the  carbon  alone  not  having  been  determined.  The  results  are 
as  follow  :-— 

I.  II. 

Mclied  ;*r  ft-        Melted  with  manganese. 


Iron    99-05  WOO 

Maiupim-bc    0  03  0  10 

Silicon    0-24  0  24 

Sulphur   005  007 

PhoMphorm   0-02  o  <»2 

Aluminium    0*12  0  01 


Carbon,  not  tlfU-rminul   —  — 

SO- 51  HO- S3 
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Traces  of  lead,  tin,  and  copper  wore  found  in  No.  II.  by  operating 
upon  1200  grains;  but  no  similar  examination  was  made  of  No.  I. 
The  analyses  were  made  with  the  utmost  care,  and  the  reagents  em- 
ployed were  specially  tested  as  to  purity.  Both  steels  perfectly  dis- 
solved in  hydrochloric  acid,  without  any  trace  of  residue.  Not  a 
trace  either  of  lime  or  magnesia  could  bo  detected. 

The  effect  of  fusion  with  manganese  appears  to  have  chiefly  con- 
sisted in  removing  0*1 1°/0  of  aluminium,  and  adding  0*07  °/  of  man- 
ganese. But  it  must  not  be  supposed  that  I  presume  to  draw  any 
decided  general  conclusion  from  two  analyses  only.  I  present  them 
because  the  results  may  be  useful  to  others,  who  may  be  induced  to 
investigate  this  interesting  subject  in  a  proper  manner. 

The  late  Mr.  T.  II.  Henry  entertained  the  opinion,  that  a  certain 
proportion  of  silicon  was  essential  to  good  steel,  and  was  as  important 
us  carbon.  In  a  communication  to  Mr.  E.  F.  Sanderson  concerning 
the  action  of  manganese,  ho  thus  expressed  himself : — 11  The  manga- 
nese which  you  use,  if  it  be  such  as  I  have  seen,  is  a  carburet  of  the 
metal,  containing  a  considerable  quantity  of  silicon  ;  and  it  must  not  be 
forgotten  that  you  introduce  these  substances  into  your  steel  by  fusing 
them  together.  Now,  there  is  no  doubt  that  the  steel  becomes  moix) 
fusible,  more  uniform  and  homogeneous  in  its  texture  by  this  addition. 
I  do  not,  however,  believe  that  this  is  owing  to  the  metal,  manganese, 
which  is  alloyed  with  the  iron,  but  to  the  compound  that  you  add. 
It  is  a  flux  at  a  high  temperature,  which  unites  with  the  steel ;  and, 
although  it  may  improve  its  smoothness  and  uniformity  of  composition, 
so  to  speak,  yet  I  have  no  doubt  that  it  must  affect  its  elasticity  in 
some  degree."  Mr.  Henry  lays  particular  stress  on  the  comparatively 
large  proportion  of  silicon,  which  ho  found  in  hoop  L  iron.  The 
influence  of  silicon  on  steel  has  not  been  sufficiently  investigated  to 
justify  a  decided  conclusion  on  the  subject ;  and  tho  correctness  of  Mr. 
Henry's  opinion  can  only  be  determined  by  accurate  experiments. 

Mr.  Parry  has  recently  investigated  the  properties  of  steel  alloyed 
with  manganese ;  and  the  conclusions  at  which  he  has  arrived  are, 
that  it  is  a  corrective  of  red-shortness,  so  that  cast-steel,  which  can 
only  bo  hammered  or  rolled  at  a  low  red-heat,  may,  when  alloyed  with 
from  0\5 °/0  to  1*0%  of  manganese,  be  hammered  or  rolled  at  a  much 
higher,  and  even  welding,  temperature  ;  but  that  the  presence  of  man- 
ganese in  sensible  quantity  in  steel  renders  it  more  brittle  while  cold. 
Mr.  Parry,  therefore,  suggests  that  it  is  desirable  to  avoid  having  re- 
course to  manganese,  and  that,  in  order  to  this,  it  will  bo  nceessary  to 
employ  more  powerful  machinery  for  rolling  than  is  now  generally  in 
operation.  This  suggestion  deserves  careful  consideration,  especially 
at  the  present  time,  when  so  much  attention  is  being  directed  to  tho 
production  of  steel  on  the  large  scale  for  purposes  of  construction. 

Hardening  and  Tempering  Steel. 

When  steel  is  heated  to  redness,  and  then  plunged  while  red-hot 
into  cold  water,  or  is  otherwise  suddenly  cooled,  it  acquires  great 
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hardness  and  brittleness.  On  reheating  to  redness  and  allowing  it  to 
cool  slowly,  ifs  original  softness  and  malleability  are  restored;  and 
when  it  is  reheated  even  far  below  redness,  and  afterwards  suddenly 
cooled,  it  is  also  softened,  the  degree  of  softening,  within  certain  limits 
of  temperature,  being  inversely  proportionate  to  the  temperature.  It 
is  thus  possible  to  communicate  to  the  same  steel  widely  different 
degrees  of  hardness ;  and  the  process  by  which  this  is  effected  is  called 
tempering.  The  steel  is  first  rendered  extremely  hard  in  the  manner 
above  stated,  and  is  subsequently  reheated  and  suddenly  cooled  at 
different  temperatures  according  to  the  degree  of  hardness,  or  the 
44  temper,"  desired.  During  the  process  of  reheating,  the  surface  of 
the  steel  having  been  previously  brightened,  will  present  a  succession 
of  characteristic  colours  corresponding  to  different  temperatures ;  and, 
consequently,  these  colours  render  the  use  of  thermometrical  instru- 
ments unnecessary.  In  the  following  table  these  colours  are  stated 
in  the  order  of  their  appearance,  with  the  accompanying  tempera- 
tures :* — 


Temperature. 


24H 


'288 


43(T 
450 
470 
\  490 

510 

530 
550 
5..0 
600 


Colour. 


Very  pale  yellowish 

Pule  straw   

Full  yellow 


Temper  of  various  article*. 


Lnoetl. 

«  Rest  razors  and  most  surgical  instru- 
\  merits. 
Common  razors,  penknives,  etc. 


Urown  | 4  Small  shears,  scissars,  cold  chisels  for 

I    cutting  iron  rold,  hoes. 


eoM, 


Purple    Table-knives,  large  shears. 

Bright  blue.   Swords,  watch-springs,  bell-sprines. 

Full  blue    Fine  saws,  daggers,  augers. 

Dark  blue    Hand  and  pit  saws. 


It  has  long  been  known  that  by  hardening  steel  expands  sensibly, 
and  consequently  decreases  in  specific  gravity.  Reaumur  seems  first 
to  have  recorded  the  results  of  accurate  experiments  on  the  subject: 
44  M.  Perrault,"  ho  writes,  44  has  already  observed  before  us  that  a  steel 
wire  after  hardening  could  not  pass  through  the  same  hole  as  before 
hardening ;  I  have  repeated  this  experiment  in  many  different  ways, 
and  1  have  always  found  an  increase  of  volume  in  hardened  steel ; 
but  T  wished  further  to  ascertain  the  extent  of  this  increase,  and 
whether  it  was  sufficient  to  admit  of  being  determined  bv  measure- 
ment.  1  had  made  callipers  of  iron,  in  which  a  piece  of  steel,  6  in. 
long,  just  fitted ;  my  pieces  of  steel  were  usually  2  in.  wide  bv  6  lines 
thick.  After  they  had,  in  the  process  of  hardening,  acquired  a  whit^h 
red  colour,  1  always  found  them  at  the  least  1  line  longer  than  in  tie 
original  soft  state  :  there  was  increase  in  other  directions,  as  well  as 
length,  but  this  it  was  not  so  easy  to  measure  as  elongation ;  that  is  no 
reason  for  doubting  that  it  was  proportionate  to  the  increase  in  length. 


*  Fnrkes's  Chemical  Essays.    4.  p.  4*5. 
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This  granted,  the  diameters  of  the  volumes  of  steels  hardened  at  a 
certain  degree  of  heat,  are  to  those  of  the  volumes  of  steels  not  hard- 
ened, at  least  as  145  to  144."  Hence,  Reaumur  computed  that  in  the 
process  of  hardening  steel  increased  in  volume.*  Rinmann  states 
that  he  confirmed  the  truth  of  the  preceding  observations  of  Reaumur : 
he  found  that  two  pieces  of  cement  or  blister-steel  (HrennstaJd)  had  the 
specific  gravities  7*751  and  7*991  in  the  unhardened  state  ;  and  after 
hardening  the  respective  specific  gravities  7*oo3  and  7*708.*  The 
same  metallurgist  remarks  that  the  specific  gravity  of  Styrian  steel, 
on  the  contrary,  is  7*782  in  the  unhardened,  and  7*822  in  the  hardened 
state,  and  that  by  hardening  it  is  reduced      in  volume.7 

The  amount  of  change  in  the  volume  of  steel  induced  by  hardening 
will  vary  with  the  temperaturo  at  wliich  it  is  heated  previously  to 
cooling.  When  steel  is  hardened  at  a  very  high  temperature,  it  loses 
all  tenacity  and  elasticity,  and  becomes  extremely  brittle ;  and  these 
effects  are  ascribed  by  Karstcn  to  the  greater  increase  of  its  volume 
consequent  on  such  treatment.' 

Eisner  has  determined  the  effect  of  hardening  upon  the  specific 
gravity  of  cast-steel.9    The  results  are  as  under : 

Specific  gravltj  it  11"  C 

Unhardened.  Hardened. 

Cust-stcel   7 -9288  7-6578 

Ditto  rcmelted   8  0923         7 '7647 

The  same  east-steel  melted  with     of  silver   8*0227         7  9024 

Caron  has  recently  published  several  observations  on  the  exact 
changes  in  dimensions  which  steel  undergoes  in  hardening.1  A  bar  of 
steel  of  superior  quality  heated  to  the  requisite  temperature  to  harden 
well,  and  immediately  plunged  into  cold  water,  suffered  the  following 
changes  in  dimensions : 

Before.  At  a  ml  heat.      After  hardening. 

12000  20*32  19*95 

Dimensions  in  centimetres  {  1  00  1*03  1-01 

I  100  103  1-01 

Volume  in  centimetres    ...    20*00  21*557  20*351 

A  bar  of  hammered  steel  1  centimetre  square  by  20  centimetres 
long,  after  hardening,  decreased  0"005,  and  the  other  dimensions  in- 
creased 0™006.  As  these  differences  were  very  small,  Caron  repeated 
the  operation  of  hardening  several  times  upon  the  same  piece  of  steel, 
and  obtained  the  following  numbers : 


After  1 
toUn^  5 

,                      ,^  00            19*50           18*64  17*97 

Dimensions    m  J  n.94              0.%            0-97  1*00 


...  |  0. 


•93  0-96  0*97  1*00 

Specific  gravity     7*817  —  —  7*743 

These  experiments  were  repeated  upon  a  great  number  of  bars  of 
steel  of  good  quality,  and  always  with  similar  results,  the  bars  decreas- 


*  L'Art  de  convertir  le  Fer  forge"  en 
Acier,  1722.  p.  313. 

•  GeschichtedesEisens.  1785.  l.p.  134. 
I  Ibid.  p.  137. 


"  Knrsten,  Kisenhiittenkunde.  4.  p.  529. 
9  Journ.  fiir  praktische  Chemie.  1840. 
20.  p.  110. 

1  Comptes  Rtndus.  1863.  56.  p.  211. 
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ing  in  length  and  increasing  in  other  dimensions.  Other  experiments 
were  made  hy  Caron  upon  steel  wrought  in  different  ways,  and  the 
conclusions  at  which  he  arrived  are,  that  by  hardening,  steel  ham- 
mered out  into  bar  decreases  in  the  direction  of  its  extension, — round 
steel  obtained  partly  by  hammering  and  afterwards  drawn  out  (e'tirt 
au  banc)  hardly  changes  in  length, — and  rolled  steel,  whether  length- 
wise or  across  the  sheets,  increases  in  length.  In  every  case  the 
specific  gravity  diminishes  proportionately.  Kolled  steel  increased  con- 
siderably in  length,  while  tho  other  dimensions  remained  the  same. 
In  proof  of  this,  Caron  gives  the  following  results : 


Dimensions  in  centimetres  of  rolled 
German  sheet  steel  


Before  hardening. 
20  00 
1-51 
370 


After 

20  45 

1-51 
370 


It  is  stated  that  the  expansion  of  steel  by  hardening  is,  cceteris paribus, 
directly  proportionate  to  the  degree  of  carburization.2 

The  following  results  were  obtained  by  Caron  with  the  same  bar  of 
steel  heated  and  cooled  with  different  degrees  of  rapidity. 


Temperature  (Centi-| 
grade)  of  the  liquid) 
before  hardening...) 

Ditto  after  hardening... 

Duration  of  the  cool- 1 
ing  of  the  metal  ...  J 

Quality  of  tho  hanM 
en  ing  J 

Diminution  in  the 
length  of  the  bar 
after  hardening  ten 
times  


Water. 

Water. 

Water  and  10'/. 
oi  dextrine. 

Alcohol  at  36* 
(tiauroeV. 
Sp.  RT. 

10° 

50° 

10° 

10° 

22° 

61° 

23° 

3(r  5 

4"7 

11"3 

13"2 

21'7 

good 

•feeble 

very  feeble 

none 

A 

lb 

rli 

insensible 

From  a  great  number  of  experiments  on  hardening  steel  in  different 
liquids,  such  as  mercury,  water  charged  with  different  salts  or  acids, 
water  covered  with  oil  or  containing  in  solution  mucilaginous  or 
syrupy  matters,  oil,  etc.,  Caron  concludes  that  the  hardness  and  other 
effects  produced  by  hardening  appear  always  to  be  inversely  propor- 
tionate to  the  square  of  the  time  of  cooling  of  tho  metal,  which  depends 
on  tho  temperature,  the  specific  gravity,  the  specific  heat,  the  con- 
ductivity, and  "  perhaps  also  on  tho  mobility  of  the  liquid  employed 
in  hardening." 3 

When  hardened  steel  is  reheated  to  redness,  and  afterwards  left 
slowly  to  cool,  it  acquires  its  original  specific  gravity,  or  what  is 
equivalent,  its  original  volume.4 

The  scale  of  oxide  of  iron,  with  which  steel  becomes  coated  when 
heated  to  tho  welding  point  with  access  of  atmospheric  air,  is  detached 
completely  by  plunging  the  metal  while  nearly  white-hot  into  cold 
water,  leaving  a  clean,  smooth,  silver-white  metallic  surface.  This,  it 
is  alleged,  is  owing  to  the  different  rate  of  contraction  between  the 

2  Useful  Metals  and  their  Alloys,  p.  369.  »  Op.  cit.  p.  215. 

*  Karstrn,  Eisenhuttenkundr.    4.  p.  f>2<;. 
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scale  and  the  metal ;  *  but,  possibly,  the  particular  nature  of  the  surface 
of  steel  may  also  tend  to  prevent  adhesion  of  the  scale.  If  the  steel 
is  heated  to  redness,  and  then  cooled  in  cold  water,  the  surface  will 
not  be  uniformly  metallic,  but  more  or  less  mottled  with  a  dark  skin 
of  oxide. 

Hardening  and  tempering  sensibly  modify  the  fracture  character- 
istic of  steel,  especially  after  tilting,  i.  e.  drawing  out  by  quickly  re- 
peated blows  of  the  hammer.  When  a  small  tilted  bar  of  cast-steel,  of 
which  the  fractured  surface  to  the  unaided  sight  presents  no  distinct 
appearance  of  grain,  is  heated  to  redness,  the  fracture  becomes  dis- 
tinctly granular ;  and  this  occurs  whether  the  metal  is  plunged  while 
red-hot  into  cold  water,  or  is  left  slowly  to  cool.  The  size  of  the 
grain,  cceteris  fxiiibiis,  increases  with  the  temperature  to  which  the  metal 
is  exposed  before  hardening.  Hardened  at  a  cherry  red-heat  in  cold 
water,  steel  may  present  a  more  or  less  velvety  dull  fracture,  of  which 
the  grain  is  so  fine  as  to  be  no  longer  visible  to  the  naked  eye.  The 
fracture  becomes  brighter  and  lighter  in  colour  by  hardening.  The  ap- 
pearances above  described  can  only  be  seen  in  a  satisfactory  manner 
on  the  fractured  surfaces  of  small  tilted  bars,  especially  of  cast-steel. 
Schafhiiutl  has  described  with  great  minuteness  the  appearances,  with 
and  without  the  aid  of  the  microscope,  of  the  fractured  surfaces  of  steel 
produced  after  hardening  at  different  temperatures  ;  and  he  states  that 
the  fracture  of  a  thin  tilted  bar  of  steel,  after  hardening  at  a  cherry 
red-heat  in  cold  water,  resembles  the  surface  of  the  moon  as  seen 
through  a  good  telescope ! 8 

By  hardening,  within  certain  limits  of  temperature,  the  tenacity  of 
steel  is  increased;  but  beyond  those  limits,  which  may  be  stated  as 
bright  redness  and  the  welding-point  of  the  metal,  the  reverse  is  tho 
fact.  If  hardening  is  effected  at  or  near  the  welding-point,  the  frac- 
ture becomes  coarse-grained,  and  the  steel  is  said  to  bo  "burnt." 
For  each  variety  of  steel  thero  is  a  particular  temperature,  at  whieh, 
after  cooling  in  cold  water,  the  maximum  tenacity  is  produced  ;  but 
this  maximum  is  not  always  desired,  as  in  many  cases  it  is  necessary 
to  sacrifice  tenacity  in  order  to  obtain  proportionately  greater  hardness. 
It  has  been  propounded  that  steel  which  acquires  its  maximum  tena- 
city combined  with  sufficient  hardness  by  hardening  at  the  lowest 
temperature  is  to  be  regarded  as  the  best.  General  propositions  of 
this  kind  are  unsatisfactory.  Steel,  which  may  be  best  for  one  pur- 
pose, may  be  worst  for  another ;  and  there  is  no  steel  which  is  equally 
suited  for  all  purposes.  When,  consequently,  the  terms  good  and  bad 
are  applied  to  steel,  thoy  should  be  used  with  reference  to  tho  special 
objects  for  which  the  metal  is  intended.  However,  it  must  not  be 
inferred  from  these  remarks,  that  there  is  no  absolutely  bad  steel ;  for 
metal,  miscalled  steel,  has  often  been  made  which  is  quite  unfit  for  any 
purpose  whatever.  A  minute  difference  in  the  composition  of  steel 
may  cause  a  striking  alteration  in  its  quality ;  and  it  is  certain  that  the 
numerous  varieties  of  steel  in  commerce  do  ditfer  sensibly  in  compo- 

*  Kursten,  Ibid.  p.  526.  6  TiThnolopjUhe  Encyklopadio,  Vtee\\t\.  15.  p  :UI4. 
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si  lion.  There  are  five  elements  especially,  namely  carbon,  silicon, 
sulphur,  phosphorus,  and  manganese, — and  there  are  probably  others,— 
which,  in  minute  proportion,  are  known  to  affect  the  quality  of  the 
metal ;  and  as  the  proportions  of  these  substances  vary  sensibly  in 
different  kinds  of  steel,  the  reason  of  the  great  diversity  in  steels  is 
readily  intelligible.  These  differences  in  composition  depend  chiefly 
on  corresponding  differences  in  the  composition  of  the  malleable  iron 
or  the  pig-iron,  from  which  the  steel  has  been  derived.  Le  Play  speaks 
of  the  M  steely  propensity  "  (propension  acie'reuse7)  of  certain  descriptions 
of  iron,  which  is  simply  an  expression  of  ignorance,  and  nothing  less. 
Now,  it  is  only  by  careful  observations  during  long  experience  that 
workmen  engaged  in  the  hardening  and  tempering  of  steel  can  acquire 
the  knowledge  requisite  to  enable  them  to  determine  correctly  the 
temperatures  best  adapted  for  hardening  the  particular  varieties  of 
steel  in  commerce ;  and  this,  not  with  the  aid  of  thormometric  instru- 
ments, but  by  the  education  of  the  eye  alone. 

As  has  been  previously  stated,  the  physical  properties  of  steel  de- 
pend not  merely  upon  the  causes  above  assigned,  but  also  upon  the 
temperature  and  rapidity  with  which,  in  tempering,  cooling  is  effected. 
Thus,  if  two  bars  of  the  same  steel  be  hardened  at  the  same  tempe- 
rature, cooled  in  the  same  water,  reheated  under  the  samo  conditions 
until  they  exhibit  the  same  superficial  colouration,  and  then  cooled, 
one  in  water  and  the  other  in  oil  at  the  same  temperature,  each  will 
receive  a  different  temper  owing  to  the  different  rates  of  cooling  in 
the  water  and  oil  respectively ;  differences  depending  on  the  different 
conductivity  for  heat,  the  different  capacity  for  heat,  and  as  Caron 
suggests,  probably  also  on  the  different  mobility  of  the  two  liquids. 
Hence,  even  in  ancient  times,  much  importance  has  always  been 
ascribed  to  the  liquids  employed  in  tempering ;  and  now-a-days  some 
workers  in  steel  affect  considerable  mystery  in  this  respect.  In  the 
days  of  Pliny,  it  was  maintained  that  the  quality  of  the  steel  mainly 
depended  on  the  nature  of  the  water  used  in  the  process  of  hardening ; 
and  in  proof  of  this,  he  cites  several  localities,  celebrated  on  account 
of  their  steel-works,  which  had  been  erected  solely  in  consequence  of 
tho  supply  of  suitable  water,  as  no  iron  ores  existed  in  those  localities. 
The  effects  referred  to  these  waters  were,  no  doubt,  greatly  overrated; 
yet  the  belief  in  their  efficacy  had  some  foundation  in  tho  fact  that  the 
conductivity  of  water  for  heat  may  bo  modified  by  tho  presence  of 
saline  matters  in  solution.  Of  all  liquids  mercury  will  effect  the 
most  rapid  cooling,  on  account  of  its  superior  conducting  power,  as 
compared  with  water  and  other  liquids ;  and  for  experimental  purposes, 
it  may  be  conveniently  employed.  But  on  the  large  scale  its  use  may 
be  dangerous  to  the  workmen,  unless  extraordinary  precautions  be 
observed  to  prevent  contact  with  it  or  the  escape  of  its  vapour; 
and  while  these  would  probably  be  attended  with  difficulty,  they 
might  not  after  all  be  perfectly  efficacious.    Tempering  at  higher 


7  Anmdcs  des  Minos.   4  8.  3.  p.  608. 

8  Lib.  xxxiv.  cap.  xiv.  sect.  41.  Sillig's 
edition.     1851.     5.   p.  185. 


autein  differentia  in  aqua  cui  subinde  can- 
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temperatures  than  is  possible  in  water  may  be  effected  in  saline 
solutions,  in  oil,  and  in  metallic  baths  of  easily  fusible  alloys.  The 
use  of  oil  for  this  purpose  is  mentioned  by  l'liny,  as  applicable  to 
varieties  of  the  metal  which  would  become  too  hard  by  immersion  in 
water;9  and  it  has  ever  since  been  similarly  employed.  Yet,  only  a 
few  months  ago,  it  was  put  forth  in  the  newspapers  that  Mr.  Anderson, 
of  the  Arsenal,  Woolwich,  had  made  a  wondeiful  discovery  in  temper- 
ing in  oil  the  breech-pieces  of  Sir  William  Armstrong's  guns.  No  one, 
I  should  suppose,  would  be  so  much  surprised  or  annoyed  as  Mr. 
Anderson  himself,  at  being  thus  announced  as  the  inventor  of  a  process 
in  operation  ever  since  the  days  of  Fliny. 

In  hardening  and  tempering,  two  of  the  most  important  conditions 
to  be  sought  are,  that  the  steel  in  hardening  should  be  heated  and 
cooled  as  uniformly  as  possible  throughout,  and  that  in  tempering  it  . 
should  also  be  heated  and  cooled  as  uniformly  as  possible  throughout. 
With  small  objects  these  conditions  are  not  difficult  to  be  attained ; 
but  in  large  objects,  it  is  obvious  that  the  reverse  must  bo  the  case. 
It  is  possible  that  in  the  heating  of  such  objects,  every  particle  of  the 
metal  may  be  raised  to  the  same  temperature ;  but  in  the  processes  of 
cooling,  it  is  not  possible  that  every  particle  should  be  cooled  at  tho 
same  rate,  for  tho  central  portion  will  necessarily  bo  more  slowly 
cooled  than  the  exterior. 

It  is  beyond  the  province  of  this  treatise  to  describe  the  numerous 
minute  details  of  manipulation  in  the  tempering  of  objects  of  steel  of 
different  forms  and  dimensions,  and  of  different  qualities  according 
to  the  purposes  for  which  they  are  designed.  A  little  work  on  this 
subject  has  recently  been  published  by  an  experienced  manipulator 
in  steel,  Mr.  Ede,  of  the  Royal  Arsenal,  which,  so  far  as  I  am  able  to 
judge,  appears  to  contain  much  valuable  information  for  the  guidance 
of  those  who  intend  to  devote  themselves  to  what  was  formerly  desig- 
nated "  the  mystery  of  tempering  steel." 1  I,  for  one,  am  very  thankful 
to  men  practised  in  any  of  the  Metallurgic  Arts,  who  will  come  for- 
ward and  inform  us  in  an  unpretending  manner  what  they  know  about 
their  own  particular  craft.  Mr.  Ede  has  done  this,  and  deserves  the 
thanks  of  the  public  for  his  pains. 

When  the  steel  is  what  is  termed  "good,"  the  temperature,  at  which 
it  is  hardened,  should  not  exceed  low  redness ;  and  it  is  recommended 
that  the  water  in  which  it  is  immersed  should  not  be  quite  cold,  but 
M  have  the  chill  off."  Objects  having  a  bright  metallic  surface  are 
stated  to  be  more  liable  to  crack  in  hardening  than  the  same  objects 
"  with  the  skin  on,"  i.  0.  having  the  surface  coated  with  a  film  of  oxide 
of  iron,  which  it  acquires  in  rolling  or  hammering.  When  an  article 
consists  of  a  thick  and  a  thin  part,  the  former  should  be  first  immersed 


•  Pliny,  lib.  xxxiv.  cap.  xiv.  sect.  41.  ing,  and  Expansion ;  also  the  Case-Harden- 
p.  186.  "Tenuiora  ferramenta  oleo  res-  ing  of  Iron.  By  George  Ede,  employed  at 
tingui  mos  est,  ne  aqua  in  fragilitatem  the  Royal  Gun  Factories  Department, 
durentur."  Woolwich  Arsenal.     2nd  ed.  London. 

1  The  Management  of  Steel,  including  '  1863.   Small  8vo.,  pp.  31. 
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in  the  water,  in  order,  as  far  as  practicable,  to  equalize  the  rate  of 
cooling  through  the  mass.  This,  however,  cannot  always  be  done, 
as  some  articles  are  thickest  in  the  centre ;  and  these  should  be  gra- 
dually immersed  perpendicularly,  moved  up  and  down  in,  but  not 
raised  above,  the  water.  In  hardening  and  tempering  articles  such  as 
excentric  collars,  a  piece  of  iron  may  be  first  fitted  on  the  thin  side,  so 
as  to  mako  it  equal  in  thickness  to  the  thick  side,  whereby  the  rate  of 
heating  and  cooling  is  more  or  less  equalized  in  every  part.  It  is 
asserted  that  if  large  pieces  of  steel  are  taken  out  of  the  water  before 
having  become  quite  cold,  they  are  very  liable  to  crack.  Mr.  Ede 
lays  particular  stress  on  this  point,  and  declares  that  44  hundreds  of 
tiling*  break  by  lifting  them  out  before  they  are  cold."  The  same 
practical  writer  states,  that  he  has  had  much  experience  in  the  use  of 
a  bath  of  red-hot  lead  for  heating  preparatory  to  hardening ;  and  that, 
although  he  has  found  it  to  answer  admirably  for  many  articles,  yet 
ho  always  avoids  having  recourse  to  it  except  in  cases  of  necessity, 
beeauso  he  has  experienced  ill  effects  from  the  action  of  the  metal 
heated  to  this  temperature.  Before  immersing  the  articles  in  lead, 
they  should  be  rubbed  over  with  soft  soap,  a  mixture  of  black  lead  and 
water,  or  plumber's  size.  Except  when  soft  soap  is  employed,  the 
articles  should  be  well  dried  liefore  immersion  in  the  lead. 

In  tempering,  various  obvious  expedients  are  adopted  in  order  to 
heat  the  article  with  uniformity,  such  as  heated  cast-iron  plates,  sand- 
baths,  oil  or  tallow-baths,  metallic  baths,  etc.  The  following  tahle, 
showing  the  melting  points  of  various  alloys  of  lead  and  tin,  was  pub- 
lished by  Parkes  many  years  ago  for  the  use  of  working  cutlers.' 


A  New  Table  of  the  Coxrosmox  or  Metallic  Baths  for  the  Use  of 

WOBXOIO  Cl  TLERS. 


Tempe- 

Composition  of  the 

rstur* 

1 

Mlh. 

F»hrfn- 

Ueit 

No. 

Le«d. 

|  Tin. 

1 

1 

1  7 

420 D 

2 

4 

4:<0 

8 

8 

4 

442 

4 

8i 

4 

450 

ft 

10 

4 

470 

6 

Scissors,  Rhenra,  garden  hot's,  eohl  chisels,  etc  

14 

i  i 

4!M> 

7 

Ax.\  tinner  chisel.*,  piano  irons,  pocket  knives,  etc. 

19 

509 

8 

90 

4 

ft:io 

U 

48 

4 

990 

10 

Large  springs,  <lagi*ers,  angers,  small  fine  saws,  etc. 

ftO 

2 

958 

11 

Pit  saws  hand  saws,  ami  some  particular  springs... 

Boiling 

linseed  oil 

000 

18 

Articles  which  require  to  be  still  somewhat  softer... 

Melting  lead 

(J12 

In  18o4,  a  patent  was  granted  to  James  Horsfall,  of  Biiminuham, 
for  a  process  of  tempering  steel  wires  for  pianofortes  and  other  musical 


2  Chemical  Essays,  181ft.  ft.  p.  269. 
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instruments.*   This  patent,  which  has,  I  understand,  proved  highly 
lucrative,  deserves  particular  notice,  especially  as  a  patent  subsequently 
obtained  by  another  person  was  considered  to  be  an  infringement,  and 
led  to  the  usual  expensive  litigation.    The  descriptive  part  of  the  spe- 
cification is  as  follows : — 44  After  the  wire  has  been  drawn  by  the  usual 
process  to  nearly  the  diameter  which  it  is  intended  the  finished  wire 
shall  have,  I  subject  the  said  wire  to  the  following  treatment :  I  heat 
the  said  wire  to  redness,  and  immerse  it  when  bo  heated  in  water  or 
oil ;  by  this  treatment  the  wire  is  made  hard.    I  afterwards  plunge 
the  said  hardened  wire  into  a  bath  of  melted  lead,  or  other  bath  having 
about  the  temperature  of  the  melting  point  of  lead ;  I  allow  the  said 
wire  to  remain  in  the  said  bath  until  it  has  acquired  the  desired  temper. 
The  length  of  time  will  vary  with  the  size  of  the  wire.    After  this 
hardening  and  tempering  process  the  wire  is  submitted  to  a  final 
drawing,  by  which  it  is  reduced  to  the  proper  size.    Although  I  have 
described  the  method  of  hardening  and  tempering,  which  I  have  found 
in  practice  to  answer  very  well,  yet  I  do  not  limit  myself  thereto,  ax 
other  methods  of  hardening  and  tempering  may  be  resorted  to  ;  and 
although  I  prefer  to  harden  and  temper  the  wire  immediately  before 
the  final  drawing,  as  herein  described,  yet  the  said  hardening  and  tem- 
pering may  be  etfccted  at  any  stage  of  the  drawing  process  prior  to  the 
final  drawing.    By  the  treatment  described,  the  wire  acquires  a  hard- 
ness and  tenacity,  which  admirably  fit  it  for  pianofortes  and  other 
musical  instruments. 

"  I  claim  as  my  Invention  hardening  and  tempering  steel  wire  for 
pianofortes  and  other  musical  instruments  previous  to  the  final  draw- 
ing, by  which  the  wire  is  reduced  to  the  proper  diameter,  as  herein 
described." 

The  essence  of  this  patent  consists  in  finally  drawing  the  wire  tem- 
pered at  about  dark  blue,  i.  e.  about  the  melting  point  of  lead.  Expe- 
rience, I  am  informed,  has  amply  confirmed  the  practical  value  of  this 
very  simple  invention. 

The  other  patent,  to  which  T  have  referred,  was  granted  to  William 
Smith,  of  Aston,  near  Birmingham,  in  1850.*  The  essential  part  of 
the  process  is  described  in  the  following  extract  from  the  specification : 
M  My  improvements  in  the  manufacture  of  such  wire  relate  to  the  pro- 
cesses of  annealing  the  steel,  and  they  have  for  their  object  a  rapid 
and  unifonn  heating  of  it  to  redness  when  in  a  mass,  whether  such 
mass  consist  of  a  considerable  length  of  steel  wire  coiled  together,  or 
in  any  of  the  previous  stages,  to  the  solid  bar,  and  submitting  such 
masses  of  steel,  when  heated  to  the  extent  desired,  to  the  action  of 
manganese.  And  the  improvements  consist  in  so  arranging  the  parts 
of  the  annealing  furnace  that  the  fire  is  prevented  acting  directly  upon 
the  steel,  whereby  the  outer  surface  thereof  would  be  subject  to  injuries 
from  the  intense  heat  thereto,  and  the  heat  is  obtained  by  radiation. 


*  An  Improvement  or  Improvements  in 
the  Manufacture  of  Wire  for  Pianofortes, 
und  other  Musical  Instruments.  A.D. 
1854,  May  loth.    No.  1104. 


4  Improvements  in  the  Munufuehire  of 
Steel  Wire  for  Musical  and  other  Pur- 
poses.   A.D.  1S56,  April  15th.    No.  HOT. 
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44  The  part  of  the  furnace  which  receives  the  steel,  in  wire  or  other 
form,  is  separated  on  the  one  side  in  part  from  the  fire-place  (which  is 
in  the  same  arch  or  chamber)  by  a  wall  rising  towards  the  roof  or  arch 
of  the  furnace,  and  on  the  other  side  by  a  similar  wall  from  the  escape 
to  the  flue,  by  which  the  current  of  heated  matter  will  be  caused  to 
pass  over  the  masses  of  steel  on  the  furnace  bed,  and  only  heat  the 
same  by  radiation. 

M  I  do  not,  however,  confine  myself  to  the  precise  arrangement  of 
furnace  explained,  as  variations  may  be  made  therein ;  and  I  find  that 
by  such  arrangement  of  annealing  furnace  the  heat  will  communicate 
very  rapidly  throughout  the  entire  mass  of  metal  under  operation ;  and 
when  heated  to  the  extent  desired,  which  usually  occupies  from  six  to 
ten  minutes,  the  mass  is  to  be  immediately  plunged  into  oxide  of  man- 
ganese, and  it  then  goes  through  the  usual  process  of  drawing  to  reduce 

it  to  the  size  required  without  further  annealing   What  I  do 

claim  is,  the  heating  of  steel  used  in  the  production  of  wire  for  musical 
and  other  purposes,  for  the  purpose  of  annealing  in  furnaces  of  the 
character  described,  and  then  subjecting  such  steel  thus  heated  to 
the  action  of  oxide  of  manganese." 

The  essence  of  this  patent  seems  also  to  consist  in  finally  drawing 
the  wire  after  it  has  been  hardened  to  a  certain  degree,  though  tho 
mode  of  tempering  differs  from  that  described  in  the  specification  of 
the  former  patent.  Tho  question  is  whether  plunging  the  heated  wire 
in  oxide  of  manganese  is  simply  a  mode  of  tempering  the  wire  to  the 
degree  specified  in  HorsfaU's  patent,  or  whether  the  oxide  of  man- 
ganese would  act  specifically  and  in  a  manner  different  from  brick- 
dust,  oxide  of  iron,  lime,  etc.  An  action  for  infringement  was  brought 
by  Horsfall  against  Smith.  Chemical  witnesses,  as  usual,  were  sum- 
moned to  state  their  opinions,  etc.,  and  the  result  was  a  verdict  for  the 
defendant. 

Tfieory  of  Jiardening  and  tempering  steel. — In  a  former  part  of  this 
volume,  under  tho  head  of  Compounds  of  Iron  and  Carbon,  several  facts 
are  recorded  which  tend  to  elucidate  this  curious  subject.  The  ques- 
tions which  naturally  first  suggest  themselves  are,  whether  the  phy- 
sical difference  between  hard  and  soft  steel  depends  simply  on  a 
physical  cause,  or  whether  it  is  due  to  chemical  change,  or  whether  it 
depends  upon  both  these  causes  ? 

Now,  it  appears  to  be  established,  that  a  piece  of  steel,  which,  when 
hardened,  dissolves  completely  in  hydrochloric  acid,  always  yields  a 
sensible  amount  of  carbonaceous  residue  when  subjected  in  tho  soft 
state  to  the  action  of  the  same  solvent.  Mr.  Faraday,  so  far  as  I  have 
been  able  to  ascertain,  first  pointed  out  this  difference  in  1822.'  44  The 
powder,"  ho  writes,  44  procured  from  the  soft  steel  or  alloy  in  these 
experiments,  when  it  has  not  remained  long  in  the  acid,  exactly 
resembles  finely  divided  plumbago,  and  appears  to  be  a  carburet  of 
iron,  and  probably  of  the  alloying  metal  also  [i.e.,  alluding  especially 
to  steel  alloyed  with  platinum].    It  is  not  acted  upon  by  water,  but  in 


s  On  the  Alloys  of  8tcel.    Vh\\.  Trans.    Read  Mun  h  21,  1*22.  p.  2«V>. 


THEORY  OF  HARDENING  AND  TEMPERING  STEEL. 


857 


the  air  the  iron  oxidates  and  discolours  the  substance.  When  it 
remains  long  in  the  acid,  or  is  boiled  in  it,  it  is  reduced  to  the  same 
state  as  the  powder  from  the  hard  steel  or  alloy.  When  any  of  these 
residua  are  boiled  in  diluted  sulphuric  or  muriatic  acid,  protoxide  of 
iron  is  dissolved,  and  a  black  powder  remains  unalterable  by  the 
farther  action  of  the  acid ;  it  is  apparently  in  greater  quantity  from 
the  alloys  than  from  pure  steel,  and  when  washed,  dried,  and  heated 
to  300°  or  400°  [F.]  in  the  air,  burns  like  pyrophorus  with  much 
fume ;  or  if  lighted,  burns  like  bitumen,  and  with  a  bright  flame ;  the 
residuum  is  protoxide  of  iron  and  the  alloying  metal.  Hence,  during 
the  action  of  the  acid  on  the  steel,  a  portion  of  hydrogen  enters  into 
combination  with  part  of  the  metal  and  the  charcoal,  and  forms  an 
inflammable  compound  not  acted  upon  by  the  acid.  Some  striking 
effects  are  produced  by  the  action  of  nitric  acid  on  these  powders.  If 
that  from  pure  steel  be  taken,  it  is  entirely  dissolved ;  and  such  is 
also  the  case  if  the  powder  be  taken  from  an  alloy,  the  metal  of  which 
is  soluble  in  nitric  acid ;  but  if  the  powder  is  from  an  alloy,  the  metal 
of  which  is  not  soluble  in  nitric  acid,  then  a  black  residuum  is  left  not 
touched  by  the  acid,  and  which,  when  washed  and  carefully  dried,  is 
found,  when  heated,  to  be  deflagrating ;  and  with  some  of  the  metals, 
when  carefully  prepared,  strongly  explosive." 

Hardened  steel  is  much  less  readily  acted  upon  by  acids  than  the 
same  steel  softened  ;  and  in  proof  of  this,  the  following  experiment  by 
Daniell  may  be  cited.  "  A  bar  of  steel  of  an  even  granular  fracture 
was  broken  into  two.  The  two  pieces  were  heated  in  a  furnace  to 
a  cherry  red.  In  this  state  one  of  them  was  plunged  into  cold  water, 
and  the  other  allowed  very  gradually  to  cool  by  the  slow  extinction  of 
the  fire.  They  were  both  placed  in  muriatic  acid,  to  which  a  few 
drops  of  nitric  acid  had  been  added.  The  last  was  gradually  attacked, 
but  it  required  fivefold  as  much  time  to  effect  the  saturation  of  the 
acid  of  the  first.  When  the  solvents  had  ceased  to  act  they  were  both 
examined.  The  tempered  [hardened]  steel  was  exceedingly  brittle, 
its  surface  was  covered  with  small  cavities  like  worm-eaten  wood,  but 
its  texture  was  very  compact  and  not  at  all  striated.  The  untempered 
[softened]  steel  was  easily  bent  and  not  elastic,  and  it  presented  a 
fibrous  and  wavy  texture."' 

In  molten,  or  even  in  strongly  heated  solid,  steel,  the  carbon  is 
wholly  combined,  or,  possibly,  simply  dissolved ;  and  by  sudden  soli- 
dification of  the  metal  in  the  one  case,  or  sudden  cooling  of  it  in  the 
other,  the  whole  of  the  carbon  remains  diffused  through  the 
mass.  However,  the  carbon  may  have  separated  notwithstanding, 
and  exist  in  a  state  of  infimtcsimally  fine  division ;  and  it  is  con- 
ceivable  that  it  may  be  in  the  allotropic  condition  of  graphite,  and 
may  yet,  owing  to  what  I  will  venture  to  designate  an  atomic  state  of 
disaggregation,  be  capable  of  entering  into  combination  with  nascent 
hydrogen,  and  produce  the  residue  supposed  to  be  indicative  of  the 
presence  of  what  is  termed  combined  carbon.    Whether  this  view  be 

•  The  Journal  of  Science  nml  the  AiU.    1*17.    2.  p.  281. 
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correct  or  not,  it  is  certain  that  hard  and  soft  steel  differ  essentially 
with  regard  to  the  mode  of  existence  of  the  carbon  in  the  mass. 

The  presence  of  carbon,  or  some  other  element,  is  essential  in  iron 
to  enable  it  to  harden  when  heated  to  redness  and  suddenly  cooled  ; 
and,  as  far  as  I  am  aware,  no  pure  metal  is  sensibly  affected  in  its  phy- 
sical properties  by  this  process.  Certain  alloys,  it  is  well  known,  do 
suffer  a  change  in  physical  properties  by  sudden  cooling ;  and  several 
examples  of  such  change  have  been  recorded  in  the  First  Part  of 
this  work.  Thus,  the  alloy  of  copper  and  tin,  termed  bronze,  is  sof- 
tened by  plunging  it  while  red  hot  into  water;  and  an  alloy  of  zinc, 
with  a  small  proportion  of  lead,  is  hardened  by  rapid  solidification 
after  fusion. 

The  particles  of  hardened  steel  are  obviously  in  a  state  of  tension, 
which  may,  probably,  be  analogous  to  the  particles  of  glass  in  the 
unanucaled  state  ;  and,  if  the  former  were  transparent,  the  polariscoj>e 
would,  it  is  reasonable  to  suppose,  reveal  a  structure  similar  to  that 
which  it  renders  manifest  in  the  latter. 

Hammering  Steel. 

By  properly  hammering  steel,  at  suitable  temperatures,  the  struc- 
ture, or,  as  it  is  frequently  termed,  the  texture  of  the  metal  is  remark- 
ably affected,  and  its  tenacity,  moreover,  may  be  greatly  increased. 
The  effect  of  hammering  is  to  produce  fineness  of  grain,  as  manifest 
on  the  fractured  surface ;  and  if  the  fracture  of  a  small  hammered — 
or,  to  use  the  technical  expression,  tilted — bar  of  steel  be  compared 
with  that  of  a  portion  of  the  same  bar  heated  to  redness  and  after- 
wards slowly  cooled,  a  striking  difference  will  be  observed,  the  grain 
being  much  larger  in  the  last.  The  temperature  at  which  steel  may 
bo  hammered  depends  upon  its  quality,  or,  in  other  words,  upon  its 
chemical  composition.  Some  varieties  can  only  be  hammered  without 
cracking  at  very  low  temperatures,  comparatively,  and,  consequently, 
entail  considerable  expense  in  forging,  as  the  facility  with  which  a 
metal  may  be  fashioned  under  the  hammer  will  vary  directly  with  its 
softness,  and  its  softness  will,  cctteris  paribust  be  proportionate  to  its 
temperature.  Wootz,  for  example,  can  only  be  worked  at  a  very 
low  red  heat.  On  the  other  hand,  there  are  steels  which  may  bo 
hammered  or  rolled  at  very  high  temperatures,  comparatively. 

Welding  Steel. 

The  facility  with  which  steel  may  be  welded  to  steel  diminishes  as 
the  metal  approximates  to  cast  iron  with  respect  to  the  proportion 
of  carbon ;  or,  wliat  is  equivalent,  it  increases  as  the  metal  approxi- 
mates to  wrought  iron  with  respect  to  absence  of  carbon.  Hence, 
in  welding  together  two  pieces  of  steel,  ceteris  paribus,  the  more 
nearly  their  melting  points  coincide, — and  these  are  determined  by 
the  amount  of  the  carbon  which  they  contain, — the  less  should  lie 
the  difficulty.  If  the  melting  points  sensibly  differ,  then  the  welding 
point  of  one  may  be  near  the  melting  point  of  the  other;  and  the 
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difference  in  the  degree  of  plasticity,  bo  to  speak,  between  the  two 
pieces  may  be  so  considerable,  that  when  they  are  brought  under  the 
hammer  at  the  welding  point  of  the  least  fusible,  the  blow  will  produce 
a  greater  effect  upon  the  latter,  and  any  inequality  in  this  respect  must 
be  disadvantageous.  This  constitutes  the  difficulty  in  welding  steel  to 
wrought  iron.  Moreover,  a  difference  in  the  rate  of  expansion  between 
any  two  pieces  of  metal  to  be  welded  together  is  another  obviously 
unfavourable  condition. 

Shear  Steel.  . 

Bars  of  blister-steel  are  broken  into  pieces  about  16  in.  long,  and 
drawn  out  at  a  red  heat  under  the  hammer  to  the  width  of  about  li  in. 
and  the  thickness  of  about  ^  in.  Several  bars  thus  obtained  are  piled 
on  one  another,  and  the  end  of  the  pile  is  firmly  wedged  into  an  iron 
hoop  with  a  handle  attached  to  it.  The  free  end  of  the  pile  is  raised 
to  a  welding  heat  in  a  hollow  coke  fire,  during  the  process  being 
dusted  over  with  finely-pounded  clay,  welded  under  the  hammer,  and 
reduced  to  about  2  in.  square.  The  hoop  is  now  detached  from  the 
other  end  of  the  bar,  and  this  end  is  treated  in  exactly  the  same 
manner  as  the  first  end.  In  this  6tato  it  is  termed  "  single  shear- 
steel."  It  may  be  broken  into  two  equal  parts,  which  may  again  lx) 
welded  together  and  drawn  out  to  any  required  dimensions  to  form 
"double  shear-steel."  The  dusting  with  clay  is  intended  to  prevent 
superficial  oxidation  and  consequent  decarburization  as  far  as  prac- 
ticable. The  word  shear  was  originally  applied  from  the  fact  that  tho 
blades  of  shears,  formerly  used  for  cropping  woollen  cloths,  wero 
always  made  as  above  described.7 

Casting  Steel  on  Wrought  Iron. 

Of  late  it  has  been  found  practicable  to  effect  a  very  intimate  union 
between  wrought  iron  and  steel  by  bringing  the  latter  in  a  molten 
state  in  contact  with  the  former,  previously  raised  to  a  white  heat,  and 
having  its  surface  dusted  over  with  borax  in  order  to  render  the  scale 
extremely  fusible.  In  tho  International  Exhibition,  1802,  wero  rail 
tyres,  consisting  of  wrought  iron,  around  which  externally  cast  steel 
had  been  poured.  I  examined  these  tyres,  both  whole  and  fractured, 
and  the  union  betwoen  the  two  rings  of  metal  seemed  to  be  perfect. 
I  also  examined  a  portion  of  one  of  these  tyres,  which  had  been  ham- 
mered out  hot  on  one  side  to  an  edge,  and  yet  I  detected  no  sign  of 
separation.  This  invention  is  French,  and  the  tyres  are  manufactured 
in  England  by  the  Monkbridge  Iron  Company,  near  Leeds.  Tho  fol- 
lowing description  of  the  modo  of  manufacture  is  extracted  from  a 
printed  circular  issued  by  that  firm : — "  The  inner  part  or  back  of  the 
tyre  is  of  the  best  Yorkshire  iron,  specially  suitable  for  the  purpose, 
and  tho  outer  surface  or  tread  and  flange  is  of  refined  cast  steel.  Tho 
iron  which  is  to  form  the  inside  of  part  of  the  tyre  is  hammered 
and  rolled  into  a  perfect  solid  ring  of  the  size  required,  and  this  is 

'  Vid.  The  Useful  Metals  nnd  their  Alloys,  p.  345. 
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placed,  when  at  a  welding  heat,  into  the  ingot  mould,  the  surface 
being  carefully  deoxidized,8  and  the  molten  steel  is  poured  on  the 
iron,  into  the  space  between  the  ring  and  the  inner  face  of  the  mould. 
The  iron  being  at  a  welding  heat,  and  the  steel  at  a  still  higher  tem- 
perature, a  perfect  weld  is  thus  ensured.  The  ingot  is  then  taken  and 
subjected  to  a  hammering  process  in  its  circular  form,  to  give  it  that 
solidity  and  uniformity  which  can  only  bo  ensured  by  hammering, 
and  is  afterwards  rolled  to  the  exact  size  and  shape  required,  upon 
a  powerful  rolling  machine  constructed  specially  for  the  purpose. 
The  tyre  is  finished  so  exact  and  circular  that  it  is  ready  at  once  to  be 
put  upon  the  wheel,  without  being  turned  on  the  outer"Surfacc — a  point 
of  great  importance,  as  the  outer  skin  is  always  the  hardest  and  most 
uniform  part  of  the  tyro.  The  union  of  the  steel  and  iron  thus  formed 
is  so  complete  and  peifcct,  that  it  is  impossible  to  separate  them  ;  and 
in  every  case  where  they  have  been  broken  for  the  purpose,  it  has 
been  found  that  they  cannot  be  disunited  either  by  punching  or  in 
any  other  manner." 

Damaskeening. 

The  meaning  and  origin  of  this  word  have  been  explained  in  an 
early  part  of  this  volume,  and  it  has  been  several  times  referred  to 
when  treating  of  tho  alloys  of  iron.  Damascus  was  long  celebrated  for 
tho  manufacture  of  its  sword-blades,  which,  it  has  been  conjectured, 
were  made  from  the  wootz  of  India.9  These  blades,  after  having  been 
polished,  are  subjected  to  the  action  of  acid  or  other  corrosive  matter; 
a  peculiar  pattern  or  watering  soon  appears  upon  their  surface,  due  to 
inequality  of  some  kind  in  the  metal,  and  the  consequent  irregularity  in 
the  action  of  the  acid.  It  is  only  within  the  present  century  that  tho 
cause  of  this  inequality  has  been  clearly  understood,  and  the  method  of 
manufacture  explained.  The  damasked  pattern  is  due  to  the  difference 
in  colouration  resulting  from  the  action  of  acids  on  iron  and  steel,  the 
surface  of  the  former  being  loft  with  a  metallic  lustre,  and  that  of  the 
latter  being  left  coated  with  a  black,  firmly  adherent  carbonaceous  resi- 
due. By  suitably  piling  together  bars  of  steel  and  iron,  welding  them, 
and  then  drawing  them  out  under  the  hammer  or  otherwise,  patterns  of 
various  kinds  may  bo  produced,  just  as  is  done  in  the  case  of  glass  by 
heating  together  variously  coloured  pieces  of  glass,  and  drawing  them  out 
into  rods.  During  tho  last  few  years  ornamental  articles  of  glass,  such 
as  paper-weights,  etc.,  made  on  this  principle,  have  come  into  extensive 
use.  Damaskeened  objects  of  intermixed  steel  and  iron  are  frequently 
tinted  of  a  beautiful  brown  by  tho  application  of  particular  liquids  to 
the  surface.  I  am  indebted  to  Mr.  Charles  \V.  Lancaster,  the  well- 
known  gunmaker  of  Bond  Street,  for  tho  following  receipt  for 
damaskeening  and  colouring  gun-barrels.  I  have  witnessed  the  per- 
formance of  the  operation  by  Mr.  Lancaster,  and  I  do  not  remember  to 
have  anywhere  seen  more  beautiful  effects  of  this  kind.    The  surface 

*  By  this  expression  I  presume  is  meant  swords,  bronze  and  iron  ;  and  on  the  cause 
the  dusting  with  borax  previously  men-  of  tho  pattern,  or  watering  of  the  Da- 
tinned,  maseus  blades."  p.  184  et  seq. 

•  Wilkinson.    Engines  of  War.    "  On 
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is  first  carefully  polished,  and  then  coated  with  a  thick  mixture  of 
whiting  and  water,  which  when  dry  is  removed  with  a  hard  brush. 
This  is  done  in  order  to  cleanse  the  surface  completely  from  oil.  A 
small  portion  of  a  mixture,  the  receipt  for  which  is  given  below,  is  next 
applied  to  the  surface  of  the  barrel  by  means  of  a  sponge,  and  allowed 
to  remain  during  3  hours.  The  whole  surface  will  now  be  found 
covered  with  rust,  which  is  to  bo  detached  with  a  fine  steel  wire 
scratch-brush.  After  this  the  same  process  is  repeated  during  1 0  or 
14  days.  When  a  sufficiently  dark  colour  has  been  communicated,  the 
surface  of  the  barrel  is  carefully  scalded  with  boiling  water,  and  when 
cold  is  nibbed  over  with  the  best  sperm  oil.  In  order  to  prepare  the 
mixture,  1  drachm  of  corrosive  sublimate  (HgCl)  is  carefully  mixed  in 
a  mortar  with  2  fluid  ounces  of  a  solution  of  chloride  of  lime  (hypo- 
chlorite), and  allowed  to  stand  6  hours.  To  this  mixture  10  drops  of 
nitric  acid  are  next  added,  and  the  whole  is  left  at  rest  during  8  hours, 
when  1  quart  of  distilled  water  is  added.  The  mixture  is  ready  for  use 
after  the  third  day. 

STRENGTH  OF  IRON  AND  STEEL. 

The  following  tables  contain  abstracts  of  the  principal  series  of  ex- 
periments that  have  been  made  in  England  on  the  mechanical  resist- 
ance of  cast-iron,  wrought-iron,  and  steel. 

Table  I.,  taken  from  the  Minutes  of  the  Proceedings  of  the  Insti- 
tution of  Civil  Engineers  for  the  year  1844,  contains  the  results  of 
experiments  on  the  transverse  strength  of  52  different  samples  of  pig- 
iron.  It  is  abstracted  from  a  larger  series  published  in  the  *  Memoirs 
of  the  Manchester  Literary  and  Philosophical  Society,'  vol.  vi.  p.  27.3. 
The  results  exhibited  in  this  table  are  the  weights  necessary  to  break 
bars  of  1  inch  square  and  4  ft.  6  in.  long,  when  supported  at  both 
ends  and  loaded  in  the  centre,  and  the  ultimate  deflection  from]  the 
horizontal  line  at  the  centre  produced  by  such  treatment  before  fracture. 

Table  II.  contains  the  means  of  an  elaborate  series  of  experiments 
conducted  at  the  Royal  Arsenal,  AVoolwich,  in  the  years  1856-59, 
on  various  qualities  of  pig-iron,  to  detennine  their  resistance  to 
transverse,  tensile,  and  crushing  strains.  The  data  contained  are 
the  following : — 

1.  Transverse  strength.  This  is  generally  determined  by  taking 
the  mean  of  12  values  derived  from  breaking : — 

2  bars  cast  vertically  and  cooled  quickly 
2      , ,       , ,        , ,        , ,  gradually 
2      ,,       ,,       ,,  slowly 

— and  3  sets  of  2  each  cooled  in  a  similar  manner,  but  cast  horizontally. 
These  bars  were  22  in.  in  length  and  2  in.  square.  The  breaking 
weights  in  the  table  are  those  necessary  for  breaking  a  bar  of  1  in.  in 
the  side  at  a  distance  of  1  inch  from  the  point  of  support.  The  values 
in  Table  I.  may  be  brought  up  to  this  standard  by  multiplying  them 
by  13-5.  The  ultimate  deflection  is  that  registered  by  a  self-acting 
apparatus  at  the  moment  of  fracture. 
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2.  Tensile  strength.  This  was  determined  by  tearing  asunder  short 
columns  of  1  *3  in.  in  smallest  diameter.  The  tabular  value  is  in  most 
cases  a  mean  of  18  results.  The  ultimate  extension  before  fracture  is 
that  of  a  column  1  '8  in.  in  height,  and  is  only  approximately  correct. 

3.  The  torsion  strength  was  determined  on  round  bars  8  in.  between 
the  points  of  support*  and  1*8  in.  in  diameter.  The  angidar  value 
is  the  amount  of  twist  in  the  bar  at  the  moment  of  fracture.  The 
result  is  compounded  of  six  experiments,  one  from  each  of  the  six 
groups  of  three  bars  employed  in  the  transverse  and  tensile  testing. 

4.  The  crushing  strains  are  deduced  from  experiments  on  cylinders 
1*3  in.  high  and  0*6  in.  in  diameter.  Each  is  a  mean  of  six  results 
arranged  in  a  similar  manner  to  those  of  the  former  series. 

Table  III.  contains  the  results  of  a  series  of  experiments  by  Mr.  \\. 
Fairbairn,  taken  from  the  Report  of  the  British  Association  for  the 
year  1853,  on  the  etfect  of  repeated  meltings  on  the  transverse  strength 
and  resistance  to  crushing  of  cast-iron.  The  resistance  to  transverse 
strains  is  exhibited  in  a  similar  manner  to  that  in  Table  L,  the 
weight  necessary  to  break  a  bar  1  in.  square  and  4£  ft.  long  between 
the  points  of  support  when  loaded  in  the  centre.  These  values  require 
to  be  multiplied  by  13*5  to  bring  them  up  to  the  standard  of  transverse 
strength  adopted  in  the  Woolwich  experiments.  In  a  few  instances 
the  proportion  of  sulphur,  silicon,  and  carbon  in  the  samples,  as  deter- 
mined by  Trofessor  C.  Calvert,  is  given.  As  fusion  was  effected  in  a 
cupola  with  coke  as  the  fuel,  it  is  obvious  that  in  the  course  of  remelting 
the  iron  might  have  suffered  important  chemical  changes  in  composition, 
which  may  greatly  modify  its  qualities.  It  is  hardly  conceivable  that 
simple  remelting ,  without  the  addition  of  anything  to,  or  the  subtraction 
of  anything  from,  the  metal,  should  produce  any  decided  effect. 

Tables  IV.,  V.,  VI.,  VII.,  and  VIII.  contain  the  general  results  of 
an  elaborate  series  of  experiments  on  the  tensile  strength  of  various 
descriptions  of  wrought-iron  and  steel  bars  and  plates  made  by  Mr.  !>• 
Kirkaldy,  and  which  have  been  published  inextenso  in  his  *  Experimental 
Enquiry ' 1  on  the  tensile  strength  and  other  properties  of  various  kinds 
of  wrought-iron  and  steel.  The  second  column  contains  the  amount 
by  which  the  area  of  the  fracture  varied  from  the  original  area  of  the 
specimen,  or  the  contraction  produced  by  the  straining  force.  This  is 
an  important  element  as  indicating  the  working  qualities  of  the  metal. 
The  specimens  in  which  the  contraction  is  greatest  are  generally  the 
toughest  and  softest,  requiring  to  be  slowly  torn  asunder,  the  in- 
creasing weight  being  thus  borne  by  a  constantly  diminishing  surface; 
while,  on  the  other  hand,  harder  specimens  may  sustain  a  greater 
absolute  weight,  but  owing  to  their  resistance  to  traction  they  retain 
their  original  area,  with  very  slight  diminution,  to  the  last,  and  break 
suddenly  with  a  snap  or  jerk. 

1  I  have  already  referred  to  thii  excel-  I  session  of  ever}' Civil  Engineer.  A  second 
lent  work,  which  "ought  to  be  in  the  ikw-  |  edition,  I  uni  glad  to  find,  has  apiJeorwl. 
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Table  I. 

Resclts  of  Experiments  on  Hot  and  Cold  Blast  Pig-Ihon,  from  the  principal 
Iron- work*  of  the  United  Kingdom,  etc.  (Fairbairn,  Inwt.  C.  E.  1844.) 


Xo. 

Names. 

(irnvitv. 

Breaking  weight 
In  lbs.  per 
»q.  ill. 

Ultimate 
deflection  of  boxa 
54-o  in.  loug. 

1 

No.  3  cold  blast 

7-122 

581 

1-747 

2 

IX 'Von  . 

No  3  hot 

^'  V/«    V      UOI»           |  9 

7*251 

537 

1  090 

3 

Chitfor  

cold  ,, 

7-296 

537 

1-001 

4 

Oldhurv  ... 

No.  3  hot 

73)0 

530 

1-005 

5 

Curron  

No  3  hot 

7-056 

527 

•  1-365 

6 

Beaufort  

No.  3  hot    , , 

7-069 

517 

1-599 

7 

Butterlev 

No.  3  hot    , , 

7-038 

502 

1-815 

8 

Bute.. 

No.  1  fold 

7*066 

491 

1-764 

9 

'Windmill  End 

No.  2  cold 

7-071 

489 

1-581 

10 

Old  Park.. 

No.  2  cold   , , 

7-049 

485 

1-621 

11 

Beaufort  . 

No  2  hot 

7-108 

474 

1-512 

12 

Low  Moor   

No  2  cold 

7-055 

472 

1-852 

13 

No.  1  cold  , , 

7-079 

463 

1-550 

14 

No.  2  cold 

7017 

459 

1-748 

15 

Apedale   

No.  2  hot 

7-017 

456 

1-730 

16 

Oldbury   

No.  2  cold 

7-059 

455 

1-811 

17 

Pentwvn   

No.  2 

7-038 

455 

1-484 

18 

No.  2 

7-038 

454 

1-957 

19 

Muirkirk 

No  1  cold 

7113 

453 

1734 

20 

Adelnhi  ...  . 

No  2  cold 

7-080 

449 

1-759 

21 

No.  3  cold  . . 

7- 159 

448 

1-726 

22 

Devon   

No  3  cold 

7*285 

448 

0-790 

23 

Garthsherry  ... 

No.  3  hot    . . 

7-017 

447 

1-557 

24 

Frood   

No.  2  cold 

7-031 

447 

1-825 

25 

No.  2 

7-028 

444 

1-414 

26 

No  3  cold 

7-004 

443 

1-336 

27 

No.  3  cold  . . 

7-087 

443 

1-469 

28 

7-038 

442 

1-887 

29 

Corbvn  A  Hall 

No.  2  cold 

«  '  va    *M      VA/1VA         |  | 

7-007 

442 

I '887 

30 
31 

Pontypool  

Wall  brook 

No.  2 
No.  3 

7*080 
6*979 

440 
440 

1-857 
1-443 

32 

Milton  

No.  3  hot 

7-051 

438 

1-368 

33 

No.  1  hot 

il  W«     A                               a,  a, 

6-998 

436 

1-640 

34 

No.  1  hot 

7-080 

432 

1-516 

35 

No.  1  hot 

6-975 

431 

1-251 

36 

No.  2  hot 

7-031 

429 

1-358 

37 

«T«  S.  S«  »*••*•••« 

No.  2 

7-041 

429 

1  -339 

88 

Eagle  foundry... 

No.  2  hot    , , 

7-038 

427 

1-512 

39 

EUecar   

No.  2  cold  , , 

6-928 

427 

2-224 

40 

No.  2  hot    , , 

7-007 

426 

1-450 

41 

No.  1  hot    , , 

7-128 

424 

1-532 

42 

No.  2  cold  , , 

7-069 

419 

1-231 

43 

No.  1  hot 

6-953 

418 

1-570 

44 

No.  2 

7-185 

418 

1-222 

45 

Coed  Talin 

No.  2  hot    , , 

6-969 

416 

1-882 

46 

Blackbarrow  ... 

cold    , , 

7-172 

416 

1-736 

47 

Coed  Talin   

No.  2  cold   , , 

6-955 

413 

1-470 

48 

cold   , , 

7-216 

372 

1-160 

49 

Monkland   

No.  2  hot     , , 

6-916 

403 

1-762 

50 

Layi  Works  ... 

No.  1  hot     , , 

6-957 

392 

1-890 

51 

No.  1  hot 

6-976 

369 

1-525 

52 

Plaakynaslon  ... 

No.  2  hot    , . 

6-916 

357 

1-366 
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TENSILE  STRENGTH  OF  WROUGHT-! RON. 


Table  III. 

Experiments  ns  the  Strength  or  Cast-Iron  after  repeated  mei/tixcs. 

The  iron  employed  was  No.  3,  Ejrlinton  hot-Mast,  which  was  re-melted  eighteen 
times  in  a  cupola  with  coke.  The  hara  employed  wore  5  ft.  long  and  1  inch  in 
a-ctional  area,  antl  wi  n-  broken  down  by  loading  in  the  centre.  The  crushing 
<  \|«triments  wen;  conducted  on  cubes  0*75  in.  ami  0*875  in.  in  the  side. 


Nun.'-  r 

Specific 

PvrornLag*  of 

Breaking  areigbt 

Resistance  p**r 

of 

per  an.  in. 

Deflection. 

aq.  In.  to  crualring 

melting. 

gravity. 

Silicon.  Sulphnr.  Carbon. 

in  lb*. 

fon-e.  In  tuna. 

1 

6*909 

0-77 

0  42 

2-70 

490-0 

1-440 

44  0 

2 

6  970 

•  • 

441-9 

1-440 

430 

3 

6*886 

;; 

•  • 

401  G 

1-486 

411 

t 

0-938 

413-4 

1-200 

40  7 

6  842 

431  0 

1-503 

411 

6 

0-771 

•• 

438*7 

1-320 

411 

7 

0-879 

;; 

449- 1 

1-440 

40*9 

K 

7  025 

1-75 

0-00 

2-30 

491-3 

1*733 

411 

9 

7*102 

540  5 

1-620 

55  •  1 

10 

7- 108 

1*98 

0-20 

3-50 

566*9 

1*626 

57  7 

11 

7*113 

•  • 

•  • 

6519 

1-636 

69*8 

7-i»;i> 

a  • 

•  • 

092  1 

1-666 

73  1 

13 

7  134 

•  • 

•  • 

034-8 

1*646 

06*0 

14 

7-530 

■  * 

•  ■ 

003-4 

1-513 

95*9 

15 

7-248 

•  a 

*  ■ 

371- 1 

0-043 

76-7 

10 

7-330 

.. 

•  • 

351  3 

0-506 

70-5 

17 

lr*t. 

lost. 

lost. 

lost 

lost. 

lost. 

Inst 

IS 

7*385 

2-22 

1  0-75 

3-75 

"J12-7 

0-470 

88*0 

Tables  IV.  to  VIII.  inclusive. — Arstra<t  op  Mean  Results  of  Experiments  ox  the 
Tensile  Strenotii  or  Warn  out-Iron  Bars,  Plates,  axd  Axole-Iron:  Steel 
Bars  ani>  Plates.   (From  Kirknldys  Experiments.) 

Taih.k  IV. 
Round  and  Square  Mars. 


ntsttfcts  an.  I  nrsada, 


No. 
of  r\|M.Tl- 
nuniA. 


Yurksliin-.    Low  M<n>r  j! 

Howling   V 

Furnltv  | 

l^inarkshiro  OOOVAN  <>••• 
l>.'.       Extra    B  Bosti 

Best  s<-ni|i   | 

I*..       Best  Best  B  Bes1  ( 

R  Rivet   i 

l><».         lkwt  *   

Statfoitlshire  ehorooft]  (j^   j 

!).«.        B  It  rrrn|  

i^.f^  s.r.fgp  i*<m! 

Best  Best  ( 

ffcj  Beat  K.  It.  M. 
Uinettslure  Best  Rivet   I 


Specific 
gravity . 


Breaking  »traln 
p«T  square  locb. 


lb*. 


ton*. 


G*itraeo>*i 
J    of  area 

I  prr  mil. 


20 

mm 

4 

•700 

01.64S 

•>7  •  "i 

49  S 

IS 

7 

•720 

58,181 

26*0 

49*4 

30 

1 

•683 

57.411 

25  o 

39  9 

— 

i 

058 

58.737 

96*2 

30  0 

58,  •_»(-.:. 

26*0 

22-6 

l 

a  • 

57,216 

25*6 

1 

a  a 

:>•.».  ::7n 

20-5 

Sft-f 

•Jl 

7 

889 

58,698 

26*2 

:to-5 

4 

•  a 

55.000 

24-6 

27-0 

8 

53,775 

24  i» 

48-6 
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Tablk  V. 
Beam,  Strap,  and  Angle  Ikon. 


1 

2 


3 


District j  and  Brands. 


Low  Moor,  Farnlev,  Ik>wling 
Lanarkshire  Extra  B  Best  Best 


scrap 
Do. 


4| 
5 


Best  Beat  B  Best 

Best  Rivet  

Do.        Be*t  *  

Staffordshire  f@E£  8.  C. 

Bist  Best  Best   

Do.   ^  Best  K.  B.  If. 

Durham  Best  Best  

Do  

South  Wales  


Breaking  -  train 
]*r  tq.  in. 


Contraction) 
of  area 
per  a.nt. 


4 

7  728 

,  G1.200 

27-4 

41-4 

6 

56,094 

25-0 

20-1 

24 

7-571 

54,930 

24-5 

1G-8 

3 

45,439 

20-3 

92 

12 

7  539 

54,558 

24-4 

18-2 

51,227 

22-9 

17-7 

c 

4 

4 

|  7-G33| 
7*531 

58,548  j 
50,807 
41,380  1 

23  9 
22  C 
18-5 

18-3 
11-7 
9-8 

Table  VI. 
Plates. 

L.  signifies  lengthways,  C.  crossways. 


DbtrkU  and 
Brands. 


1  1/nv  Moor.Farn- 1 

ley.  Bowling  J 

2  Iju  larlohire  i 
O  (JOVAN  ol 

D».     Extra  | 
B  Best  Best 

scrap  } 

Do.  Best  Best  I 
B    lkst  Bf 

Rivet  

Do.  Best  # ... 

3  Staffordshire 


S  C  ffifr 

Best  Best  Best 

D.i.  fj£^H<  st 

K  DM   

Shrojwhiro  ^ft^> 

Best  

Durham 
Best.. 


5 


Best 


No. 
of  ej^H-ri- 

UH  lltS. 

Sp«iinc 
gravity. 

Bivaking  strain  per  iq.  in. 

Contrarllon 
of  arra 
per  cent. 

1 

It* 

tons. 

It*. 

tons. 

L. 

a 

L. 

C. 

L. 

C. 

21 

24 

7-732--G99 

54,980 

24G 

50,540 

22 -G 

20-912-8 

0 

G 

7-G75 

54.G44 

24-4 

49,399 

22- 1 

18-1 

8-5 

4 

•  • 

50,844 

22-7 

•  • 

•  • 

130 

38 

34 

•  ■ 

49,077 

21-9 

43,359 

19  4 

8-2 

4-4 

18 

18 

7-541 

40,438 

20-7 

41,527 

18-5 

G-9 

3-7 

31 

29 

7  570-G19 

52.1G8 

233 

48,840 

21-8 

12-9 

7-8 

8 

8 

•  • 

45.G8G 

20-4 

44,748 

19-9 

9-4 

6-6 

5 

5 

7-580 

52,302 

23  4 

43,086 

19-2 

150 

5-3 

37 

38 

7-G13 

22  9 

16,381 

20-7 

12-9 

7  4 
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870        TENSILE  STRENGTH  OF  STEEL  BARS  AND  PLATES. 

Table  VN. 
Steel  Bars. 
F.  signifies  forged,  R.  rolled. 


Names. 

i  1 

No.  of 
uicnta. 

1 

Specific 
gravit}-. 

Mean  breaking 
wclchipen-quare  In. 

Contrac- 
tion of 

11*. 

t.-ns 

1 

1 

Turton's  cast-steel  for  tools  

F. 

6 

. . 

132,000 

59  3 

4 

r. 

2 

P. 

4 

132,402 

59-1 

12 

8 

Q 
.» 

Do.            do.  chisels... 

F. 

Q 

124,852 

55  *  7 

17 

0 

4 

Do.     double  shear-steel   

F. 

118, 468 

52-9 

l!» 

6 

0 

F 
i  . 

4 

115,882 

51-7 

•  • 

<t 
o 

Bessemer' s  patent  .steel  for  t<*»ls 

r. 

Q 
O 

111,400 

49-8 

22 

3 

7 

jMos*  and  Gtunhle's  ca st -steel  for \ 

K. 

4 

•  • 

107,280 

47-9 

32 

1 

8 

Nay  lor,  Vickers,  and  Co.  do.... 

R. 

4 

•  • 

100,015 

47-6 

32 

8 

9 

F. 

4 

7*720 

104.208 

40-6 

21 

1 

1(1 

F. 

4 

•  • 

101,151 

45-2 

28 

^ 

1 1 

Krupp'g       do.  holts   

It. 

4 

92,015 

41  1 

34 

0 

12 

JShortridgo   and   Co.'s  IIomo-1 

It. 

i 

•  • 

90,047 

40-4 

36 

•6 

13 

IV  do. 

F. 

4 

•  • 

89,724 

401 

26 

0 

1 1 

F. 

4 

•  ■ 

72.529 

32-4 

24 

1 

15 

Mersey  Company's  puddled  steel 

F. 

6 

71,480 

31-9 

35 

•3 

1G 

Blochairn  do. 

R. 

6 

7-707 

70 , 1G0 

31-3 

19 

•4 

17 

Do.  do. 

F. 

6 

05,255 

29  1 

19 

■0 

18 

Do.  do. 

F. 

4 

! 

02,709 

28-0 

11 

■9 

Table  VIII. 


L.  signifies  lengthways,  C.  crossways. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Names  and  thickncK.es. 


Specific 
gravity. 


In 

Turton  and  Son's  cast-steel ...  } 
Do.  do.         , , 

Shortridgo  and  Co.   do.  ^ 
Do.  do.         , , 

Naylor,  Vickers,  and  Co.  do.  j 
Do.  do.         , , 

Moss  and  Gamhle's  do.  jj. 

Do.         do.        , , 
Shortridge  ami  Co.  do.  J 
Mersey  Co.  puddled  steel     T^  £ 
Do.            do.  , , 

Do.     hard  puddled  steel  J 
Do.  do. 
Blochairn  puddled    ^ 

Do   ft 

Do-   , 

Shortridge  and  Co.  do   J 

Do.  do   , , 

Mersey  Company  mild  do.  ...  } 
Do.  do.  ... 

Do.  do.        ...  j» 


Mean  breaking 
weight  per  square  in 


/  94,289 
t  96.308 
90,280 
97,150 
81,719 
87,150 
75,594 
09,082 
96,989 
101.450 
84,968 
102,593 
85,365 
102,234 
84,398 
96,320 
73,699 
j  72,408 
1  73,580 
77,046 
67,686 
71.532 


Contrac- 
tion of 


421 

5-6 

42-9 

13-4 

430 

156 

43-4 

14-8 

36  5 

214 

3S-9 

22  0 

33  7 

28  2 

30  9 

38-6 

433 

14-4 

45  3 

6-  1 

37  9 

4-4 

45  8 

4  5 

38-1 

i: 

45  6 

5  3 

377 

42 

43  0 

10  4 

32-9 

38 

32  3 

115 

32  8 

5-7 

34  4 

12  5 

302 

8-5 

319 

15 
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Table  IX. 

EXPERIMENTS  ON  THE  TENSILE  STRENGTH  OP  BOILER-PLATES  AT  VARIOUS 

Temperatures,  by  W.  Fairbairn,  F.R.S. 


(From  tho  Report  of  tho  British  Association,  1856.) 
The  plates  experimented  on  wero  Staffordshire  boiler-plates  of  ordinary  quality. 


Temperature, 
for. 

Breaking  strains 

In  tbe  direction  ol  the  fibre. 

Actum  the  fibre. 

Per  square  iuch 
In  lbs. 

Per  square  Inch 
m  tons. 

Per  square  Inch 
in  lbs. 

Per  square  inch 
in  tona. 

degrees 
0 

49,009 

2T88 

60 

50,219 

22-41 

4l",881 

18*69 

114 

41,856 

18-46 

44,160 

1971 

212 

44,717 

19-96 

45,680 

20-39 

270 

44,020 

19-65 

340 

49,968 

22-31 

42*,088 

18-79 

395 

46,086 

20'57 

Red-heat 

. . 

•  • 

31,272 

15-30 

Table  X. 


E.\J  KHJMEXTS  ON  THE  TENSILE  STRENGTH  OF  RIVET-IRON  AT  VARIOUS 

Temperatures,  by  W.  Fairuairn,  F.R.8. 
(Op.  cit.  ut  supra.) 


Temneiature, 
tahr. 

Me«n  breaking  weight 

Per  squire  inch, 
in  11*. 

PVl  square  inch 
in  ton*.  • 

degrees. 
-30 
60 

114 

212 
250  -  270 
310-325 
415-435 
Red-heat 

63,239 
62,816 
70,845 
79,271 
82,636 
84,046 
83,943 
35,000 

2«<-26 
28-05 
31*61 
35  39 

36-  89 
37  52 

37-  47 
15  02 

r 

The  maximum  strength  of  rivet-iron  appears  to  bo  attained  at  a  temperature  of  320 3 
Ftthr.    This  is  above  the  tim|ieraturc  at  which  the  maximum  strength  of  plates  was 
attained,  hut  little  or  no  alteration  of  strength  is  observable  in  plates,  while  that  of 
bars  is  increased  nearly  one-half.    The  iron  was  of  good  quality,  made  from  carefully- 
selected  scrap-iron. 
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Permanent  Expansion  op  Cast-iron  by  Exposure  to  long-contixcep 

Heat,  at  or  above  Redness. 

This  faict  has  long  been  known.  It  was  particularly  mentioued  by 
Dr.  Thomas  Beddoes  in  a  paper  communicated  to  the  Royal  Society 
in  1791. 1  "In  annealing  crude  iron,  with  or  without  charcoal,"  the 
author  states,  u  it  is  well  known  to  increase  in  all  its  dimensions.  I 
have  seen  bars  originally  straight  bent  like  an  S,  when  long  exposed 
to  heat  in  circumstances  where  they  could  not  extend  themselves 
endways." 

In  1829  Mr.  Prinsep  announced  that  cast-iron  became  permanently 
increased  in  bulk  after  having  been  strongly  heated.  He  found  that 
the  capacity  of  a  cast-iron  retort  heated  twice  was  augmented  each 
time.  The  capacity  was  determined  from  the  weight  of  pure  mercury 
which  tho  retort  contained  at  80°  F.    The  results  aie  as  under : — 2 

Capacity  in  cuhlc  inches. 

Before  tho  first  experiment    9  13 

After  the  first  heating    9-G4 

After  three  heatings    10*16 

(iuettier,  in  experiments  on  chill-casting,  ascertained  that  small 
bars  of  white,  as  well  as  grey,  pig-iron  cast  in  iron  moulds  were 
slightly  elongated  by  heating  to  redness ;  but  a  bar  of  white  pig-iron 
cast  in  a  sand  mould  was  slightly  shortened  by  the  same  treatment.* 

Brix  found  that  the  cast-iron  bars  of  a  steam-boiler  furnace  in- 
creased in  length,  but  in  a  diminishing  ratio,  after  each  reheating 
for  a  certain  number  of  times,  when  at  last  their  length  became  con- 
stant. A  l»ar  3  J-  ft.  long,  after  3  days'  use  in  a  gentle  fire,  was  length- 
ened ,\  in. ;  on  the  seventeenth  day  the  elongation  amounted  to 
,r6  in.;  after  thirty  days  it  was  |  J  in.,  or  nearly  2%,  aud  did  not  then 
even  appear  to  have  reached  its  maximum.  Another  bar  of  the  same 
kind,  after  continued  use,  increased  1!  in.  in  length,  or  nearlv  3~  .* 
Hence  it  was  concluded  that  in  new  bars  ^  in.  play  should  be  allowed 
for  every  foot  in  length,  i.e  ,  s^  of  the  total  length. 

At  my  request,  Mr.  John  James,  furnace  manager  of  the  Blaina 
Iron-works,  mado  tho  following  experiment  (Nov.  1859).  A  bar  of 
foundry  iron,  4  ft.  8  in.  long  and  1  in.  square,  was  placed  in  one  of 
the  hot-blast  ovens,  heated  by  the  waste  gas  of  the  blast-furnaces. 
After  o4  hours  it  was  increased  J  in.  in  length.  On  again  exposing  it 
in  tho  same  oven,  during  a  period  of  1(58  hours,  it  was  further  perma- 
nently elongated  T'r  in.  As  the  surface  had  now  become  much  oxi- 
dized and  peeled  off,  it  was  not  possible  to  determine  whether  the  bar 
had  expanded  transversely. 

Advantage  has  been  taken  of  this  permanent  increase  in  volume 
which  cast-iron  acquires  by  long  exposure  to  a  high  temperature,  in 
rendering  cannon-shot  serviceable  which  had  been  cast  too  small. 


•  Read  March  24.    p.  170. 

•  Brewsfcr'*  Relink,  Jonrn.  of  Reienoo. 

1829.   io.  p,  .•{;><;. 
3  Berg.u.-Huttenm  Zvit.  I  sis.  7.  p.  s 


Quoted  from  the  Moniteur  Industrirl, 
Oct  1847. 

*  lkrg-u  Hiittenin.  Zeit.  1K/S4  13. 
p.  12. 
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The  shot  were  heated  in  a  charcoal  firo,  well  imbedded  in  the  char- 
coal, and  allowed  to  cool  under  charcoal  dust.  Their  surface  was 
bluish  grey,  and  did  not  require  any  cleaning  to  fit  the  shot  for  use ; 
whereas,  in  previously  attempting  to  employ  a  hot-blast  oven  for  the 
same  purposes,  the  surface  became  coated  with  firmly  adherent  red 
oxide,  so  difficult  to  detach  that  it  was  found  preferable  to  recast  the 
bhot  than  incur  the  labour  and  expense  of  cleaning  them.* 

Dilatation  of  Cast  iron  by  Heat. 

Generally  in  foundries  the  amount  allowed  for  contraction  of  grey 
pig-iron  after  fusion  is  1%*  «o  that  patterns  should  bo  made  larger  in 
that  proportion.'  In  white  pig-iron  the  contraction  after  fusion  is 
greater,  being  from  2n/c  to  2J%  of  tnc  length  of  the  object. 


SKETCH  OF  THE  HISTORY  OF  IKON. 

In  the  course  of  thin  volume,  the  History  of  the  Art  of  Extracting 
Iron  from  its  Ores,  and  preparing  it  in  the  several  states  of  malleable 
iron,  steel,  and  cast-iron,  for  tho  immediate  use  of  artificers  of  all 
kinds,  has  been  gradually  and  completely  unfolded.  I  have  reserved 
for  present  consideration  two  subjects,  namely,  the  employment  of  the 
metal  by  the  ancients,  and  tho  development  of  the  Smelting  of  Iron  in 
this  country  with  pit-coal. 

From  suitable  ore,  of  which  abundant  and  readily  accessible  sup- 
plies exist  in  various  localities,  nothing  more  easy  can  bo  conceived 
than  the  extraction  of  malleable  iron.  Of  all  metallurgical  processes 
it  may  bo  regarded  as  amongst  the  most  simple.  Thus,  if  a  lump  of 
red  or  brown  haematite  be  heated  for  a  few  hours  in  a  charcoal  fire, 
well  surrounded  by,  or  imbedded  in,  the  fuel,  it  will  be  more  or  less 
completely  reduced,  so  as  to  admit  of  being  easily  forged  at  a  red  heat 
into  a  bar  of  iron.  The  primitive  method  of  extracting  good  malleable 
iron  directly  from  tho  ore,  which  is  still  practised  in  India  and  in 
Africa,  requires  a  degree  of  skill  very  far  inferior  to  that  which  is 
implied  in  the  manufacture  of  bronze.  The  production  of  this  alloy 
involves  a  knowledge  of  cupper-smelting,  of  tin-smelting,  and  of  tho  art  of 
moulding  and  casting.  From  metallurgical  considerations,  therefore,  it 
is  reasonable  to  suppose  that  the  so-called  Age  of  Iron  would  have  pre- 
ceded the  Ago  of  Bronze.  Archaeologists,  however,  seem  generally  to 
have  arrived  at  an  opposite  conclusion,  mainly  from  the  fact  that, 
while  ancient  objects  of  iron  are  exceedingly  rare,  ancient  objects  of 
bronze  are  abundant.  But  it  should  be  remembered  that  iron  is  very 
rapidly  corroded  by  oxidation,  even  in  dry  climates,  whereas  bronze  is 
very  slowly  acted  upon  even  in  moist  climates.    Hence,  if  objects  of 

5  Berg-u.-Hfittenm.  Z«it.   18.">J.  14.  \>.  189. 
*  Traito  de  la  Fabrication  <1<'  la  Fonte  ft  «lu  Fit.    Fluclmt,  etc.    1812.  1  |».  70. 
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iron  were  ever  so  numerous  in  ancient  times,  it  is  certain  that  only 
few  could  have  been  long  preserved,  as  the  conditions  necessary  to 
protect  the  metal  from  oxidation  must  have  been  quite  exceptional. 

The  question,  whether  the  early  Egyptians  were  acquainted  with 
iron,  and  employed  steel  in  sculpturing  their  monuments,  has  given 
rise  to  much  discussion.  This  subject  has  recently  been  considered  by 
Mr.  A.  Henry  Ifhind,7  who  conceives  that  as  11  between  the  epoch  of  the 
Homeric  poems  and  the  full  historic  period  of  Greece,  iron  had  come 
to  be  extensively  employed  there,"  so,  44  in  like  manner,  and  within 
al>out  the  same  interval — if  probably  with  an  earlier  commencement — 
the  same  metal  was  more  or  less  completely  displacing  bronze  in 
Egypt."  In  the  tomb  of  Sebau  which  he  explored,  and  which  he  assigns 
reasons  for  believing  had  not  been  opened  during  nearly  2000  years 
previously,  he  discovered  on  the  massive  doors  of  the  inner  repositories 
hasps  and  nails  44  still  as  lustrous  and  as  pliant  as  on  the  day  they  left 
the  forge."  Hence  he  infers  that  the  destruction  of  iron  by  rust  cannot 
account  for  the  fact  that  so  few,  if  any,  articles  of  iron  should  have 
been  found  amongst  early  Egyptian  antiquities.  He  supports  this 
inference  by  another  fact,  that  implements  of  bronze,  used  for  ordinary- 
purposes,  such  as  chisels,  etc.,  are  commou  in  our  archaeological 
collections.  He  does  not  attach  much  weight  to  the  diversity  of 
colours  employed  by  the  early  Egyptians  in  depicting  metallic  objects ; 
for  in  some  instances  objects  identical  in  form  are  painted  alternately 
green  and  red.  This  inquiry  is  one  of  great  interest,  but  I  have  not 
yet  studied  the  subject  sufficiently  to  be  ablo  to  arrive  at  a  satisfactory 
conclusion.  I  may  add  that  I  have  just  received  from  Mr.  Francis 
tialton  specimens  of  black  slag,  not  unlike  iron  slag,  which  have  been 
recently  found  in  44  exceedingly  ancient  Sinai  tic  remains,"  conjectured 
to  be  anterior  to  tho  time  of  Moses. 

That  tho  Assyrians  were  well  acquainted  with  iron  is  clearly  esta- 
blished by  the  explorations  of  Mr.  Layard,  who  has  enriched  the  col- 
lection of  tho  British  Museum  with  many  objects  of  iron  from  Nineveh 
of  the  highest  interest.  Amongst  these  may  be  particularly  specified 
tools  employed  for  tho  most  ordinary  purposes,  such  as  picks,  hammers, 
knives,  and  saws.  There  is  a  saw  similar  in  construction  to  that  now 
used  by  carpenters  for  sawing  largo  pieces  of  timber  across.  It  has 
been  described  and  figured  by  Mr.  Layard.8  It  consists  of  a  blade 
•i  ft.  8  in.  long  and  4£  in.  broad  throughout  its  entire  length,  except  at 
one  end,  where  it  is  narrowed,  and  was,  no  doubt,  let  into  a  handle  of 
wood,  the  rivets  being  visible  upon  it.  The  other  end  was  probably 
similar,  but,  unfortunately,  it  has  been  broken  off.  Tho  metal  seems 
to  be  almost  wholly  converted  into  joxide,  yet  sufficient  remains  stronglv 
to  attract  the  magnetic  needle ;  that  is,  supposing  no  magnetic  oxide  of 
iron  to  be  present.    There  is  no  evidence  to  show  whether  it  ori- 


7  Thebes  :  its  Tonitw  ami  their  Tenants, 
aneient  mid  pivMent,  including  a  record  of 
Kxcuvutiona  in  the  N»rn>|rilin.  1KU2.  Ch. 
viii.  p.  217.    Schntl  up|ionr*  to  have  lieen 


liorn  n.o.  08,  and  to  hove  died  n.c.  9. 

8  Discoveries  in  the  Ruins  of  Nineveh 
and  Babylon.    1853.  p.  195. 
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ginally  consisted  of  iron  or  steel,  though  this  point  might  possibly  bo 
ascertained  by  very  careful  chemical  investigation.  As  an  illustration 
of  ancient  metallurgy,  there  is  no  object  in  the  Museum  of  greater  in- 
terest than  this  rusted  saw,  which  has  only  recently  been  exposed  to 
public  view.  It  was  found  in  the  North- West  Palace  at  Nimroud  ;  and 
it  is  computed  that,  while  it  could  not  bo  later  in  date  than  880  B.C., 
it  may  have  been  considerably  earlier.  The  fact  of  iron  having  been 
applied  to  common  hammer-heads,  for  which  bronze  might  have  proved 
a  tolerably  good  substitute,  indicates  that  iron  was  certainly  as  cheap, 
if  not  cheaper,  in  those  days  than  bronze ;  and  the  correctness  of  this 
inference  is  strikingly  confirmed  by  many  other  objects  from  the  same 
locality,  consisting  of  cores  of  iron  around  which  bronze  has  been 
cast.  I  examined  ono  of  these  at  the  request  of  Mr.  Layard,  to  whom 
I  communicated  a  description,  which  was  published  in  1853,  in  the 
'  Discoveries  in  the  Huins  of  Nineveh  and  Babylon,'9  and  from  which 
the  following  extract  is  presented  : — 

"  It  was  a  small  casting,  in  the  shape  of  the  fore-leg  of  a  bull.  It 
formed  the  foot  of  a  stand,  consisting  of  a  ring  of  iron,  resting  on  three 
feet  of  bronze.  It  was  deeply  corroded  in  places,  and  posteriorly  was 
fissured  at  the  upper  part.  A  section  was  made,  which  disclosed  a 
central  piece  of  iron,  over  which  the  bronze  had  been  cast.  At  the 
upper  part,  where  it  had  been  broken  off,  the  iron  had  rusted,  and  so 
produced  the  crack  above  mentioned.  The  casting  was  sound,  and 
the  contact  perfect  between  the  iron  and  surrounding  bronze.  It  was 
evident  on  inspection  that  the  bronze  had  been  cast  round  the  iron, 
and  that  the  iron  had  not  been  let  into  the  bronze ;  and  in  this  opinion 
I  am  confirmed  by  Mr.  Hobinson,  of  Pimlico,  who  has  had  consider- 
able experience  in  bronze  casting.  Some  interesting  considerations 
are  suggested  by  this  specimen. 

"  The  iron  was  employed  either  to  economize  the  bronze — for  the 
purpose  of  ornament — or  because  it  was  required  in  the  construction. 
If  the  former,  iron  must  havo  been  cheaper  than  bronze,  and,  there- 
fore, probably  more  abundant  than  has  been  generally  supposed.  .No 
satisfactory  conclusion  can  bo  arrived  at  on  this  point  from  the  fact 
that  bronze  antiquities  are  much  more  frequently  found  than  those  of 
iron ;  for  the  obvious  reason,  that  bronze  resists  destruction  by  oxida- 
tion much  bettor  than  iron." 

I  have  recently  examined  the  iron  of  the  core,  and  found  that  it 
does  not  becomo  sensibly  harder  by  plunging  it  while  red-hot  into 
mercury. 

Other  Assyrian  antiquities  of  iron,  which  deserve  particular  atten- 
tion, are  portions  of  chain  armour  and  two  helmets  ornamented  with 
bronze.  Those  helmets  are  greatly  corroded  by  rust,  but  they  are 
sufficiently  perfect  in  form  to  indicate  excellence  in  the  quality  of  the 
iron,  and  no  ordinary  skill  in  working  the  metal. 

The  early  history  of  the  art  of  extracting  and  working  iron  in  this 
kingdom  still  remains  obscure.    However  probable  it  may  bo,  it  is  not 

"  Appendix,  p.  070. 
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yet  certain,  that  the  Britons  were  acquainted  with  the  use  of  iron 
and  the  mode  of  reducing  its  ores  anterior  to  the  invasion  of  Casar. 
Hut  it  seems  to  be  well  established  that  the  Komans  largely  extracted 
iron,  especially  in  the  Forest  of  Dean 1  and  the  Weald  of  Sussex,*  where 
vast  accumulations  of  ancient  iron  slags  occur,  in  which  Roman  eoins 
and  other  antiquities  have  been  found  imbedded.  Amongst  the  Sussex 
slags,  coins  of  the  date  of  Nero,  Vespasian,  and  Dioclesian,  together 
with  numerous  fragments  of  Roman  potter}-,  have  been  discovered; 
and  amongst  those  of  the  Forest  of  Dean,  coins  of  the  date  of  Trajan. 
The  metal  was  obtained  direct  from  the  ore  in  the  malleable  state 
with  charcoal  as  fuel :  and  by  a  method  no  doubt  closelv  resembling, 
if  not  identical  with,  the  Catalan  process.  The  Roman  method  has 
been  pronounced  very  imperfect,  because  the  refuse  slags  contain  a 
large  percentage  of  iron.  Yet  the  slags  produced  by  the  Catalan  pro- 
cess are  always  of  necessity  equally  rich  in  iron ;  and  so  are  those 
formed  in  the  modern  South- Welsh  charcoal  finery  process,  and  in  the 
operation  of  puddling,  which  until  recently  were  thrown  away,  or 
used  to  mend  roads.  That  the  old  slags  should  have  become  valuable 
as  a  source  of  iron,  after  the  discovery  of  cast-iron  and  the  erection  of 
high -blast  furnaces,  does  not  indicate  that  the  Roman  method  of 
extraction  of  iron  from  its  ores,  sometimes  erroneously  termed  smelting, 
was  less  perfect,  qua  method,  than  the  modem  processes  of  convert- 
ing pig-iron  into  bar-iron.  They  did  by  one  process,  according  to  the 
direct  metltotl,  what  we  now  effect  by  two ;  and  the  slag  which  they  pro- 
duced should  l>e  compared  not  with  our  blast-furnace  cinder,  but  espe- 
cially with  our  finery,  tap,  and  flue  cinders. 

With  regard  to  the  supposition  that  the  ancient  Britons  were  fami- 
liar with  the  use  of  iron,  and  knew  how  to  extract  it  from  its  ores, 
Mr.  Lower  has  made  the  following  observations,  which  appear  to  mc 
to  have  conside  rable  forco  : 3 — 14  It  is  not  improbable  that  the  iron  of 
Sussex  was  wrought  in  times  oven  anterior  to  the  conquest  of  this 
island  by  the  Romans.  Previously  to  the  advent  of  Cajsar,  the  in- 
habitants of  Hritain  must  have  made  a  considerable  advance  in  the  arts 
of  civilization.  To  have  subjugated  the  hone,  and  to  have  made  such 
proficiency  in  many  of  the  details  of  military  science  as  the  conqueror 
of  Gaul  found  to  his  cost  that  they  possessed,  may  well  assert  for  them 
a  degree  of  refinement  quite  at  variance  with  the  too  generally  re- 
ceived opinion  that  they  were  mere  savages  and  barbarians.  If  the 
use  of  iron  be  taken  as  the  point  at  which  pure  barbarism  ends  and 
civilization  begins,  the  ancient  Britons  had  certainly  passed  that 
point,  as  the  formidable  scythes  attached  to  the  axles  of  their  chariots 
sufficiently  prove,  to  say  nothing  of  the  chariots  themselves,  which 


1  The  Forest  of  Dean ;  am  Historical 
and  Descriptive  Account,  derived  from 
personal  observation  und  other  arrant*, 
public,  private,  legendary,  and  local.  Bv 
H.  ii.  N'ielmlU,  M  A.  is;>s.  p.  212  et 
soq.  Yid.  also  a  Lecture  by  the  same 
Author  to  the  A  re  ban  logical  Associa- 
tion, July  23,  1SC0. 


*  Contributions  to  Literature,  Histori- 
cal, Antiquarian,  and  Metrical.  By  Mark 
Antony  Lower,  M.A.,  F.S.A.  1*834.  ]». 
So  et  seq.  Historical  and  AiratwJosioJ 
Memoir  OD  the  Iron-works  of  the  {vmtli- 
east  of  England  (jtartieularly  of  Sussex 

3  Op.  tit  p.  93. 
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obviously  [Is  this  obvious?]  were  not  made  without  tho  use  of  iron 
tools.  Caesar  mentions  that  tho  currenev  of  the  people  consisted  partly 
of  iron  rings,  adjusted  to  a  certain  weight  (utuntur  aut  (ere  ant  annulis 
ferret's  f  ad  certum  pondus  examinatis,  pro  numtno);  and  as  he  states,  in  the 
same  breath,  that  their  brass  [bronze  ?]  was  imported  (tvre  utuntur  im- 
portato),  it  may  reasonably  be  inferred  that  their  iron  was  of  home 
manufacture.  And  assuming  that  such  was  the  case,  the  iron  of  our 
W  calds  could  hardly  have  escaped  notice.  However  great  the  error  of 
Caesar  in  asserting  that  Britain  produced  but  little  iron  (nascitur  V i  i  t 
tnarttimis  [regionibus]  ferrum  ;  sed  ejus  exigua  est  coju'a)*  his  allusion  is 
useful  as  proving  his  knowledge  of  tho  fact  that  tho  island  was  not 
destituto  of  this  invaluable  mineral :  and  how  he  became  acquainted 
with  that  fact,  except  from  the  information  of  the  Britons  themselves, 
it  would  be  difficult  to  determine.  It  may  be  further  remarked,  that 
the  *  maritimo  regions '  referred  to  by  him  were,  in  all  probability, 
the  Wealds  of  Kent  and  Sussex." 

M.  Keller,  President  of  the  Society  of  Antiquaries  at  Zurich,  has 
recently  published  an  interesting  account  of  blocks  of  malleable  iron, 
which  are  rough  on  the  surface,  quadrangular,  and  bevelled  otf  almost 
to  a  point  at  each  end,  so  as  to  form  a  sort  of  double  pyramid.  They 
have  been  found  in  different  parts  of  Switzerland,  unaccompanied 
with  furnace  residua.  They  vary  in  weight  from  10  lbs.  to  16  lbs. 
Keller  suggests  that  they  may  possibly  bo  similar  to  the  objects  above 
referred  to  by  ( 'aesar ;  that  they  were  crude  and  roughly  forged  lumps 
produced  in  primitive  Catalan  forges,  and  were  transported  from  a 
distance  as  articles  of  merchandise,  to  be  wrought  on  tho  spot  into  the 
required  forms.3 

4  De  Bell.  Ci'nll.  lib.  v.  cap.  12.  marking  sites  of  huts.    In  all  these  rum- 

*  I  insert  the  following  interesting  ex-  parte  and  dwellings  blocks  of  the  jiorphyry 
tract  from  The  Times  of  Sept.  10,  1802  : —  of  the  district  have  been  used  as  the  solo 
"Diggings  into  Anciknt  Bimt.un. —  building  material.  On  the  southern  slope 
Consecutive  explorations  of  an  unusual  of  a  hill.  l<*ndly  distinguished  asCrccnlaw, 
diameter  have  btcn  made  during  the  great  mass-en  of  ruin  promised  a  rich  re- 
summer  of  the  last  and  present  years  in  ward  to  tho  spade  of  the  excavator.  Here 
the  Cheviot  district.  On  these  lofty  hills,  three  walle  I  incisures,  connected  with  one 
sealed  for  so  many  months  of  the  year  another  by  a  roadway,  have  1m  en  brought 
with  snow,  yet  clad  in  summer  with  ferns  to  light.  Within  these  inclosures  tran  s 
and  moan's  and  short-set  grass,  with  here  of  us  many  as  seventy  stone  huts  can  l>e 
and  there  a  purple  fox-glove,  a  mountain  counted.  Most  of  the  entrances  into  these 
pink,  or  n  scarlet-leaved  bilberry,  a  writ-  face  the  east,  and  the  floors  of  those  that 
able  tract  of  ancient  Britain  lias  been  laid  have  been  dug  into  are  found  to  have 
Imre  :  a  walled  town,  several  tbrtlets,  been  rudely  flagge  1  with  flattish  jmrphyry 
scattered  hot-circles  and  tumuli  have  been  stones.  The  largest  of  the  inclosures  lias 
disencumbered  of  the  earth  that  has  been  been  strengthened  with  two  ramparts; 
accumulating  over  them  for  nearly  2000  against  the  inner  of  these  walls  is  a  hut 
years;  and  many  interesting  facte  have  which  has  a  flue — the  earliest  evidence  of 
been  thus  disclosed  respecting  the  Celtic  the-  use  of  chimneys  we  poss  -as.  A  sunken 
tribes  whom  Caesar  found  in  powsessiott  of  fireplace  was  found  to  lie  formed  about 
the  laud.  It  would  appear  that  the  Cheviot  18  inches  Ih-Iow  the  flagging,  from  which 
Hills  were  well  jiopulnted  in  those  remote  a  funnel  conducted  the  smoke  through 
times.  Huge  circles  of  masonry  overgrown  the  thickness  of  the  rampart.  Charred 
with  herbage  are  seen  on  most  of  them,  wood  was  found  in  the  conduit.  In 
sometimes  on  the  slopes,  sometimes  on  the  several  of  the  huts  charred  wood  was 
summits,  and  within  many  of  these  then1  found  in  the  floors,  as  well  as  broken 
arc  smaller  circles  of  turf-covered  stones   pottery  ;  in  one  a  glass  bead,  in  another 
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From  the  period  when  the  extraction  of  iron  from  its  ores  was  first 
practised  until  a  few  centuries  ago  at  furthest,  the  art  appears  to  have 
remained  nearly  stationary ;  and  it  could  not  have  been  otherwise  so 
long  as  the  direct  process,  or  that  by  which  the  metal  is  obtained  in 
the  malleable  state  by  one  operation  from  the  ore,  was  the  only  one 
known :  for,  in  this  process,  as  we  have  seen,  only  comparatively 
small  quantities  of  ore  can  be  successfully  treated  at  a  time ;  and  it  is 
so  extremely  simple  in  its  nature  as  not  to  admit  of  any  considerable 
improvement.  The  great  step  in  advance  was  the  discovery  of  cast- 
iron,  and  the  invention  of  the  high-blast  furnace.  We  have  traced  the 
gradual  transition  from  the  Catalan  hearth  to  this  gigantic  furnace, 
through  the  successive  stages  of  the  Osmund  furnace  and  the  German 
Stiickofen,  in  which  either  a  huge  lump  of  malleable  iron  or  cast-iron 
was  produced  at  will  by  varying  the  proportions  of  ore  and  fuel  consti- 
tuting the  charge. 

The  date  of  tho  discovery  of  cast-iron  has  not,  so  far  as  I  am  aware, 
been  precisely  ascertained,  though  it  is  a  point  of  great  archaeological 
interest.  Lower  has  published  the  following  remarkable  statement, 
which  would  lead  to  the  conclusion  that  cast-iron  was  made  and 
applied  in  England  500  years  ago : — M  A  curious  specimen  of  the  iron 
manufacture  of  the  fourteenth  century,  and,  as  far  as  my  own  obser- 
vation extends,  tho  oldest  existing  article  produced  by  our  foundries, 
occurs  in  Hurwash  Church  [Sussex].  It  is  a  cast-iron  slab,  with  an 
ornament*]  cross,  and  an  inscription  in  relief.  In  the  opinion  of 
several  eminent  antiquaries,  it  may  t>o  regarded  as  unique  for  the 
style  and  period.  The  inscription  is  much  injured  by  long  exposure 
to  the  attrition  of  human  feet.  Tho  letters  are  Longobardic,  and  the 
legend  appears,  on  a  careful  examination,  to  be— 

•  ORATE  P.  ANN  EM  A  JHONE  COLINE  (or  COUNS).' 
'  Pray  for  tho  soul  of  Joan  Collins/ 

Of  tho  identity  of  the  individual  thus  commemorated  I  have  been 
unable  to  glean  any  particulars.  In  all  probability  she  was  a  member 
of  the  ancient  Sussex  family  of  Collins,  subsequently  seated  at  Sock- 
nersh,  in  the  adjacent  parish  of  Urightling,  where,  in  company  with 
many  of  the  neighlxuiring  gentry,  they  carried  on  the  manufacture  of 
iron,  at  a  place  still  known  as  Socknersh  Furnace." 1 


stone  seat,  in  others  n  fragment  of  n  glass 
armlet,  part  of  tho  horn  of  the  ml  cWr, 
and  tlmt  lmttom  stones  of  hnndmills.  The 
Celtic  remains  on  Broughlow,  Chostors, 
and  Ingram  Hill  have  also  been  examined. 
The  most  recent  diggings  have  been  made 
on  Yearning  Belt  On  the  summit  of 
the  Bell,  1500  feet  above  the  level  of  the 
s<it,  there  is  a  rampart  of  masonry  in- 
closing twelve  acres ;   and  within  this. 


traced.  On  the  slopes  of  the  hill  are  several 
fortieth,  or  ramparts,  surrounding  hat- 
circles,  which  have  also  been  opened  out 
In  one  a  small  guard-ehamber  was  found 
at  the  entrance  recessed  into  the  thickness 
of  tlie  wall  of  the  mm]nrt.  Flint  arrow- 
heads, broken  pottery,  querns,  fragments 
of  glass  and  oak  were  found  in  the  soil  in 
different  place*.  The  discovery  also  of 
pieces  of  iron  flag  furnislies  a  new  new  •* 


again,  is  a  sunken  chamber  in  which  sacri-  Celtic  life,  as  a  general  impression  prc- 
fi»v*  are  supposed  to  have  been  offered,  vailed  among  antiquarians  that  the  aneirfit 
Thisehamber  wils  cleared  of  earth,  leaving  '  Britons  were  unacquainted  with  the  art™ 
its  masonry  well  defined;  but  no  arrange-  I  smelting.*' 


ment  of  a  sacrificial  character  could  W  1     «  Op.  cit.  p.  07. 
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According  to  the  same  antiquarian,  tho  first  cannons  of  cast-iron 
were  manufactured  at  Buxted  [Bucksteed],  in  Sussex,  by  Ralph  I  logo 
or  Hogge,  in  1543  (35  Henry  VIII).7  "This  founder,"  it  is  stated, 
"employed  as  his  assistant  Peter  Baude,  a  Frenchman,  whom  lie  had 
probably  brought  over  to  teach  him  the  improved  method."  But,  as 
Lower  remarks,  this  connection  was  probably  not  of  long  continuance ; 
for  it  is  recorded  that  "  John  Johnson,  covenant  servant  to  tho  said 
P.  Bawd  succeeded  and  exceeded  his  master  in  this  his  art  of 

casting  ordnance,  making  them  cleaner  and  to  better  perfection.  And 
his  son,  Thomas  Johnson,  a  special  workman,  in  and  before  the  year 
1595  made  42  cast  pieces  of  great  ordnance  of  iron,  for  the  Karl  of 
Cumberland,  weighing  6000  lbs.,  or  three  tons  a-picce." 8  However, 
it  is  not  certain  whether  Sussex  was  the  scene  of  these  operations. 

Agricola,  who  was  born  in  1494  and  died  in  1555,  appears  to  have 
been  acquainted  with  cast-iron  ;  for  ho  thus  writes :  M  Iron,  smelted 
from  iron-stone,  is  easily  fusible,  and  can  be  tapped  off.  A\  hen  the 
same,  after  the  slag  has  been  lifted  off,  is  further  heated  to  redness 
\gliiht,  which  the  German  translator  renders  'frischt'],  it  becomes 
malleable,  and  may  be  worked  under  tho  hammer  and  drawn  out,  but 
can  no  longer  be  easily  poured,  except  when  it  is  again  melted  down." 9 
The  last  part  of  tho  sentence  is  somewhat  obscure. 

In  the  sixteenth  century,  the  destruction  of  our  forests  by  "vora- 
cious iron-works,"  as  Evelyn  designated  them,  had  proceeded  to  so 
great  an  extent  as  to  excite  alarm  on  account  of  tho  increasing  scarcity 
of  wood,  especially,  it  would  seem,  for  naval  purposes.  Accordingly, 
an  Act  was  passed  in  the  first  year  of  the  reign  of  Elizabeth  to  the 
effect,  "that  no  person  or  persons  hereafter  shall  convert  or  employ, 
or  cause  to  be  converted  or  employed,  to  coal  [i.e.,  burn  into  charcoal] 
or  other  fuel,  for  tho  working  of  iron,  any  timber-tree  or  timber-trees 
of  oak,  beech,  or  ash,  or  of  any  part  thereof,  of  the  breadth  of  one  foot 
square  at  the  stub  end,  growing  within  fourteen  miles  of  the  sea,  or 
of  any  part  of  tho  rivers  of  Thames,  Severn,  Wye,  Huml>cr,  Dee, 
Tine,  Teeso,  Trent,  or  any  other  river  or  creek  or  stream  by  which 
carnage  is  commonly  used  by  boat  or  other  vessel  to  any  part  of  the 
sea,  upon  pain  of  forfeiture  for  every  such  tree  or  part  thereof  so  em- 
ployed or  converted  to  coal  or  other  fuel  for  the  making  of  iron,  as  is 
aforesaid,  forty  shillings  of  lawful  money  of  England  ;  the  one-half  of 
all  which  forfeiture  to  be  to  our  sovereign  lady  the  Queen's  Majesty  and 
her  heirs  and  successors,  and  tho  other  money  to  him  or  them  that 
will  sue  for  the  same  by  original  writ,  bill,  plaint,  or  information, 
wherein  no  essoin,  protection,  injunction,  or  wager  of  law  shall  bo 
admitted  or  allowed.  Provided  always,  that  this  Act  shall  not  extend 
to  the  county  of  Sussex,  nor  to  tho  weald  of  Kent,  nor  to  any  of  the 
parishes  of  Charlwood,  Xewdigate,  and  Leigh,  in  the  weald  of  the 
county  of  Surrey." 1 


»  Op.  cit.  p.  104.  On  the  authority  of 
tfolimhed,  2.  p.  960. 

«  Ibid.  p.  105.  Cited  by  I/mer,  from 
Hayley'H  MS8..  Britinh  Mimeum, 


9  (Joorg  Agrikoln's  Minernlogisehe 
Schriften  tibeneUt  von  Ernst  Lehmann. 
Preyin  g,  1S10.    3rd  part,  2.  p.  227. 

»  Rome  Account   of  the  Worshipf"' 
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In  1584,  being  the  27th  year  of  Elizabeth's  reign,  an  Act  was 
passed  for  the  preservation  of  timber  in  Sussex,  Surrey,  and  Kent. 
M  This  Act  seta  forth  that  whereas  by  over  great  negligence  or  number 
of  iron  works  which  have  been  and  yet  are  in  the  wealds  of  the 
counties  of  Sussex,  Surrey,  or  Kent,  it  is  thought  that  the  great  quan- 
tity of  timber  which  hath  been  grown  in  those  parts  hath  been  greatly 
spoiled  ami  wasted,  and  in  a  short  time  will  be  utterly  consumed,  if 
some  remedy  be  not  provided.  And  then  enacts,  that  no  person,  from 
and  after  the  feast  of  Easter  next,  shall  erect  in  any  place  within  the 
said  counties  any  manner  of  iron-mills,  furnace,  finary,  or  bloinary,* 
for  the  working  or  making  of  iron  or  iron-metal,  other  than  cither 
upon  such  old  and  former  bayes  or  pens  whereupon  hath  lately  been 
or  at  the  time  of  the  new  erection  shall  be  then  standing  some  iron- 
mills,  furnace,  or  hammer,  or  else  in  or  upon  such  lands  as  the  party 
so  erecting  any  such  new  intended  works  shall  continually  furnish  the 
same  with  a  sufficient  supply  of  wood  standing  and  growing  upon  their 
own  proper  soil  or  land,  being  to  him  or  them  in  fee  simple,  etc. :  nor 
shall  convert  or  employ  to  coals  [charcoal]  for  the  making  of  iron, 
etc.,  the  Mies  of  any  sound  timber-trees  apt  for  making  good  and  suffi- 
cient cleft  wares,  or  m  wing-timber  of  oak,  ash,  or  elm,  of  the  breadth 
of  one  foot  square  at  the  stub  or  any  part  of  the  body;  upon  pain  of 
forfeiture  for  every  such  iron-mill,  etc.,  so  erected  the  sum  of  three 
hundred  pounds,  and  for  every  body  of  such  tree,  etc.,  forty  shillings. 
Provided  always,  that  the  tops  and  offals  of  all  such  trees  within  the" 
wealds  of  Sussex,  Surrey,  and  Kent,  the  same  not  being  within  eighteen 
miles  of  London,  or  eight  miles  of  the  river  Thames,  or  four  miles  of 
the  towns  of  Rye  and  Winchelsca,  or  within  three  miles  of  Hastings,  or 
within  four  miles  of  the  hills  called  the  Downs  between  Arundel  and 
Povensey,  may  be  converted  into  coal  for  making  of  iron,  etc.*** 

This  is  pretty  sharp  legislation,  it  must  be  admitted;  and  at  the 
present  time  its  equivalent  would  bo  severe  restrictions  on  the  work- 
ing of  coal,  with  a  view  to  prevent  its  exhaustion,  about  which  so 
much  apprehension  has  of  late  been  expressed.  In  the  days  of  Queen 
Elizabeth  the  disforesting  of  the  country  had  proceeded  to  such  an 
extent  as  to  excite  reasonable  alarm  lest  wood,  then  the  only  fuel  in 
common  use,  should  become  exorbitantly  dear,  and  tho  Maritime  Power 
of  England  should  suffer  from  want  of  suitable  timber,  wherewith  to 
build  those  wooden  walls  which  Evelyn,*  even  long  afterwards, 
declared  were,  under  God,  the  only  protection  of  the  nation,  but  which, 
in  these  days  of  armour-plated  ships,  are  comparatively  worthless  lum- 
ber. Hut,  apart  from  social  and  political  considerations,  in  the  minds 
of  such  men  as  Evelyn  there  was  a  deeply  rooted  dislike  to  the  smelting 
and  manufacture  of  iron.  Thus,  alluding  to  a  fine  oak,  "calPd  the 
Lady  Oak,"  which  M  bore  five  foot  square,  forty  foot  long,"  and 

G»mpnny  of  Ironmongers.    Compiled  from  way  of  spelling  the  won!,  which,  as  has 

tluir  own  records  hi  id  other  authentic  heen  previously  Mated,  is  derived  from 

sources  of  information.     Djf  John  Nieholl,  44  bloma." 

F.S.A.    lHol.   Privately  printed,    p.  84.  »  Some  Account,  etc.  p.  118. 

2  This  seems  to  N>  the  most  correct  4  Bom  1(120. 
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44  contain'd  twenty  tun  of  timber,"  most  of  which  44  sold  for  20*.  per 
tun,  besides  that  the  boughs  afforded  twenty  five  loads  of  fuel-wood," 
Sir  Ed.  Ilarley  said  to  Evelyn,  44  Is 't  not  pitty  such  goodly  creatures 
should  be  devoted  to  Vulcane  ?  "  The  reply  was,  44  So  far  this  noble 
gent.,  to  which  I  would  add  4  Dira?,'  a  deep  execration  of  iron-mills, 
and  1  had  almost  sayd  iron-masters  too."  * 

Evelyn  states  that  in  his  time  in  Sussex  alone,  owing  to  the  devastation 
caused  by  iron  and  glass-works,  of  the  ancient  Andradswald,  originally 
"one  entire  wood,"  120  miles  long  and  30  broad,  44 little  or  no  sign"  re- 
mained. 44  Certainly,"  he  remarks,  44  the  goodly  rivers  and  forests  of  the 
other  world  would  much  better  become  our  iron  and  saw  mills  than  these 
exhausted  coun treys,  and  we  prove  gainers  by  the  timely  removal." 

The  time  had  now  arrived  when  attention  would  necessarily  be 
directed  to  the  possibility  of  substituting  pit-coal  for  charcoal,  then 
termed  coal,  in  the  extraction  of  iron  from  its  ores,  and  in  the  subse- 
quent stages  of  its  manufacture.  Pit-coal  had  certainly  been  used  as 
fuel  for  ordinary  purposes  so  long  ago  as  a. p.  853,  as  it  is  distinctly 
specified  in  a  grant  of  lands  of  that  date  to  the  Abbey  of  Peterborough. 
In  1239  Henry  the  Third  granted  a  charter  to  the  townsmen  of  \ew- 
castle-on-Tyne  for  liberty  to  dig  coals,  and  this  is  stated  to  be  the 
earliest  notice  extant  of  the  actual  working  of  coal.  There  is  a  docu- 
ment dated  a.d.  12-15,  of  the  same  reign,  in  which  the  expression 
44  carbo  maris,"  sea-coal,  occurs,  and  by  this  it  has  continued  to  be 
designated  nearly  until  the  present  day  ;  in  the  same  document  express 
mention  is  mado  of  coal-pits  and  of  the  wages  of  the  colliers  who 
worked  in  them.  Tho  use  of  coal  in  London  and  tho  suburbs  was 
prohibited  by  royal  proclamation  of  Edward  the  First,  44  to  avoid  the 
sulforous  smoke  and  savour  of  the  firing,"  smiths  only  being  oxcepted  ; 
but  in  twenty  years  afterwards  it  was  burned  in  the  royal  palace. 
Harrison,  in  his  description  of  England,  prefixed  to  Holinshed's  Chro- 
nicle, edited  in  1577,  wrote  the  following  sentence,  which  is  especially 
apposite  in  this  place: — 44  Of  cole-mines  we  have  such  plenty  in  tho 
north  and  western  parts  of  our  island  as  may  suffice  for  all  tho  realmo 
of  Englande.  And  soe  must  they  doe  hereafter  indeede  if  wood  be 
not  better  cherished  than  it  is  at  present :  and  to  say  the  truth,  notwith- 
standing that  very  many  of  them  are  carried  into  other  countryes  of 
the  mainc,  yet  theyr  greatest  trade  beginneth  to  growe  from  the  forgo 
into  the  kitchon  and  hallo,  as  may  appear  already  in  most  cities  and 
townes  that  Ivo  about  tho  cost,  where  they  have  little  other  fcwel 

•  mm      m  m 

except  it  be  turfe  and  hassocks.  I  marvayle  not  a  little  that  there  is 
no  trade  of  these  into  Sussex  and  Southamptonshiro,  for  want  whereof 
the  smiths  do  work  their  yron  with  charre-coal.  I  think  that  farre  car- 
riage be  the  only  cause,  which  is  but  a  slender  excuse  to  inforcc  us  to 
cany  them  unto  the  niayne  from  hence."1 


4  Some  Account,  e  tc.  p.  121.  Quoted 
from  Evelyn's  SSylvn.  It  is  conjeetuiv<l  by 
some  geologists  that  coal  may  exist  in 
Sussex  at  workable  depths;  and  should 
this  conjecture  prove  correct,  it  is  not  im- 


probable that  iron-smelting  may  be  re- 
sumed in  that  county,  where  plenty  of 
iron-ore  remains. 

6  I  have  extracted  the  preceding  infor- 
mation concerning  the  history  of  e<*d 

3  J. 
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A  patent,  dated  a.d.  1611,  February  29,  was  granted  by  James  the 
First  during  the  term  of  31  years  to  Simon  Sturtevant  for  the  use  of 
"  Sea-coale  or  Pit-coale  "  in  various  metallurgical  and  other  manufac- 
turing operations,  the  extraction  and  working  of  iron  being  specially 
mentioned.  According  to  Sturtevant,  there  existed  at  that  time  in 
England  and  Wales  44  eight  hundred  milnes  for  the  making  of  Iron," 
of  which  400  were  in  Surrey,  Kent,  and  Sussex,  200  in  Wales,  and  20 
in  Nottinghamshire,  the  remaining  180  being  supposed  to  exist  in 
other  localities  in  England,  Scotland,7  and  Ireland.  The  same  autho- 
rity further  states  that  44  one  milne  alone  spendcth  yearly  in  char-coale 
600  pound  and  more."  liy  the  substitution  of  pit-coal  for  charcoal  in 
the  iron-works  alone,  the  saving  is  estimated  at  320,000/.  per  annum. 
It  does  not  appear  that  Sturtevant's  alleged  inventions  with  respect  to 
iron  were  ever  carried  into  practice;  although  he  announces  that 
44  greene  glass  for  windows  is  made  as  well  by  pit-coale  at  Winchester 
house  in  Southwarke,"  as  in  other  places  with  wood,  and  smiths  had 
during  many  years  used  44  small  sea-coal,"  which  answered  quite  as 
well  as  charooal.  In  his  treatise,  entitled  4  Metallica/  which  is  in  the 
form  of  a  dialogue,  he  puts  the  question,  44  What  meanes  are  to  he 
used  to  make  Earth-coale  as  serviceable  for  metalique  purposes  as 
wood  or  Char-coal  ?  "  The  answer  does  not  present  any  solution  of 
the  problem ;  but  it  suggests  the  probability  that  coking  may  have 
Wen  intended,  and  purposely  concealed.  It  is  as  follows :— *4  There  are 
three  sorts  :  the  first  is  to  bring  earth  coal  to  that  equality  of  heat  that 
wood  or  charcoale  hath,  that  is  to  say,  that  it  maketh  neither  hotter  or 
eoulder  firo  than  wood  or  charcoale  doth;  tho  second  meanes  is,  so  to 
order  and  prepare  pit-colo  that  all  nocure  [noxious]  proprieties  which 
are  avenue  from  all  Metallique  substances  may  be  abstracted  in  it;  the 
third  meanes  is,  the  addition  and  infusion  of  those  deficient  properties 
which,  as  they  are  in  charcoal,  so  are  they  to  be  found  in  pit-coal.'' 
The  4  Motallica '  is  full  of  pedantic  conceits  and  ridiculous  terminology.' 

Sturtevant's  patent  was  speedily  ''cancelled  and  made  voyd,  by 
reason  of  his  standing  outlawed  at  tho  time  of  the  grant,"  and  44  his 
neglect  and  not  performance  of  the  workes;"  and  in  1613  his  pri- 
vileges were  transferred  to  John  Hovenzon,  who  had  been  instrumental 
in  procuring  the  original  patent.  We  are. assured  that  Rovtnion 
4'  satisfactorily  effected  "  what  Sturtevant  had  promised,  and  failed  to 
accomplish ;  but  no  evidence  is  advanced  in  proof  of  the  fact.  The 
new  patentee  was  the  author  of  4  A  Treatise  of  Metallica,'  though 
44  not  that  which  was  published  by  Mr.  Simon  Sturtevant  upon  his 
Patent."  Kovenzon  seems  to  have  invented  44  bloomcries,  fineries,  and 
ehafferies  of  devision  [sky  in  which  44  the  material  to  be  melted  or 


from  *  The  Hirfnrrof  FomQ  FueU  theOol*  lica;  or,  The  Treatise  of  MetaBej 
lit-rit  s,  on<l  C ml  Trade  of  Great  Britain.*  Briefly  comprehending  the  Doctrim  ^ 
Staled.    London,  1841.    p.  305  et  aeq.       diverse  new  Metallieal  Invention*,  twt 

7  Dud  Dudley,  in  his  treatise  published  '  especially  how  toNeale,  Melt  and  Worke 
1  <}«;.">.  states  that  Scotland  made  no  iron,    all  kinde  of  Mettle   Oarea,  Irons,  m» 

•  It  has  hern  reprinted  by  the  Coramis-  I  Steele*  with  Sea-Coale,  Pit-Coale,  Kartn- 
Mom  rs  of  Patent*.    The  title  is  •  Metal-    Coal,  and  Brush  Fewell.' 
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wrought  may  bo  kept  divided  from  touch  of  the  fewels;"  and  he 
clearly  describes  the  reverberatory  furnace.  lie  concludes  his  little 
treatise  with  the  announcement  that,  44  Whereas  an  Iron-worko  cannot 
be  well  set  up  and  set  on  worke  after  the  usuall  manner  without  a 
1000  pound  or  1500  pound  dis-bursement  and  stocke;  now  by  this 
new  Invention  an  100  Stocke  will  performe  as  much  with  Sea-cole 
and  the  new -devised  Furnaces,  having  a  convenient  house  to  set  the 
Furnace  In."  The  invention  referred  to  was  probably  the  application  of 
the  reverberatory  furnace  ;  for,  writes  Rovenzon,  44  the  furnace  being  a 
winde  furnace  (which  is  best),  saveth  the  chargo  of  the  bollowes,  and 
of  a  milne  to  make  them  blow."  • 

After  the  failure  of  Sturtevant  and  Rovenzon,  unsuccessful  attempts 
to  extract  iron  from  its  ores  by  means  of  pit-coal  having  been  made  by 
one  Gombleton  at  Lambeth  and  Dr.  Jorden  of  Bath,  at  length  Dud 
Dudley,  of  Tipton,  appeared  on  the  scene  ;  and  to  him  is  assigned  the 
credit  of  having  first  solved  this  important  economical  problem.  He 
was  fourth  natural  son  of  Edward  Lord  Dudley  by  his  concubine 
Elizabeth,  daughter  of  William  Tomlinson,  of  Dudley.  Ho  was  bom 
in  1509,  and  was  buried  in  St.  Helen's  Church,  Worcester,  Octo- 
ber 25,  1084.  He  married  Elinor,  daughter  of  Francis  Heaton,  of 
Groveley  Hall,  who  was  buried  in  the  same  church  December  ;ird, 
1G75.  He  appears  to  have  died  without  issue.  He  was  colonel  in  tho 
army  of  Charles  tho  First,  and  General  of  the  Ordnance  to  Prince 
Maurice.  On  his  monument,  fixed  to  the  south  wall  of  St.  Helen's 
Church,  it  is  recorded  that  ho  was  captured  in  H348,  condemned,  but 
not  beheaded.1 

Dud  Dudley  published  an  account  of  his  labours  relating  to  the 
substitution  of  pit-coal  for  charcoal  in  the  smelting  of  iron,  but  care- 
fully refrained  from  disclosing  his  method.  The  title  is  as  follows  : — 
4  Dud  Dudley's  Metallum  Martis:  or  Iron  made  with  Pit-coale,  Sea- 
cole,  etc.,  and  with  the  same  Fuell  to  Melt  and  Fine  Imperfect  Mettals, 
and  Refine  perfect  Mettals.'    Lond.  1605,  pp.  54. 

In  1619  he  was  removed  from  Balliol  College,  Oxford,  to  superintend 
his  father's  iron-works  at  Pensnet  in  Worcestershire,  consisting  of  one 
[blast]  furnace  and  two  forges,  all  working  with  charcoal.  As  wood 
had  become  scarce,  and  pit-coal  abounded  near  the  furnace,  Dud  Dud- 
ley was  induced  to  make  trial  of  this  fuel  as  a  substitute  for  charcoal. 
With  this  view,  he  informs  us,  he  altered  his  furnace,  and  his  first 
experiment  was  so  successful  that  he  44  made  iron  to  profit."  The 
quality  of  the  metal  was  found  44  to  be  good  and  profitable,  but  the 
quantity  did  not  exceed  above  3  Tuns  /x?r  week."  He  immediately 
informed  his  father  of  his  success,  who  thereupon  applied  to  the  king 


9  Rovenzon's  Treatise,  dated  1613,  has  tho  College  of  Aims,  London.    His  mo- 

nlsobeen  reprinted  by  the  CVunmiHaioners of  numental  inscription  is  given  in  Nash's 

Patents.   The  name  is  also  spelt  Ilovinson.  Worcestershire,  vol.  ii.,  A  pp.  149.  Iain 

'  His  pedigree  is  extracted  from  the  indebted  for  all  those  particulars  to  Mr. 

Herald's  Visitation  of  the  County  of  Staf-  John  N.  Bagnall,  of  Shenstone  Moss,  near 

ford,  made  in  the  vear  1063,  and  now  in  Lichfield. 
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for  a  patent,  which  was  granted  for  31  years.*  In  the  year  following 
the  patent  a  disastrous  flood  occurred,  called  »•  the  great  May-day 
blood"  which  M  not  onely  ruinated  the  Authours  Iron  Works,  and  In- 
ventions ;  but  also  many  other  mens  Iron  works."  This  event,  Dudley 
tells  us,  brought  joy  to  many  iron -masters,  whose  works  escaped,  and 
who  had  disparaged  his  inventions,  because  he  sold  iron  cheaper  than 
they  could  afford  it.  These  envious  rivals  even  complained  to  the 
king  that  Dudley's  iron  was  not  merchantable,  whereupon  he  was 
commanded  to  send  samples  of  his  bar-iron,  suitable  for  military  and 
naval  purposes,  to  the  Tower  of  London,  to  be  duly  tested  by  com- 
petent persons.  The  result  was  favourable  to  Dudley,  and  we  are 
informed,  "that  the  iron-masters  and  iron-mongers  were  all  silenced 
until  the  21st  of  King  James,1*  when,  at  the  Parliament  of  that  date, 
all  monopolies  being  declared  null,  an  attempt  was  made  by  various 
iron -masters  to  apply  the  declaration  to  the  invention  of  smelting  iron 
with  pit-coal  and  peat.  However,  Lord  Dudley  and  Dud  Dudley 
obtained  an  extension  of  the  patent  for  the  term  of  14  years,  after 
which  the  latter  continued  to  produce  annually  a  large  quantity  of 
good  and  merchantable  iron,  which  he  sold  at  12/.  per  ton.  He  also 
manufactured  all  sorts  of  cast-iron  wares,  such  as  brewing  cisterns, 
pots,  and  mortars,  better  and  cheaper,  it  is  alleged,  than  any  previously 
made  in  this  country  with  charcoal  as  fuel. 

At  length  Dudley's  opponents,  the  charcoal  iron-masters,  prevailed, 
and  succeeded,  wrongfully,  in  depriving  him  of  his  44  works  and  in- 
ventions." But  of  the  means  by  which  this  triumph  was  achieved,  no 
account,  is  given.  Dudley  afterwards  erected  a  furnace  at  Himley,  in 
Staffordshire,  and  there  made  much  iron  with  pit-coal :  but  not  possess- 
ing a  forge,  and  being,  therefore,  unable  to  convert  his  pig-iron  into 
burs,  he  was  obliged  to  sell  it  to  the  charcoal  iron-masters,  44  who  did 
him  much  prejudice,  not  onely  in  detaining  his  stock,  but  also  dis- 
paraging the  iron  ;  Himley  Furnace  being  Kented  out  unto  Charcole 
Iron-Masters."  Dudley  constructed  another  largo  furnace  27  ft.  square, 
all  of  stone,  at  IlasOO  (now  Askew)  Bridge,  in  the  parish  of  Sedgley, 
Staffordshire,  and  worked  with  larger  bellows  than  ordinary.  In  this 
he  produced  weekly  7  tons  of  pig-iron,  the  greatest  quantity  ever 
made  in  Great  Britain  with  pit-coal  up  to  that  period.  But  poor 
Dudley  was  again  molested  ;  a  riot  occurred,  and  the  bellows  of  his 
new  furnace  were  cut  to  pieces  by  riotous  persons,  so  that,  being 
wearied  with  law-suits  and  riots,  ho  was  disabled  and  prevented  from 
carrying  on  his  invention  until  the  expiration  of  the  term  of  his  first 
patent.  He  was  imprisoned,  and,  according  to  his  own  statement, 
wrongly,  in  the  Compter  in  London  for  a  debt  of  several  thousand 
pounds.    In  tho  fourteenth  year  of  the  reign  of  Charles  the  First,  in 


a  Then'  in  some  discrepancy  as  to  dates,  i  have  been  granted  in  the  19th  rear  of  the 
At  p.  48  the  invention  is  stated  to  have  reign  of  James  I.,  whereas  it  was  granted 
boon  made  in  1018,  that  is  a  year  before  a  d.  1019  (p.  7),  in  the  17th  year  of  the 
Dudley  left  Oxfonl,  recorded  at  p.  5.  reign  of  that  king,  who  ascended  the 
Again,  at  p.  12,  the  patent  is  ■toted  to    throne  in  16<'3. 
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spite  of  much  opposition,  he  obtained  the  grant  of  a  fresh  patent  for  the 
use  of  pit-coal  and  peat,  44  not  only  for  the  making  of  Iron  into  cast-works 
and  bars,  but  also  for  the  Melting,  Extracting,  Refining,  and  Reducing 
of  all  Mines,  Minerals,  and  Mettals,"  with  pit-coal  and  peat.  Dudley's 
troubles  were  not  yet  ended  ;  for,  having  entered  into  partnership 
witli  two  persons  at  Bristol  and  begun  to  erect  a  new  furnace  near 
that  city  in  1 65 1 ,  ho  became  involved  in  litigation  with  his  partners, 
who,  he  says,  u  not  only  cunningly  drew  me  into  Bond,  entered  upon  my 
Stock  and  Work,  unto  this  day  detained  it,  but  also  did  unjustly  enter 
Staple  Actions  in  Bnstoxc  of  great  value  against  me,  because  1  was  of 
the  Kings  Party ;  unto  the  great  prejudice  of  my  Inventions  and  Pro- 
ceedings, my  Pattent  being  then  almost  extinct;  for  which,  and  my 
Stock,  am  I  forced  to  Sue  them  in  Chancery." 

Dudley  relates  the  attempts  of  several  persons  to  whom  Cromwell 
and  the  Parliament  granted  a  patent  and  an  Act  for  making  iron  with 
pit-coal.  Spacious  wind-furnaces  and  pots  of  glass-house  clay  were 
tried  in  the  Forest  of  Dean  at  great  expense,  but  the  results  were 
signal  failures.  Dudley  being  importuned  for  advice  visited  the 
Forest,  inspected  the  methods  proposed,  and  pronounced  that  they 
could  not  bo  successful.  A  second  patent  was  granted  by  Cromwell  to 
Captain  John  Copley  for  the  application  of  pit-coal  to  the  smelting  of 
iron,  and  attempts  were  made  to  conduct  the  operation  at  Bristol,  but 
these  also  failed.  In  1057,  "all  men  now  desisting  from  the  Inven- 
tions of  making  Iron  with  Pit-cole  and  Sea-cole,"  and  Dudley  being 
moved  with  pity  that  no  man  was  able  to  master  the  art,  petitioned 
Charles  the  Second,  the  same  day  on  which  he  landed,  for  a  renewal  of 
his  patent,  but  met  with  a  refusal,  and  then  ceased  from  further  prose- 
cuting his  invention. 

Like  many  modem  patentees,  Dudley  appears  to  have  unduly  ex- 
tolled the  merits  of  his  invention  ;  for  he  asserted  that  not  only  was 
pig-iron  smelted  with  pit-coal  cheaper,  but  44  more  excellent "  than 
that  smelted  with  charcoal.  Dudley  sold  his  pig-iron  at  4/.  per  ton, 
and  his  bar-iron  at  Vll.  per  ton,  the  prices  of  charcoal  pig-iron  and 
charcoal  bar-iron  being  at  that  timo  61.  or  even  71.  per  ton,  and  from 
15/.  to  18/.  per  ton  respectively.  In  no  part  of  Dud  Dudley's  Treatise 
is  there  any  hint  as  to  the  nature  of  his  invention,  which,  probably, 
consisted  in  using  coke  instead  of  raw  coal.  I  am  informed  that  tho 
only  visible  remains  of  his  smelting  operations  are  cinders  at  Askew 
Bridge. 

After  the  cessation  of  Dud  Dudley's  labours  in  tho  smelting  of  iron 
with  pit-coal,  Plot  informs  us  that  efforts  to  accomplish  that  object 
with  raw  coal  were  again  made  in  Staffordshire  by  one  Blewstone,  a 
high  German,  who  built  a  furnace  at  Wednesbury  44  so  ingeniously 
contrived  that  only  the  flame  of  the  coal  should  come  to  the  ore,  with 
several  other  conveniences."  This  was  probably  a  reverboratory  fur- 
nace, and  the  experiment  ended  in  failure.3 


3  The  Natural  Hi.nU.rv  of  Staff  .rdnhirc.  By  Bok-rt  Plot,  LL.D.  Oxford,  l«i8U. 
p.  128. 
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An  interesting  account  of  the  iron -works  of  the  Forest  of  Bean  by 
Henry  l'owlo  is  contained  in  the  Philosophical  Transactions  for  1676.* 
rharcoal  was  then  the  only  fuel  used  fur  smelting,  and  the  author 
states  that  several  ineffectual  attempts  had  been  made  to  employ  sea- 
coal  as  a  substitute,  which  abounded  in  the  locality,  could  be  easily 
gotten,  aud  was  much  less  expensive  than  charcoal.  The  workmen, 
however,  found  by  experience,  "  that  a  sea-coal  fire,  how  vehement 
soever,  will  not  penetrate  the  most  fix'd  parts  of  the  ore,  and  so  leaveth 
much  of  the  metal  unmclted."  The  blast-furnaces  were  about  24  ft. 
square  on  the  outside,  nearly  30  ft.  high,  and  8  ft  or  10  ft  wide  at  the 
Inches.  The  blowing  apparatus  is  described  as  follows: — "Behind 
the  furnace  are  placed  two  huge  pair  of  bellows,  whose  noses  meet  at 
a  little  hole  near  the  bottom.  These  are  compressed  together  by  cer- 
taiu  buttons,  placed  on  the  axis  of  a  very  large  wheel,  which  is  turn'd 
about  by  water,  in  the  manner  of  an  overshot  mill.  As  soon  as  these 
buttons  are  slid  off,  the  bellows  are  raised  again  by  the  counterpoise  of 
weights,  whereby  they  are  made  to  play  alternately,  the  one  giving  its 
blaM  all  the  time  the  other  is  rising."  Tho  pig-iron  produced,  it  is 
btated,  was  converted  into  malleable  iron  in  a  finery,  described  as  an 
11  open  hearth,"  with  sea-coal  as  the  fuel.  Keheatiug  was  effected  in 
an  o]>en  hearth,  called  the  chafery,  in  which  t-ea-coal  was  also  used. 

A  considerable  period  appears  now  to  have  elapsed  before  any  fur- 
ther attempt  was  made  to  smelt  iron  with  pit-coal ;  and  it  was  reserved 
for  Abraham  Darby  to  solve  the  problem  with  complete  success  at  the 
L'olebrook  Dale  Iron  works,  Shropshire,  about  the  year  1735.  It  was 
at  the  same  works  that  his  father  Abraham  had  introduced  the  art  of 
easting  iron,  for  which  they  have  ever  since  been  renowned.  So  far 
as  I  am  aware,  there  is  no  name  which  has  been  so  long  and  so  honour- 
ably known  in  connection  writh  the  iron  trade  of  this  country  as  that  of 
Darby.  Conceiving,  therefore,  that  a  sketch  of  the  history  of  the 
family  would  be  acceptable  to  the  readers  of  this  volume,  and  not 
having  met  with  any  trustworthy  published  details  on  the  subject,  I 
applied  to  the  existing  representative  of  the  family,  Mr.  Abraham 
Darby,  of  the  Kbbw  Yale  Iron- works,  for  assistance,  when  Mrs.  Darby, 
at  the  request  of  her  husband,  immediately  responded  to  my  appli- 
cation. 1  now  present  with  much  pleasure  the  following  interesting 
narrative,  which  that  lady  has  compiled  with  great  care  from  authentic 
records,  omitting  only  certain  genealogical  details  which  have  no  spe- 
eial  bearing  upon  the  connection  of  the  family  with  the  smelting  and 
manufacture  of  iron. 

About  the  time  of  the  Battle  of  Worcester  (Sept.  3,  1651),  the  fur- 
naee  lor  smelting  iron  ore  at  l'olebrook  Dale  belonged  to  one  of  the 
family  of  \\  olffe,  of  Madeley,  the  same  Wolffe  who,  after  the  battle, 
sheltered  the  royal  fugitive  in  a  bain,  while  the  soldiers  on  the  King's 
track  were  regaled  by  Mrs.  Wolffe  with  bread,  cheese,  and  ale.  The 
furnac  e  passed  next  into  the  hands  of  a  Mr.  Fox,  who  made  cannon- 
balls  and  hand  grenades  for  the  Government.    It  was  blown  up  by 

*  11.  p.  981. 
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the  bursting  of  the  Pool  Dam,  the  water  gaining  access  into  the  inte- 
rior. Fox  went  to  Kussia  with  Peter  tho  Great,  and  was  heard  of  no 
more. 

About  the  year  1670  John  Darby  occupied  the  farm  called  the 
Wren's  Nest,  near  Dudley,  in  Worcestershire.  He  married  in  107."), 
and  had  a  son,  named  Abraham,  bora  in  1(377,  who  was  apprenticed  to 
a  malt-mill  maker  in  Birmingham.  In  1008,  at  the  expiration  of  his 
apprenticeship,  ho  married  Mary  Sargeant,  of  Birmingham,  and  began 
business  as  a  malt-mill  maker  on  his  own  account  at  Bristol.  About 
six  years  afterwards  he  sailed  to  Holland,  and  engaged  Dutch  brass- 
founders  to  return  with  him  to  England.  In  1700,  ip  conjunction 
with  four  partners,  he  established  at  Bristol  the  brass-works  known  as 
Baptist  Mills,  of  which  he  took  the  management.  He  conceived  the 
idea  that  cast-iron  might  be  substituted  for  brass,  and  prevailed  upon 
his  Dutch  workmen  to  try  to  mako  iron  castings  in  moulds  of  sand  ; 
but  they  failed,  and  considerable  loss  was  incurred  in  their  experi- 
ments. 

At  this  time  a  Welsh  shepherd-boy,  named  John  Thomas,  succeeded 
in  rescuing  a  flock  of  his  master's  sheep  from  a  snow-drift ;  and  later  in 
tho  spring  of  tho  same  year,  during  heavy  rain  and  the  melting  of  tho 
snow,  he  swam  a  river  to  fetch  home  a  herd  of  mountain  cattle.  These 
he  collected  and  drove  to  the  river,  but  the  ford  had  now  become  a 
boiling  torrent.  He  nevertheless  crossed  it  on  tho  back  of  an  ox,  and 
brought  home  the  whole  herd  in  safety.  As  a  reward  for  his  courage, 
his  master  presented  him  with  four  of  the  sheep  which  he  had  saved. 
He  sold  their  wool  in  order  to  buy  better  clothing  for  himself,  and 
afterwards  disposed  of  the  sheep,  so  that  he  might  obtain  money  where- 
with to  travel  to  Bristol  and  "seek  his  fortune."  Afraid  of  being 
pressed  for  a  soldier  if  found  in  Bristol  out  of  place,  as  it  was  then  the 
time  of  the  Duke  of  Marlborough's  wars,  he  requested  his  master  to 
recommend  him  as  an  apprentice  to  a  relative,  who  was  one  of  tho 
partners  of  the  Baptist  Mills.  The  boy  was  accordingly  6ent  into  tho 
Brass-works,  until  ho  should  procure  employment.  As  ho  was  looking 
on  during  the  trials  of  the  Dutch  workmen  to  cast  iron,  ho  said  to  Abra- 
ham Darby  that  he  44  thought  he  saw  how  the}*  had  missed  it."  He 
begged  to  bo  allowed  to  try,  and  ho  and  Abraham  Darby  remained 
alone  in  the  workshop  the  same  night  for  the  purpose.  Before  morn- 
ing they  had  cast  an  iron  pot.  The  boy  Thomas  entered  into  an 
agreement  to  serve  Abraham  Darby  and  keep  the  secret.  He  was 
enticed  by  the  offer  of  double  wages  to  leave  his  master ;  but  he 
continued  nobly  faithful,  and  afterwards  showed  his  fidelity  to  his 
master's  widow  and  children  in  their  evil  days.  From  1709  to  1828 
the  family  of  Thomas  were  confidential  and  much  valued  agents 
to  the  descendants  of  Abraham  Darby.  For  more  tlian  100  years  after 
the  night  in  which  Thomas  and  his  master  made  their  successful  expe- 
riment of  producing  an  iron  casting  in  a  mould  of  fine  sand,  with  its 
two  wooden  frames  and  its  air-holes,  tho  same  process  was  practised 
and  kept  secret  at  Colebrook  Dale,  with  plugged  key-holes  and  barred 
doors. 
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The  sleeping  partners  at  Baptist  Mills  became  dissatisfied  with 
Darby,  believing  that  he  had  lost  his  judgment,  and  was  wasting 
money  in  fruitless  experiments.  The  partnership  was,  consequently, 
dissolved,  and  Darby  drew  out  his  share  of  the  capital.  He  took  a 
lease  of  the  furnace  at  Colebrook  Dale,  and  removed  with  his  family  to 
Madeley  Court  in  1709,  John  Thomas  accompanying  him.  In  the  pic- 
turesque valley  of  Colebrook  Dale,  the  rivulet,  called  in  old  records 
4*  Coldbrook,"  winds  between  rocky  hills  from  the  spurs  of  the  Wrekin 
above  Lum  Hole,  till  it  falls  into  the  Severn  more  than  a  mile  below. 
The  site  was  well  adapted  for  iron-making  :  there  was  available  water- 
power  ;  iron  ore  and  limestone  occurred  in  the  locality,  and  the  neigh- 
bouring copse-covered  hills  supplied  an  abundance  of  charcoal.  Abra- 
ham Darby  built  another  furnace,  or,  as  he  termed  it,  "forge,"  and 
took  leases  of  minerals,  and  his  trade  increased.  In  1715  he  sold  one 
share,  i.e.,  part,  of  the  works  for  3:>0/.,  which  in  1758  was  bought 
back  for  1150/.  He  died  March  8,  1717,  aged  40,  leaving  a  widow 
and  two  sons,  of  whom  the  eldest,  named  Abraham,  was  born  March  12, 

nil. 

While  Abraham  Darby  lived,  affairs  prospered;  but,  unhappily, 
after  his  decease,  a  brother-in-law  in  whom  he  had  confided  acted 
dishonestly  towards  the  widow  and  family,  and  even  defrauded  some 
of  the  workmen. 

Young  Abraham  Darby  entered  upon  the  management  of  the  Cole- 
brook Dale  Iron- works  about  1730.  As  the  supply  of  charcoal  was 
fast  failing,  Abraham  Darby  attempted  to  smelt  with  a  mixture  of  raw 
coal  and  charcoal,  but  did  not  succeed.  Between  1730  and  1735  he 
determined  to  treat  pit  coal  as  his  charcoal-burners  treated  wood.  He 
built  a  fire-proof  hearth  in  tho  open  air,  piled  upon  it  a  circular  mound 
of  coal,  and  covered  it  with  clay  and  cinders,  leaving  access  to  just 
sufficient  air  to  maintain  slow  combustion.  Having  thus  made  a  good 
stock  of  coke,  he  proceeded  to  experiment  upon  it  as  a  substitute  for 
charcoal.  He  himself  watched  tho  filling  of  his  furnace  during  six 
days  and  nights,  having  no  regular  sleep,  and  taking  his  meals  at  the 
furnace  top.  On  the  sixth  evening,  after  many  disappointments,  the 
experiment  succeeded,  and  the  iron  ran  out  well.*  He  then  fell  asleep 
in  the  brulge-houso  at  tho  top  of  his  old-fashioned  furnace  so  soundly 
that  his  men  could  not  wake  him,  and  carried  him  sleeping  to  his 
house,  a  quarter  of  a  milo  distant.  From  that  time  his  success  was 
rapid.  To  increase  tho  power  of  his  water-wheels  of  24  ft.  diameter, 
ho  set  up  a  "  fire-engine  "  (i.e.,  an  old  atmospheric  steam  engine),  to 
raise  water  from  under  the  lowest  and  send  it  to  the  upper  pond, 
which  supplied  water  to  the  works,  and  put  in  motion  the  largest  bel- 
lows that  had  been  made.  Ho  obtained  additional  leases  of  valuable 
minerals,  and  erected  seven  furnaces,  with  five  fire-engines.  In  1754  the 
first  furnace  at  Horsehay  was  blown  in.    In  December,  1756,  '  Horse- 


4  Aeeor.ling  to  Herivenor,  "pit  coal 
*'w  usitl  by  Mr.  Abraham  Durby  in 
hu*  furnace  at  Colt  brook  Dub-,  i„  J7*]3" 


(History  of  the  Iron  Trade.  New  «4 
1854,  p.  5V,  )  ;  but  this  statement  w  err- 
to  inly  erroneous. 
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hay's  work  "  was  declared  to  be  »■  at  a  top  pinnacle  of  prosperity,  20 
and  22  tons  per  week,  and  sold  off  as  fast  as  made,  at  profit  enough." 
Iron  rails  were  laid  down  for  the  tram-waggons  between  Horsehay 
and  Colebrook  Dale  about  this  time.  Abraham  Darby  died  March  31, 
1703,  aged  52.  He  is  described  as  small,  of  slight  build,  yet  strong 
and  active,  with  very  bright  black  eyes.* 

The  eldest  son,  still  named  Abraham,  was  born  April  24,  1750.  Ho 
took  the  charge  of  the  Colebrook  Dale  Works  when  ho  was  not  quite 
18  years  of  age.  In  1788  he  received  the  gold  medal  of  the  Society  of 
Arts  for  his  bridge  over  the  Severn,  the  first  ever  constructed  of  cast- 
iron.    He  died  March  20,  1791,  aged  41. 

The  management  of  the  works  soon  devolved  upon  Edmund  Darby, 
son  of  a  younger  brother,  born  April,  1782.  He  died  suddenly 
March  29,  1810.  Under  his  direction  the  rolling-mill  at  Horsehay 
was  erected,  and  the  old  fire-engines  replaced  by  the  improved  steam- 
engines  of  Boulton  and  Watt.  He  left  two  sons,  Abraham  and  Alfred, 
who  jointly  took  the  management  of  the  Colebrook  Dale  Works  in 
1830.  Mr.  Alfred  Darby  died  suddenly  April,  1852;  Mr.  Abraham 
Darby  retired  from  the  management  of  those  works  in  1 851 ,  and  resided 
at  Stoke  Court  until  1862,  when  he  assumed  the  active  management  of 
the  Ebbw  Vale  Iron  Company's  Works,  of  which  he  is  a  principal 
partner. 

The  substitution  of  pit-coal  or  coke  for  charcoal  in  the  smelting  of 
iron  involved  the  necessity  of  increasing  the  pressure  of  the  blast,  and 
accordingly  blowing  machines,  more  powerful  than  bellows,  were 
speedily  introduced.  It  is  stated  that  blowing  cylinders  were  first  used 
at  the  Carron  Iron-works,  established  by  Dr.  Roebuck  in  1 7«>0. 7  There 
were  four  single-acting  cylinders  of  cast-iron,  4  ft.  6  in.  in  diameter ;  and 
the  pistons,  of  which  the  stroke  was  4  ft.  (»  in.,  were  worked  in  alterna- 
tion, so  that  a  continuous  and  tolerably  equable  blast  was  maintained. 
Greater  uniformity  in  the  pressuro  of  the  blast  was  afterwards  secured 
by  first  blowing  into  capacious  vessels  or  chambers,  termed  regulators, 
from  which  the  air  passed  into  the  furnace.  Double-acting  cylinders 
followed  in  the  natural  course  of  improvement,  and  are  now  in  general 
use.  At  the  Dowlais  Iron-works  is  a  blowing  cylinder  144  in.  in 
diameter,  with  a  stroke  of  12  ft.,  making  20  double  strokes  per  minute, 
the  pressure  of  the  blast  being  31  lbs.  per  square  inch.  The  discharge 
pipe  is  5  ft.  in  diameter  and  140  yards  long,  thus  answering  tho  purpose 
of  a  regulator.  The  steam  cylinder  is  55  in.  in  diameter,  the  stroke 
13  ft.,  the  pressure  of  tho  steam  GO  lbs.  per  square  inch,  and  tho 
engine  works  up  to  t>50  horse-power."    I  am  not  aware  whether  a 

6  In  the  Philosophical  Transactions  for  death  of  Ahrahum  Darby  in  1717,  Ford 

1747  is  a  short  notice,  in  which  it  is  stated  bought  a  share  in  the  Iron-works  at  Colo- 

that  Mr.  Fonl  made  Iron  at  Colebrook-  brookdale.    He  was  unsuccessful  in  busi- 

dale  brittle  or  tough,  as  he  pleased  ;  and  ncss. 

cast  cannon  so  soft  as  to  bear  turning  like  '  History  of  the  Iron  Trade.  Scrivenor, 

wrought  iron.      Ford  (Richard)  was  a  1854.    p.  83. 

clerk  in  the  Colebrook  Dale  Iron-works,  '  Proceedings  of  the  Institution  of  Me  - 

who   married   Abraham  Darby's  eldest  chanical  Engineers,  June,  1857.  p.  112. 
daughter,  Mary,  Aug.  1,  1718.    After  the 
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larger  blowing  cylinder  than  that  above  described  has  been  con- 
structed. 

The  history  of  the  improvements  in  the  smelting  and  manufacture  of 
iron  and  steel,  which  succeeded  the  application  of  pit-coal,  has  already 
been  presented  under  the  heads  of  Puddling,  Hot-Blast,  Utilization  of 
the  Waste  Gas  of  the  Blast-Furnace,  Cast-Steel,  and  the  Bessemer 
Process.    Great  improvements  yet  remain  to  be  effected,  and  one  of 
the  most  urgently  needed  is  a  method  whereby  either  the  process  of 
puddling  may  be  superseded,  or  the  labour  now  required  to  conduct  it 
may  be  greatly  reduced.   1  am  not  acquainted  with  any  manufacturing 
operation  which  demands  such  severe  muscular  exertion  in  equally 
trying  conditions.    It  is  not  surprising  that  puddlers  should  manifest 
a  growing  disinclination  to  bring  up  their  children  to  this  occupation, 
to  which,  as  a  general  rule,  their  strength  ceases  to  be  equal  beyond 
the  age  of  45  or  50.    The  Bessemer  process,  it  was  hoj>ed.  would  cau>e 
the  extinction  of  puddling ;  but  this  hope,  as  we  have  seen,  has  for 
the  present  at  least  been  sadly  disappointed. 

Notwithstanding  the  marvellous  development  of  the  Iron  trade  in 
this  and  other  countries  since  the  introduction  of  railways,  yet  it  may 
be  safely  affirmed  that  the  uses  of  iron  will  bo  vastly  more  extended 
than  at  present,  and  that  there  is  no  just  ground  for  apprehension  lest 
there  should  be  over-production  of  this  precious  metal.  Even  the 
railway  system  is  in  a  state  of  rapid  growth,  and  the  time  will  come 
when  every  habitable  part  of  the  earths  surface  will  be  reticulated 
with  iron-  or  steel-roads.  Tho  day  of  Steel  has  arrived— but  not  to 
the  exclusion  either  of  wrought  or  cast-iron ;  and  steel  is  destined  to 
exercise  an  important  influence  on  the  destinies  of  tho  human  race. 
Every  rail,  or  at  least  tho  head  of  every  rail,  will  be  made  of  steel,  as 
may  bo  certainly  inferred  from  the  fact  that  steel  rails  have,  under 
equal  conditions,  been  proved  to  last  eight  times  as  long  as  wrought- 
iron  rails,  while  the  difference  in  prime  cost  between  steel  and  wrought- 
iron  rails  is  not  at  all  proportionate  to  this  difference  in  durability. 

We  have  ample  Supplies  of  iron-ore ;  and  happily,  during  the  last 
few  years,  very  extensive  deposits  of  ore  have  been  discovered  in  our 
liassio  and  oolitic  beds  in  Yorkshire,  Northamptonshire,  and  Lincoln- 
shire. Our  coal,  however,  is  not  only  being  consumed  at  a  prodigious 
rate  at  homo,  but  is  being  largely  exported  ;  and  the  question  as  to  tho 
probable  duration  of  our  coal-fields  has  of  lato  been  discussed  with 
reasonable  anxiety.  In  1862  wo  raised  84,000,000  tons  of  coal,  and 
the  demand  continually  increases.  Hitherto,  owing  to  the  abundance 
of  our  mineral  fuel,  we  have  been — and  we  still  are — comparatively 
regardless  of  economy  in  its  consumption.  The  time  has  now  arrived 
when  necessity  will  compel  us  to  act  differently,  both  in  our  manu- 
factories and  in  our  households. 
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Method  of  detebmining  the  quantity  of  combined  C'abbon  in  Jbon 
and  Steel.    By  Professor  Eggertz,  of  FahluD  (Stockholm,  1862).' 

\\  hen  white  pig-iron  is  dissolved  in  iodine  with  certuin  precautions 
a  residue  is  left,  containing  carbon,  silica,  etc.  From  several  results 
obtained  by  Eggertz  from  many  varieties  of  white  pig-iron  and  hard 
steel,  this  carbon-residue  was  found  to  be  uniform  in  composition,  and 
to  contain  on  the  average  59°/0  of  carbon.  Some  of  this  residue,  from 
white  pig-iron  free  from  graphite,  has  been  analysed  by  Mr.  T.  L. 
Ekman,  and  after  deducting  the  silica  found  to  have  the  following 
average  composition  : — 


Carbon    "i9-69 

Iodine    1<J07 

Water    £2*5(1 

Nitrogen    0*  IS 

Sulphur   0-23 

Loss    1-38 


100*00 


The  quantity  of  carbon  from  four  experiments  varied  0*57o«  Tho 
proportion  of  carbon  in  the  residue  may  be  taken  at  60%«  Ko  altera- 
tion in  weight  occurs  when  it  is  heated  from  95  '  to  110°  C. ;  at  150°  it 
loses  9%,  and  at  240°  about  33%. 

The  process  is  conducted  in  tho  following  manner : — 
1  gramme  (  =  15*432grs.)  of  iron,  which  has  passed  through  holes 
of  0*2  of  a  line  in  diameter,  is  added  in  small  portions  to  5  grms. 
(=  77-16gr8.)  of  iodine  and  5  cubic  centimetres  (=  0*18  fluid  oz.) 
of  water,  contained  in  a  glass  vessel  having  a  watch-glass  cover,  and 
previously  cooled  in  ice  water.  It  is  kept  for  24  hours  at  a  tempera- 
ture of  0°C. :  during  the  first  6  hours  it  should  be  carefully  stirred 
with  a  glass  rod,  and  afterwards  less  frequently  ;  with  these  precautions 
it  is  possible  to  conduct  tho  operation  without  tho  least  evolution  of 
hydro-carbons.  The  insoluble  residue  of  carbon,  silica,  etc.,  is  collected 
on  a  weighed  filter,  and  washed  with  hot  water  until  it  becomes  white 
or  the  filtrate  is  free  from  iron  :  or  tho  residue  may  bo  washed  with 
a  solution  of  2  parts  of  water  and  1  part  of  hydrochloric  acid,  heated 
to  70°  or  80  CC,  and  finally  with  water.  The  filter  and  residue  are 
dried  at  95°  to  100°  C,  until  the  weight  remains  constant;  they  are 


1  For  translations  from  this  and  the  two 
following  paptrs,  which  are  in  Swedish, 
I  am  indebted  to  n.y  friend  Mr.  Sandberg  ; 


and  the  abstracts  of  these  papers  hen;  pre- 
sented have  been  prepaied  by  Mr.  It. 
Smith. 
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afterwards  ignited,  and  the  weight  of  the  silica,  etc.,  is  deducted. 
The  loss  by  ignition  represents  the  amount  of  carbon-residue,  con- 
taining 60%  of  carbon;  from  these  data  the  amount  of  carbon  con- 
tained in  the  iron  experimented  on  is  found  by  calculation.  When 
graphitic  carbon  is  likewise  present,  it  must  be  estimated  in  tbe  usual 
way,  and  the  weight  deducted  from  the  carbon-residue. 

Example: — Mottled  pig-iron  has  been  found  to  contain  1*25%  of 
graphite.  By  dissolving  the  iron  in  iodine  it  gave  5*5%  of  carbon- 
residue  containing  graphite.  1*25%  deducted  from  5*5%  leaves 
4-25%  of  carbon -residue,  containing  00%  of  carbon,  which  is  equal 
to  2 "5»ri%  of  combined  carbon  in  the  pig-iron  under  examination. 

Method  of  determining  combined  Carbon  in  Pig-iron  or  Steel  by 
a  Colour ation-te8t.    By  Professor  Eggertz. 

Sesqui  oxide  of  iron  dissolved  in  nitric  acid,  if  not  too  concentrated, 
yields  a  solution  which  is  free  from  colour,  or  has  only  a  feeble  greenish 
tint.  When  pig-iron  or  steel  is  acted  on  by  nitric  acid,  the  solution  is 
coloured  by  the  carbon  product  in  proportion  to  the  amount  of  com- 
bined carbon  present,  and  there  is  no  action  on  the  graphite.  A 
normal  solution  is  prepared  by  dissolving  some  cast-steel  containing 
a  known  amount  of  carbon,  with  certain  precautions  to  be  described, 
in  so  much  nitric  acid  of  1*2  specific  gravity,  that  every  cubic  centi- 
metre (  =  O'O'IT  fluid  oz.)  of  the  solution  may  represent  0*001  grni. 
(=  0*015  gr.)  of  carbon.  This  normal  solution  does  not  maintain  its 
colour,  but  generally  becomes  paler  after  24  hours.  Feebly  burnt 
sugar  gives  a  yellow,  and  hanl  burnt  sugar  a  brown,  solution  ;  by 
dissolving  a  mixture  of  the  two  in  a  solution  of  equal  parts  of  water 
and  alcohol,  it  is  possible  to  obtain  a  yellow-brown  normal  solution  of 
the  proper  tint,  which  may  be  kept  for  some  time  in  a  hermetically- 
sealed  tube  pretty  well  protected  from  the  influence  of  light.  In 
order  occasionally  to  control  tho  normal  solution,  0*1  grm.  (=  1-643 
gr.)  of  steel  containing  a  known  weight  of  carbon  is  dissolved  in  5 
cubic  centimetres  (  =  0*18  fluid  oz.)  of  nitric  acid,  and  the  solution 
diluted  until  the  tint  corresponds  to  that  of  tho  normal  solution  of 
burnt  sugar. 

The  process  is  conducted  as  follows  :  0*  1  grm.  (  m  1-543  gr.)  of  the 
finely  divided  iron  or  steel  is  put  into  nitric  acid  of  1*2  specific 
gravity,  and  free  from  chlorine,  contained  in  a  test  tube  of  about  4 
inches  in  length  and  0*4  inch  diameter.  Tho  test  tube  is  immersed 
in  water,  and  kept  at  a  temperature  of  80 3  C.  If  the  temperature 
exceeds  this,  the  colour  of  the  solution  decreases  and  shows  too  small 
an  amount  of  carbon.  By  a  lower  temperature  the  dissolving  proceeds 
too  slowly,  and  the  colour  of  the  liquid  may  be  too  strong. 

When  the  evolution  of  carbonic  acid  gas  ceases,  which  for  steel 
usually  requires  two  or  three  hours,  the  test  tube  is  removed  and  left 
to  cool.  The  solution  is  then  carefully  decanted  off  from  anv  black 
particles  which  may  have  been  deposited  during  cooling  into  a 
graduated  tube.    A  few  drops  of  nitric  acid  are  added,  and  heat  ap- 


Digitized  by  Google 


ESTIMATION  OF  PHOSPHORUS  IN  IRON  AND  STEEL. 


893 


plied:  if  no  evolution  of  gas  occurs,  the  black  particles  consist  of 
graphite  or  slag ;  if  otherwise,  the  test  tube  is  cooled  and  the  solution 
Is  added  to  that  before  obtained,  and  the  whole  diluted  with  water 
until  the  colour  corresponds  to  that  of  the  normal  solution. 

If  1  cubic  centimetre  of  the  normal  solution  correspond  to  0*1%  of 
carbon,  and  the  solution  in  the  graduated  tube  measures  7  cubic  centi- 
metres, then  the  iron  or  steel  operated  upon  contains  0*  7%  of  carbon. 

As  it  is  usually  difficult  to  dissolve  0*1  grm.  (  =  1*543  gr.)  of  iron 
in  less  than  1  *5  cubic  centimetres  of  nitric  acid,  it  is  not  possible  with 
the  before-mentioned  normal  solution  to  determino  less  than  0  ■  1 5  °/ 
of  carbon.  \\  hen  the  carbon  exceeds  0  •  5  %» *ne  solution  has  a  greenish 
tint,  which  causes  some  little  difficulty  in  comparing  it.  with  tho  normal 
solution  ;  in  such  a  case,  a  poorer  normal  solution  is  made  by  adding 
6  parts  by  measure  of  water  to  3  parts  of  the  common  normal  solution. 
If  the  quantity  of  carbon  is  largo,  as  in  white  pig-iron,  only  0*05  grm. 
(0*74  gr.)  is  to  be  employed. 

In  several  iron-works  in  Sweden  where  tho  Bessemer  process  is 
practised,  this  method  for  determining  the  carbon  has  already  been 
adopted,  and  has  afforded  much  facility  and  certainty  in  the  assort- 
ment of*  the  steel,  which  Ixrfore  it  was  necessary  to  ascertain  experi- 
mentally by  forging  and  hardening. 

Estimation  op  Phosphobus  in  WaouGnT-inoN,  Pig-iron,  Steel,  and 
Ibon  ores.    By  Professor  Eggertz 

The  iron  or  steel  is  reduced  to  powder  and  passed  through  a  sieve 
with  holes  of  about  0-2  of  a  line  in  diameter.  1  grm.  of  tho  iron  or 
steel  is  gradually  put  into  a  small  glass  vessel  covered  with  a  watch- 
glass,  and  containing  12  cubic  centimetres  (0*43  fluid  oz.)  of  nitric 
acid  of  1*20  specific  gravity.  Heat  is  applied  by  a  water-bath,  and 
when  the  metal  is  dissolved,  the  glass  plate  is  removed,  the  solution 
evaporated  to  dryness,  the  residue  moistened  with  2  cubic  centimetres 
(0*075  fluid  oz.)  of  nitric  acid,  and  the  same  quantity  of  hydrochloric 
acid,  and  left  for  about  one  hour.  Four  cubic  centimetres  (0*15  fluid 
oz.)  of  water  are  then  added,  and  the  solution  filtered.  The  filtrato 
and  wash-water  should  not  measure  more  than  from  5  to  20  cubic  cen- 
timetres (0-18  to  0*71  fluid  oz.). 

Not  less  than  2  cubic  centimetres  (  =  0*075  fluid  oz.)of  the  prepared 
solution  of  molybdate  of  ammonia  are  then  added  to  the  iron  solution 
for  every  0  *  00 1  grm.  (  =  0  *  0 1 5  gr. )  of  phosphorus  supposed  to  be  present 
in  the  iron  or  steel,  and  digested  for  three  hours,  with  occasional 
stirring  at  about  40°  C.  If  no  precipitate  be  formed  after  the  lapse  of 
one  hour,  more  solution  of  molybdate  of  ammonia  is  added.  The 
yellow  crystalline  precipitate  is  collected  on  a  weighed  filter,  washed 
with  water  containing  1%  of  nitric  acid,  and  dried  in  a  water-bath 
until  the  weight  remains  constant.  Tho  filtrate  should  afterwards  be 
tested  to  see  that  no  further  precipitate  is  produced  by  the  addition  of 
the  solution  of  molybdate  of  ammonia.  Tho  yellow  precipitate  con- 
tains 1  -63%  of  phosphorus.    Tf  the  amount  of  phosphorus  present  is 
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large,  a  less  quantity  of  iron  may  be  taken.  A  large  number  of  esti- 
mations has  been  made  in  Sweden  by  this  method  on  the  same  kind  of 
iron,  with  only  0'0\°/o  variation  in  the  amount  of  phosphorus  present. 
For  the  estimation  of  phosphorus  in  iron  ore  1  grm.  (15*432  grs.)  of  the 
finely  powdered  ore  is  heated  with  <»  cubic  centimetres  (  =  0*21  fluid oz.) 
of  nitric  acid,  and  the  same  quantity  of  hydrochloric  acid,  and  the 
process  conducted  as  before.  Sometimes  a  known  weight  of  the  ore  is 
treated  as  for  an  iron  assay,  and  the  phosphorus  estimated  iu  the  but- 
ton of  pig-iron  obtained. 

The  estimation  of  the  phosphorus  can  also  be  made  bv  measuring 
the  volume  of  the  yellow  precipitate  obtained.  The  precipitate  is 
brought  into  a  funnel-shaped  glass  tube,  compressed  with  a  steel  wire, 
measured  by  means  of  a  small  ivory  graduated  rule,  and  the  amount  of 
phosphorus  found  by  calculation.    The  yellow  salt  contains — 

MoIvImUc  arid    9!  "69 

Ph<*]»iu»rio  nHd   3  72 

Ammonia    3  4! 

Water   1  - 18 

100  00 


The  solution  of  molybdate  of  ammonia  employed  maybe  prepared 
by  calcining  finely  powdered  sulphide  of  molylnlennm  at  a  low  tempe- 
rature, with  occasional  stirring.  The  molybdic  acid  thus  formed  is 
dissolved  in  strong  ammonia,  the  insoluble  residue  separated  by  filtra- 
tion, the  filtrate  evaporated  to  dryness,  exposed  to  a  red  heat,  and 
stirred  until  the  dark  blue  colour  becomes  yellow  or  neaily  white 
when  cold  ;  it  usually  contains  a  little  B-phosphoric  acid,  and  must  be 
heated  with  nitric  acid  over  a  water-bath  for  three  or  four  days  in 
order  to  obtain  C-phosphoric  acid,  and  afterwards  evaporated  to  dry- 
ness. This  molybdic  acid  is  digested  in  a  closed  bottle  with  ammonia 
of  0*95  specific  gravity  at  lf>°  C.  Four  parts  by  weight  of  ammonia 
are  added  for  one  part  of  molybdic  acid,  the  solution  filtered,  and 
suddenly  added  to  15  parts  of  nitric  acid  of  1*20  specific  gravity,  at 
16°  C.  The  solution  is  commonly  of  a  yellow  colour,  a  small  quantity 
of  yellow  precipitate  is  soon  formed,  which  contains  ("-phosphoric  acid, 
and  the  solution  is  colourless.  One  cubic  centimetre  (  =  0-037  fluid  oz.) 
of  this  solution  contains  0*06  grm.  (  =  0*024  gr.)  of  molybdic  acid. 
Heated  during  0  hours  at  40"  C,  no  white  precipitate  of  molybdic  acid 
is  formed,  but  this  occurs  quickly  when  it  is  exposed  to  a  gi eater  beat, 
unless  more  nitric  acid  be  added. 

Testing  fob  SuLrHUit  in  1V;-ihon.    By  Professor  Eggertz. 

0-1  grm.  (=1  *f>43  gr.)  of  the  finely-divided  pig-iron  is  placed  in  a 
tubular  glass  bottle,  into  which  have  been  previously  poured  1  grm.  of 
water  and  0*5  grm.  or  15  drops  of  strong  sulphuric  acid.  A  small, 
oloan,  bright,  metallic  plate  is  suspended  in  the  upper  part  of  the 
interior  of  the  bottle  by  means  of  a  fine  silver  or  platinum  wire,  and 
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held  firmly  by  inserting  the  glass  stopper.  The  bottle  is  left  for  about 
1 5  minutes  at  the  ordinary  temperature,  and  the  metallic  plate  is  then 
removed. 

If  the  pig-iron  contain  sulphur,  the  metallic  plate  is  discoloured 
by  the  sulphuretted  hydrogen  gas  evolved  by  the  action  of  the 
sulphuric  acid  on  the  pig-iron,  the  colour  varying  according  to  the 
quantity  of  sulphur  present  from  straw-yellow  to  pinchbeck-brown, 
bluish-brown,  or  blue ;  or,  as  it  often  happens,  the  metallic  plate  is 
unequally  coloured,  one  colour  predominating :  for  example,  two-thirds 
of  the  surface  may  be  pinchbeck-brown,  and  one-third  bluish-brown. 
By  comparing  lhe  colour  of  the  metallic  plate  resulting  from  the 
experiment  with  a  scale  of  colouiu  obtained  by  experimenting  on 
pig-irons  containing  known  quantities  of  sulphur,  the  amount  of 
sulphur  present  in  the  pig-iron  is  found.  If  the  metallic  plate  is 
coloured  blue,  the  bar-iron  by  the  "frisch"  process  will  be  red-short ; 
but  if  the  colour  is  only  brown,  the  bar -iron  may  nevertheless  be 
red-short,  and  in  this  caso  the  red-shortness  will  depend  on  other 
matters  present  besides  sulphur. 

The  tubular  glass  bottle  used  is  about  0  in.  high,  and  1  in.  in 
diameter.  The  metallic  plate  is  alxmt  J  of  an  inch  long,  ,V  of  an 
inch  broad,  and  of  an  inch  thick,  with  a  small  hole  at  one  end.  It 
is  composed  of  75  parts  by  weight  of  silver  and  25  parts  of  copper,  or 
the  same  alloy  as  that  employed  for  the  Swedish  Kig.sdaler  (Rixdollar). 
For  use  it  is  cleaned  bright  by  means  of  a  piece  of  soft  leather  and 
fine  polishing  powder,  and  dried  between  clean  blotting  paper,  whereby 
all  contact  with  the  fingers  is  avoided.  This  method  of  testing  will 
generally  be  found  too  sensitive  for  English  irons,  which  contain  a 
much  larger  quantity  of  sulphur  than  the  Swedish. 

Regulub  obtained  in  smelting  Iron  ore  containing  Sulphate  of 
Baryta.    Note  by  Mr.  ft.  Smith. 

The  lustre  is  feebly  metallic,  fracture  granular,  colour  bronzy, 
dark-grey,  and  black  when  powdered.  It  becomes  oxidized  on  tho 
surface  by  exposure  to  tho  air.  Hydrochloric  acid  decomposes  it  with 
evolution  of  sulphuretted  hydrogen,  leaving  0-88%  of  insoluble 
residue,  consisting  of  sulphate  of  baryta.  It  was  found  to  contain 
43  -01%  of  iron  (which  is  equal  to  00  •  i  0  %  of  FeS),  1G  •  36  %  of  barium 
(which  is  equal  to  20-28  7,,  of  BaS),  with  small  quantities  of  calcium, 
magnesium,  potassium,  sodium,  manganese,  and  0*08  °/c  of  copper. 
Phosphorus  was  absent. 

SuLrHUR  in  Coke    Note  by  Dr.  David  S.  Price. 

The  following  are  estimations  of  sulphur  in  some  varieties  of 
coke  : — 

From  an  inspection  of  many  analyses  I  find  that  cokes  are  met 
with  containing  from  0-3  to  4-5%  of  sulphur,  and  from  3  to  20%  of 
ash,  although  I  know  of  only  two  varieties  that  contain  as  small  a 
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quantity  as  0*37o  of  sulphur— half  per  cent,  being  about  the  average 
amount  found  in  the  best  makes. 

When  at  the  Brymbo  Iron-works  some  time  since  1  had  an 
opportunity  of  seeing  Edwards's  coal-washing  machine  in  operation. 
The  slack  that  was  being  washed  was  exceedingly  M  dirty."  Mr.  Darby 
gave  me  a  sample  of  the  coke  made  from  it  after  washing.  This  I 
have  since  analysed,  and  find  it  to  contf.iu  sulphur  0-83, and  ash  4-4 
— a  result  that  must  be  considered  highly  satisfactory. 

Coke  made  from  "Wail"  and  44  Bench"  coal,  near  Ruabon,  con- 
tained of  sulphur  0*503%,  and  of  ash  5  •  7  \. 

Coke  from  44  Wall,"  44  Yard,"  and  *'  Bench  "  coal  washed — by  what 
machine  not  stated— at  Ruabon,  contained  of  sulphur  0*01  ,\,  and  of 
ash  8*5°/.  (this  would  be  from  a  slack  coal,  most  likely). 

Sample  of  best  Durham  coke  coutained  of  sulphur  0*82%.  and  of 
ash  5*47d. 

The  above  four  samples  are  44  oven-cokes." 

Sample  of  coke  made  by  the  Lilleshall  Iron  Company,  Shropshire, 
and  used  in  their  blast-furnaces,  contained  of  sulphur  0*5157.,  and  of 
Mh  6-870. 

Coke  from  Iron-works,  Aberdare  district,  S.  Wales,  contained  of 
sulphur  0*63 7C,  and  of  ash  3-70%. 
The  last  two  are  "  yard  cokes." 

• 

On  the  Mode  and  Cost  of  Making  Ikon  in  South  Walks  about 

the  tear  1750. 

For  the  following  interesting  historical  notice  I  am  indebted  to 
Mr.  Otavius  Morgan.  It  is  extracted  from  an  old  memorandum 
book  in  his  possession. 

An  Account  of  ma/ting  Cast  or  Pig  Iron  (ir*  are  the  same)  in  Great  lirttaw. 
and  more  particularly  in  Monmouthshire  and  lireconAire  :  in  a  Diakw? 
bet  iter  n  A.  and  li. 

"  .4.  Sir,  you  have  often  promis'd  me  to  give  me  an  account  of  the 
whole  process  of  making  of  Pig  Iron  in  Monmouthshire. 

M  li.  I  am  ready  to  answer  any  questions  you  shall  ask  ab'  that 
matter,  W*  method  in  my  opinion  will  be  the  best  and  easiest  of  in- 
forming you. 

t4  -4.  I  desire  to  know  first  then  of  what  Iron  is  made? 
44  B,  It  is  made  out  of  Myne  or  Iron  Oar. 

44  .4.  Where  and  in  what  sort  of  ground  is  this  sort  of  Oar  found  ? 

44  11.  It  is  generally  found  in  poor  wet  ground,  on  sides  of  II  ilk, 
and  often  lies  near  Coal. 

44  A.  llow  deep  does  it  usually  lye  under  the  ground? 

44  li.  We  seldome  dig  above  three  fathoms  or  eighteen  foot  deep  for 
it.  and  our  Miners  are  of  opinion  there  is  no  Quantity  deeper  under  the 
Earth  in  our  Country. 
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"  A.  Are  there  several  sorts  of  Oar? 

44  B.  Yes,  but  wo  generally  divide  thein  into  two  sorta :  the  one  wo 
call  Vein  Oar,  the  other  Pin  Oar. 

"A.  Do  these  two  sorts  lye  differently  in  the  ground  ? 

M  B.  Yes :  the  Vein  Myne  lies  like  a  Pavement  of  Brick,  and  is 
sometimes  two  Inches  thick,  and  from  two  to  Seven,  which  is  the 
thickest  we  have,  and  generally  lies  nearest  the  bottom  of  the  Pitt  or 
Trench. 

44  A.  ITow  does  the  Pin  Myne  lye? 

44  B.  That  lies  more  uncertain,  but  about  the  same  Depth;  but  lies  in 
lumps  or  parcells,  sometimes  a  Tun  or  half  a  Tun  in  a  Lump,  or  4  or 
5  hundred  in  some  parcells. 

44  A.  Is  there  any  difference  in  the  Colour  of  Oar  or  Myne  ? 

44  B.  Yes :  the  Vein  myne  is  generally  of  a  pale  yellowish  colour, 
but  the  Pin  myne  is  various,  as  a  deep  brown,  blewish,  and  sometimes 
of  a  yellow  colour. 

44  A.  Is  there  any  difference  in  the  Weight  or  richness? 

44  B.  The  Pin  myne  is  usually  the  weightiest  and  the  richest. 

44  A.  Pray  what  method  do  you  use  to  get  tho  Oar  out  of  the  ground  ? 

44  B.  We  have  two  ways :  the  one  by  digging  a  shaft  in  the  ground, 
as  is  done  for  Coal  or  Lead ;  tho  other  by  scouring. 

44  A.  What  do  you  mean  by  scouring  ? 

44  B.  That  ought  to  bo  explained,  because  I  think  we  are  the  only 
Country  that  get  Oar  that  way,  and  we  get  almost  all  we  use  in  that 
manner.  It  is  done  in  this  manner : — On  the  wash  or  enclosd  ground 
on  the  sides  of  the  Hills  whero  we  find  Oar  we  digg  a  Trench  about 
four  or  five  foot  wide  till  wo  come  down  to  the  Lowest  Vein,  about 
14  foot  deep,  and  in  that  Depth  is  usually  4  Veins  or  Layers  of  Oar. 
Then  we  make  small  ponds  to  hold  rain  Water,  or  any  that  comes  out 
of  Springs  above  the  Trench  that  is  cut ;  and  as  fast  as  the  Ponds  fill 
we  let  them  down  through  a  Floodgate  into  the  Trench,  which  carries 
away  all  the  ^Loose  Earth,  and  leaves  the  myne  behind  and  the  lowest 
Vein  bare.  Then  they  undermine  the  Banks  of  tho  Trench  on  both 
sides,  and  when  great  quantities  of  tho  Banks  aro  fallen  down  they 
let  down  tho  water  out  of  the  ponds  again,  which  washes  away  all  tho 
Earth  from  the  myne.  ) 

44  A.  What  quantity  of  myne  goes  to  make  a  Tun  of  Iron  ? 

44  About  three  Tun  of  Oar  will  produce  a  Tun  of  Iron,  of  Vein 
Oar,  but  less  of  Pin ;  but  being  mixed,  that  is  the  usual  quantity. 

44  A.  What  price  do  you  give  for  raising  a  Tun  of  Oar? 

44  B.  For  the  Vein  Myne  usually     Tun  0/.  1*.  Sd. 

44  A.  What  do  you  give  for  the  Carriage  of  it  to  the  Furnace  ? 

44  B.  We  give  from  3s.  to  7s.  y  Tun ;  so  put  it  as  a  medium  5s. 
carriage. 

44  A.  How  do  you  Carry  it? 

44  B.  On  Horses'  backs,  in  small  bags. 

"  A.  How  much  will  a  Horse  Cany  ? 

44  B.  Two  Hundred  and  a  Quarter. 
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44  A.  What  will  as  much  as  will  make  a  Tun  of  Iron  Cost  delivered 
at  the  Furnace? — N.B.  28  horse  Load  is  three  Tim. 

44  B.  Three  Tun  Raising  Costs  the  Carriage  of  3  Tun  will  cost  KV. 
44  .4.  Prav  do  vou  use  anything  else  besides  the  Oar? 

w  w  w 

44  B.  Yes:  we  use  Lime  Stone  a  tenth  part,  whA  will  Cost  at  the 
Furnace  as  much  as  will  make  a  Tun  of  Iron  Is.  3d. 

44 .4.  What  Fewel  do  you  use  to  melt  the  Oar  and  Limestone  ? 

44  B.  Charcoal  made  of  Wood  is  the  only  Fewel  we  use. 

44  ..4.  Prav  how  much  Charcoal  will  make  a  Tun  of  Iron  ? 

44  B.  We  use  now  a*  18  Sacks  (a  sack  is  a  horse  load),  and  bhoiid 
contain  eight  bushel  (a  measure  we  have  so  called  at  the  Furnace) :  two 
of  these  sacks  go  to  burn  or  Calcine  the  mine  before  tis  us'd  in  the 
Furnace,  but  in  most  places  they  use  more. 

44  .4.  Pray  what  is  the  Charge  of  such  a  quantity  of  Charcoal? 

44  B.  I  will  inform  you  in  as  plain  a  method  as  I  can  from  the  begin' 
to  the  end  of  the  vaM  charge.  We  buy  our  Wood  by  the  short  Cord, 
and  a  Cord  w*  us  Contain!  9  foot  long,  4  foot  6  Inches  high,  and 
2  foot  2  inches  in  the  billet  (but  in  other  Countys  it  is  a**  an  8,h  part 
less).  Now  for  the  price  at  this  time,  it  is  at  3s.  6d.  y>  Cord,  and  four 
Cord  will  make  a  load  of  Coal,  whA  is  twelve  sacks  so  much ;  14  shillings: 
besides  we  pay  for  the  Cutting. 

44  A.  Pray  what  does  the  Cutting  Cost? 

44  /;.  We  Cut  by  the  short  Cord  at  If.  6</.  ?  Cord;  so  Cutting  as 
much  wood  as  will  make  a  load  of  Coal  will  cost  6a.  There  is  another 
Charge,  which  is  Cording  the  wood,  or  laying  it  up  in  close  ranks. 

44 .4.  What  does  that  Cost  ? 

44  B.  A*  3d  y  Cord,  w*  makes  1  shilling. 

44  .4.  Pray  what  is  the  next  charge  ? 

44  B.  It  is  Coaling  the  wood,  or  converting  it  into  Charcoal,  wrt  is 
done  by  colliers,  who  cover  the  wood  wlh  Turf  and  Earth,  and  then 
fire  it  underneath ;  and  there  it  lies  smothering  for  au  12  days,  and 
then  becomes  Charcoal. 

44  A.  Pray  what  price  have  the  Colliers  ? 

44  B.  The  general  price  is  4«.  a  Load,  or  twelve  sacks ;  but  there  are 
Hurdles  made  of  boughs  and  sacks,  <fec.  come  to  1  shilling  more,  so  in 
all  h».  |*  Load. 

44  .4.  What's  the  next  Charge  ? 

44  B.  Carrying  the  Coal  to  the  Furnace.  We  carry  a  great  way  of 
late,  w*  makes  that  charge  very  uncertain,  from  1  mile  to  15;  so  put 
it  at  a  medium  at  8.s.  ^  Load. 

44  The  expence  total  for  Charcoal  is  as  follows  by  adding  the  charge 
together : — 


For  4  Cord  of  Wood   0  14  0 

For  Cutting    0   6  0 

For  Cording   0    1  0 

For  Coaling    0   5  0 

For  Curringe   0    8  0 


Total    1  14  0 
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"  A.  I  desire  to  know  what  further  Charge  you  are  at. 

"  B.  The  next  charge  is  the  YVorkmens  Wages,  and  I  take  the  best 
way  of  reckoning,  that  is  by  the  Tuns  of  Iron  made.  I  believe  w*  the 
Clerks,  Stocktakers,  Mine  breakers  Included,  we  may  reckon  it  at 
f>«.  ^  Tun. 

44  A.  Is  there  no  charge  for  Repaires  ? 

44  B.  Yes :  that  is  called  Incidents,  as  making  a  new  hearth,  Leather- 
ing the  Bellows,  and  new  Wheels,  etc. 

44  A.  Pray  how  do  you  Computo  that  charge  ? 

44  B.  The  way  of  doing  that  is  by  the  Quantity  of  Iron  usually  made 
at  the  Work.  Wo  make  800  or  more  in  two  year,  Lying  by  one  year 
to  get  Stock  together,  and  make  800  Tun  as  a  Blast  the  next  year,  w** 
at  2s.  ^  Tun  makes  80/.,  and  that  will  pay  all  Incidents. 

44  A.  I  suppose  this  is  all  the  Charge. 

44  B.  There  is  still  another,  is  Rent  of  Wrork,  the  Interest  of 
Stock.  The  Furnace  is  worth  50/.  ^  annum,  and  required  3000/.  Stock, 
the  Interest  of  w*h  for  two  year  and  rent  of  the  Furnace  is  400/.,  wob 
will  amount  in  eight  hundred  to  10s.  ^  Tun. 

44  A.  If  this  is  all,  I  desire  to  know  the  Sum  Total. 

44  B. 

£.   t.  d. 


Imprimis  the  Myne   1    1  3 

Limestone   0    1  3 

The  Charcoal   2  10  0 

Workmen  and  Clerk  a  Wages   0    5  0 

Incidents,  as  hearths  and  bellows   0    2  6 

Rent  of  y«  Work,  Interest  of  8tock    0  10  0 


Total    4  10  0 


44  I  think  this  estimate  is  too  high. 

44  A.  I  have  but  one  Question  more  to  ask :  what  is  a  Tun  of  Iron 
worth  ? 

44  B.  At  this  time  tis  worth  67.  10s. 
44  A.  How  much  do  you  make  a  Week  ? 

4t  B.  At  a  Medium  24  Tun,  but  at  this  time  something  more." 

Dimensions  of  Bellows. — For  Finery  6  ft.  10  in.  long,  width  2  ft.  5  in., 
tapered  to  10  in.  and  4  in.  thick.  For  Chafery  9  ft.  9  in.  long,  width 
2  ft.  10  in.,  tapered  to  VI  in.  and  5  in.  thick. 

Cast-iron  Columns  and  Girders  in  Fires. 

In  the  construction  of  the  German  Bazaar,  Langham  Place,  which 
was  burnt  down  last  year,  columns  and  girders  of  cast-iron  had  been 
employed ,  and  of  these  many  were  singularly  bent  and  distorted  by 
the  effect  of  the  conflagration.  The  girders  wore  18  ft.  long  and  13  in. 
deep  in  the  middle,  tapering  off  slightly  towards  each  end,  and  flanged, 
as  usual,  at  the  bottom.  Several  had  fallen  to  the  ground,  of  which 
only  a  few  were  broken  ;  and  of  those  which  remained  entire,  two  wore 
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bent  laterally  in  a  striking  and  nearly  equal  degree.  The  flexure  was 
gradual  from  end  to  end.  The  deviation  from  a  straight  line  at  the 
ends  was  22  in.  No  cracks  were  anywhere  visible.  Many  of  the  cast- 
iron  columns,  which  remained  upright,  wore  curiously  twisted  at  the 
upper  part,  as  though  the  metal  there  had  been  softened  by  heat,  and 
yielded  without  cracking  to  the  superincumbent  pressure. 
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Balloon  ascent  of  M.  Delcourt,  5-9. 
Balls,  effect  of  phosphorus  on,  658. 

 •  in  mechanical  puddling,  672. 

— ,  puddled,  stamping  and  assorting,  688. 
Baldwin,  M.,  iuventor  of  round  oven,  4 13. 
Balestier  on  mending  Chinese  ca»t-iron  ves- 
sels, 748. 

Baiacaldo,  Chenot's  process  at,  339,  341. 
Barber's  Field  Iron  Co.  (Bilston),  round  box- 
foot  oven  at,  416. 


BERTH  I ER. 

Bar-iron,  effect  of  heat  on  crystalline  struc- 
ture of,  ft. 

Box-iron,  carburixation  of,  768. 

  (Dannemora),  by  Walloon  fiuery  pro- 
cess, 599. 

Barium  alloyed  with  iron,  196. 

Barruel  on  electro-deposited  iron  without 
rust,  2* 

Bars,    stumps  "  for  making,  58JL 

 ,  puddled,  composition  of,  7Ji9;  working 

into  merchant  iron,  712. 

 ,  steel,  strength  of,  8684  870. 

 ,  wrought^  ron,  strength  of,  868. 

Barreswill  on  sulphate  of  iron,  4  >. 
Baryta,  ferrate  of,  2JL 

 and  charcoal  with  protosulphide  of  iron, 

3_L 

 ,  sulphate  of,  regulus  from  iron-ore  con- 
taining, 895. 

Baths,  metallic,  for  working  cutlets,  854. 

Bauernolen,  iron-smelting  in  the,  320. 

Bavaria,  puddled  steel  manufacture  in,  791. 

Beale  and  Co.'s  armour-plates,  739.  741. 

Beam-irou,  strength  of,  869. 

Beckmann  on  carburixation  of  bar-iron,  768. 

Bed  of  puddling-furoace,  limestone  for  sides 
of,  669. 

Beddoes,  Dr.,  on  puddling,  654. 

 ,  on  jwrmauent  expansion  of  cast-iron, 

872. 

Belfast  aluminous  ore,  516. 

Belgian  retined  iron,  puddled  steel  from,  792. 

 sheet  ironr  730. 

Belgium,  earthy  brown  harnatite  in,  2'  >  1 . 

 ,  cliarcoal  finery  process  in,  6112. 

Bell,  L  L.,  on  charge  at  Clarence  Iron-works, 
558. 

Bellows  in  Indian  furnaces,  25JL 
Bells  of  cast-iron  and  tin,  16JL 

 ,  cast-steel,  puddled  *teel  used  for,  793. 

Bengal  Presidency,  iron-smelting  in,  268. 
Bergmonn  on  diarsenide  of  iron,  74. 
Bergmann  s  metal,  Siderum,  65. 
Bernard  on  poison  of  carbonic  oxide,  530. 
Berneau,  quadriferric  phosphate  at,  71. 
Bernouilli's  alloys  of  iron  and  tungsten, 

 table  of  carbon  in  iron, 

Berrybeod,  near  Brixham,  red  ore  at,  200. 

Berthier  on  sesquioxide  of  iron,  LL 

 on  protosulphide  of  iron  heated  with 

sulphate  of  protoxide  of  iron,  36;  with 
protoxide  of  lead,  36 ;  with  soda,  36 ; 
with  other  metallic  sulphides,  21 ;  with 
alkaline  silicates,  39j  with  silicates  of 
manganese, 

 on  bisulphide  of  iron  heated  with  prot- 

oxide  of  lead,  _LL 

 on  phosphide  of  iron,  62^ 

 on  diarsenide  of  iron,  24, 

 on  cannon-balls  from  Algiers,  TL. 

■       on  carbide  of  iron,  121. 

I  on  action  of  pyrites  on  iron,  13JL 

 on  alloys  of  iron  with  zinc,  154 ;  tin, 

160  ;  antimony,  1111;  nickel,  111  ;  cobalt, 
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BERTH  I ER. 

17H  ;  chromium,  185 ;  tungsten  and  man- 
ganese, 189;  molybdenum,  195. 
Berthier  on  carbonate  of  potash  in  furnace, 

452. 

 quoted  by  Ebclmen,  400. 

— —  on  utilization  of  waste  gas,  463. 

 on  slags  from  Sjogren  and  Vienville,  503. 

 ■  on  phosphoric  acid  in  blast-furnace  slag, 

512. 

Beilhollet  on  iron  and  nitrogen,  50. 
Berzelius,  his  preparation  of  pure  iron,  1. 
— —  on  specific  gravity  of  iron,  L 

 on  iron  scale,  2JL 

 on  ammonia  in  iron  rust,  22. 

 on  seaquisulphide  of  iron,  3JL 

 on  iron-pyrites,  41 ;  magnetic  pyrites, 

42* 

 on  oxysulphide  of  iron,  43. 

■  on  sulphates  of  iron,  46.  47,  48. 
— —  on  phosphide  of  iron,  22*. 

 on  tribasic  phosphate  of  protoxide  of 

iion,  OJL 

 on  subphoRphnto  of  ferric  oxide,  70; 

sesquiferric  phosphate,  71  ;  quadriferric 
phosphate,  7_L 

 on  arsenite  of  protoxide  of  iron,  21; 

arscniatc,  7_8_ ;  arseniate  of  sesquioxide,  7JL 

 on  silicon,  gO, 

 on  silicide  of  iron,  95. 

 on  carbon  in  iron,  120,  122. 

  on  guns  from  Cailjcrona,  146. 

 nil  lion  with  molybdenum,  195 ;  tan- 
talum, 195  ;  calcium,  197  ;  magnesium, 
197. 

 on  volatilization  of  silica,  509. 

Bessemer  on  puddling,  819. 

— —  iron,  4.  ;  welding,  Z, 

Bessemer- process,  (irntcnu  on,  340,  787. 

 intents,  &c,  810-824. 

 crucibles  iim-I  in,  813. 

 •,  its  employment  by  Fremy,  819. 

 contrasted  with  Parry's,  a2JL 

Biarsenide  of  iron,  75. 
Bichromate  of  potash  assay,  246. 
Bieber,  near  Hanau,  spathic  ore  at,  202. 
Biewend's  alloy  from  lead  and  iron  slag,  169. 
Big  iron-ore  bed  of  Marmora,  198. 
Binks's  steel  process,  SQ2. 
Biringuccio  on  steel- making,  807. 
Birmingham,  nail-making  in,  14. 

,  use  of  malleable  cast-iron  in,  805. 
Bischof  on  phosphate  of  protoxide  of  iron,  iliL 

 ,  puddled  steel  made  by,  791. 

Bismara,  Prof.,  his  process  for  steel,  773. 
Bismuth  alloyed  with  iron,  170. 
Bispberg  (Sweden)  iron-mines,  374. 
Bisulphide  of  iron  or  iron-pyrites,  40  ;  with 
protoxide  of  lead,  42* 

 roasted  with  access  of  air,  50. 

Black -band  ironstone,  203. 
Black-brown  cinder  from  Dowlais,  49i>. 
"  Black  plate,"  7j  726. 
Black  slag,  505. 

BlaokwtU,  ILj  on  Indian  irou-tmclting,  255r 
208-270. 


BLAST-FURXACES. 

Black  well,  J.  K„  on  furnace  yield,  555. 
 ,  on  blast-furnace  at  Corngreaves,  350, 

358.  360. 

 ,  his  double  syphon-pipe  oven,  4o4. 

 ,  his  blast-furnace  with  circular  health, 

480. 

 ,  on  construction  of  blast-furnace,  433. 

 ,  on  tin  plate  process  at  Pontypool,  22a. 

 1  S.       on  cold  hammering  of  iron,  lii, 

on  converting  grey  iron  into  white, 


iron  ores  presented  by,  to  Museum  of 
Practical  Geology,  204. 
— ,   blast-furnace  at  Russell's  Hall  de- 


signed by,  361. 
-,  on  effect  of  taking  off  gas  on  working 


the  furnace,  473. 
-,  on  blast-furnace  explosions,  52L 
— — ,  on  furnace  charge,  554. 

 ,  on  furnace  for  utilising  slack, 

 ,  on  yields  of  iron  in  South  Staffordshire, 

721. 

 ,  on  smelting  tap-cinder,  743. 

Blaenaron  Iron-works,  furnace  charge,  SSL 

 ,  utilizing  waste  heat  at,  690. 

Blaina  Iron-works,  magnetic  oxide  from,  2lL, 

-  ,  cannon-ball  from,  ZiL 

 ,  gas  oven  at,  408. 

 ,  use  of  waste  gas  at,  410. 

 ,  water  twyer  at,  ±22, 

 ,  cup  and  cone  used  at,  471. 

 -,  retineiies  at,  £24. 

,  pudd ling-furnace  at,  650. 

 ,  puddling- furnace  for  utilizing  wwtf 

heat  at,  690. 
-,  reversing  rolls  at,  709. 


Blanford,  1L  K.,  on  iron-smelting  in  India, 

257  ;  at  Orissa,  26_L 
 .  W.  T.,  on  iron-smelting  in  Burns*, 

27JL 

Blascofen,  iron  smelting  in  the,  320. 

Blast  in  Swedish  furnace,  pressure  and  tem- 
perature of,  3Zi£. 

 ,  variations  of,  in  F  ranch  e-Comte  iatn 

process,  606. 

 ,  under  grate  with  closed  and  open  ash- 
pit, fifli 

Blast  apparatus  for  furnaces,  385;  priwipla 
applicable  to,  29J  ;  apparatus  for  heating 
blast,  399. 
Blast-furnace  charges.    See  Charges. 

 cinder  used  in  assaying,  23JL 

 coke,  the  first  on  the  Continent,  iifii 

Blast-furnace  gases,  cyanogen  in,  44i). 

 ,  remedies  lor  poison  from,  2&sz 

— —  (waste),  applied  to  puddling,  iili 

 Blags.    See  Slags. 

Blast-furnaces Sefstrdm**,  237  ;  DevuV*, 
237. 

—  at  Corngreaves,  350^  360j  Russell* 
Hall,  361;  Clarence  Iron-works  3«j 
Ebbw  Vale,       ;  Sten  (Sweden), 

 ,  fire-brick  recommended  for,  358. 

 ,  cost  of  construction,  360. 

 ,  the  hot-blast,  3J&;  apparatus  for,3W. 
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BLA8T-FLRNACES. 

Blast-furnaces  (Swedish :,  saving  of  fuel  at,  by 
hot-blast,  421. 

— — — ,  gases  of,  430. 

 >  zones  of  specific  action  in,  430. 

 ,  cyanogen  in,  447. 

 ,  temperature  of,  453* 

 ,  change  of  materials  in  descent,  457. 

 ,  utilization  of  gas  from,  4G2  ;  of  am- 
monia, 474. 

 ,  the  best  form  of,  475 ;  cylindrical  form, 

470 ;  with  circular  hearth,  480 ;  con- 
sumption of  fuel  affected  by  form  of,  181 ; 
elliptical,  489  ;  circular,  490  ;  rectangular, 
or  Kachette,  490. 

,  size  of  materia]  for  charging,  483. 

 ,  ascent  of  gaseous  current  from,  485. 

 ,  hearth  in,  4S8  ;  mouth,  489. 

  and  working,  4JU  ;  blowing-in,  491  ; 

labour  in  management,  4'.'2  ;  tapping,  49-' ; 
flame,  492 ;  sand-bed  for  casting,  4'.'  2 ;  de- 
rangements in  working,  scaffolding,  and 
slips,  494 ;  indications  by  slags,  490. 

 ,  miscellaneous  products  of,  507  ;  silica, 

507  ;  garnet,  5u9  ;  furnace  cadmia,  510 ; 
cyano-nitride  of  titanium,  510 ;  graphite 
or  kish,  511 ;  colour  of  flame,  511. 

 -,  reduction  of  phosphoric  acid  in,  512. 

 ,  explosions  hi,  521. 

 ,  poisoning  by  gas  from,  5_2iL 

 ,  charges  and  yields  of,  5_5_2* 

 ,  drawings  of,  &5JL 

 of  Prussia,  504. 

Blauofen,  iron-smelting  in  the,  32iL 

Bleekrodeon  Borneo  iron-smelting  furnace,  274_, 

«  Blister-steel,"  112 ;  riles  made  from,  8Jifi ; 
weidable  cn>t-stetl  from,  840. 

Bloom,  definition  of,  254. 

Blooineries,  ancient  furnaces  so  called,  254. 

Bloom  field  Iron-works,  tap-cinder  from,  609. 

Blooming  apparatus  at  Dowlais  Mill,  763. 

Blooms,  merchant  bars  drawn  from,  by 
Swedish  forge,  594. 

 ,  working  by  squeezing  and  hammering, 

704. 

 ,  wood-ashes  not  used  in  welding,  83JL 

Blowing-in  of  blast-furnace,  491. 
Blowing  machines,  3b5,  889. 
Blue-metal,  120. 
— —  slag,  505. 
Boat-plates,  7_3_8» 

Boeing  and  Co.'s  rolled  puddled  steel,  792. 

Bog-iron  ore,  201 ;  Swedish,  323,  3_7JL 

 worked  in  Prussia,  56JL 

Bohemian  finery  process,  615. 

44  Bohmische  Anlaufschmiede,"  615. 

44  Boiled  bar"  from  Dowlais,  709. 

Boiler-plates,  strength  of,  871. 

Boilers  over  puddling-furnaces,  690. 

44  Boiling  process,"  665-669. 

Bolckow  and  Vaughau's  Iron- works,  blast- 
furnaces at,  491. 

Bones,  with  crystals  of  Vivianite,  fifL 

Booth,  Dr.,  on  Mr.  Cort's  claims,  631. 

Boracic  acid  and  protoxide  of  iron,  101  j 
and  scsquioxidc,  101. 


BBOUOHAM. 

Borates,  alkaline,  with  protosulphide  of  iron, 

59. 

  of  manganese,  with  protosulphide  of 

iron,  39, 

Borax,  its  use  in  uniting  wrought-iron  and 

.steel,  859. 
Borax-glass  used  in  assaying,  239. 
Borneo,  iron-smelting  in,  2Z3. 
Boron  and  iron,  Uil  ;  boracic  acid  and  prot- 
oxide of  iron,  liU  ;  and  sesquioxide,  101. 
Bosworth's  definition  of  44  bloma,"  254. 
Bosc-d' Antic  on  alloying  zinc  and  iron,  1 53. 
Bottger's  alloy  of  iron  and  mercury,  174. 
Bottle-glass  as  a  flux  in  melting  steel,  839. 
Bouis  on  nitrogen  in  iron  and  steel,  .V>. 
Boullet's  steel  process,  801. 
11  Bourguignonne "  fining  process  compared 

with    ,4  Champenoise "  and    *'  Franche- 

Cnmtri  *'  metho>ls,  610. 
Boussingault  on  nitrogen  in  iron,  56. 
Bowling  Iron  Co.,  iron  made  by,  732. 
Box-foot  pipe  oven,  404. 
Box,  G.,  first  slitting-mill  erected  by,  732. 
Bradbury,  H^his  system  of  acierage,  2± 
Bradley,  Barrows,  and  Hall's  tnbasic  silicate 

of  protoxide  of  iron,  100. 
Brandenburg  (Prussia),  blast-furnaces  in,  569. 
Brass,  white,  1&9. ;  Duffryn,  203 ;  aucicnt 

British,  877. 
Brau n.s  on  puddled  steel,  799. 
Breant  on  steel-making,  791. 
Bredelar  (Prussia)  Iron- works,  574. 
j  Brendon  Hills,  spathic  ore  in  the,  2Q2* 
Brescian  steel,  152;  by  Carinthiau  process, 

789,  7.20. 
Bricks  of  powdered  iron-ores,  566. 
— — ,  fire,  in  puddling-furnace,  647. 
i  Bristol,  brown  haematite  at,  200. 
British  Association,  Mr.  Bessemer's  paper  at, 

815, 

j   iron-ores,  204. 

 mcrchnnt-iron,  prices  of,  142. 

Briton  ferry  Iron-works,  method  of  puddling 
at,  685. 

Britons,  ancient,  their  use  of  iron,  876. 
Brittleness  in  alloys  caused  by  vibration,  1 1 . 
Brix  on  permanent  expansion  of  cast-iron, 

872, 

,  Bromberg  (Prussia),  blast-furnnces  in,  509. 
Bromeis  on  spiegeleisen,  1 19 ;  carbon  in  iron, 

123  ;  cyanogen  in  furnace, 
Broling  on  specific  gravity  of  iron,  L. 
Bromford  Iron-works,  refinery  at,  821  ;  iron 

from,  626 ;  Blag  from,  627. 
 ,  puddling  at,  640,  654;  utilizing  wa*te 

heat,  690. 

 ,  tap-cinder  fiom,  668. 

 ,  crocodile  squeezers  used  at,  703  ; 

horizontal  rotary  squeezers,  706. 
— — ,  re-heating  furnace  at,  71 
Bronze,  Age  of,  873. 

 ■  of  ancient  Britain,  877. 

Brooman  s  steel  process,  8Ul. 

Brougham,  Lord,  on  Heath's  steel-casting 

patent,  841. 
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BROWM. 

Brown  and  Co.'*  rolled  armour-plates,  739. 

 and  Lenox's  malleable  cast-iron,  8".r>. 

 ,       his  manufacture  of  cast -steel,  806. 

 ,  J.,  his  shingling  machine,  706. 

Brown  hcmat.te.    See  Haematite. 

 iron-ore,  200 ;  for  puddling  steel,  799. 

 smoke  from  puddling-furnaoe,  loss  br, 

666. 

lirunner  on  manganese  and  silicon,  90. 
llrymbo  Iron-works,  coke  from,  896. 
Buchanan,  Dr.,  on  Hindoo  steel-making,  773. 
Buckfastleigh,  Devonshire,  micaceous  ore  at, 

200. 

Budd  on  hot-blast  patent,  39JL 

— —  first  utilized  waste  gas,  462;  his  patent, 

466 ;  method  of  taking  off  gas,  4<»3. 

 on  use  of  anthiacite,  495. 

Buff  on  nitrogenixed  iron,  52 ;  passivity  of 

iron,  SO. ;  silicon,  82-8'J. 

M  Bull-dog,"  loo, 

— — ,  Hall's  claim  to  invention  of,  671. 

 ,  converting  tap-cinder  into,  743. 

Bunsen  on  solution  of  protosulphide  of  iron, 
32. 

 on  blast-furnace  gases,  430. 

  and  Plavfair  on  blast-furnace  gases, 

433,  434,  442.  44 '» ;  cyanogen  in,  JJjv 

 on  cyanogen  and  cyanide  of  potas- 
sium in  furnace,  448-452. 

— — — — -  on  ammonia  from  blast-furnace, 

Bunsen  cell,  increased  tenacity  of  iron  by  cur- 
rent of,  5s 

Btn-gbmhl,  on  the  Laacher  See,  spathic  ore 

at,  202, 
Burma,  ii on-smelting  in,  270. 
Burns,  U.,  on  iron-smelting  in  Borneo,  274, 

215, 

Burnt  iron,"  fL 
Bur-ore  in  Sm&land,  322. 
Burwash  Church,  Sussex,  cast-iron  slab  in, 

BZfi» 

Butler,  Mr.,  his  use  of  Cort's  grooved  rolls, 
634. 

«  Buwing,"  fi£L 

C. 

('milk-iron,  use  of  salted  coke  for  making, 
626. 

Cad m ia,  furnace,  MO. 
Qamr  on  iron  In  Britain,  877. 
Cailletet  on  iron  and  mercury,  174. 
Cake,  steel  in  form  of,  779. 

 ore  in  Smaland,  3  2 2. 

Calama  (Bolivia),  neutral  tersulphnte  of  iron 
at,  46. 

Calamine  or  furnace-cadmia,  510. 
Calcination  in  Swedish  iron-smelting,  374. 
CaJctum  alloyed  with  iron,  197. 
 ,  fluoride  of,  action  on  iron  and  phos- 
phorus, 67. 

Calder  Iron-works  raw  coal  used  for  coke  at, 
liflfi ;  syphon-pipe  oven,  40-2. 


CARBON. 

Callon  on  Chenot's  process,  343. 
Calvert  on  action  of  acids  on  grey  cast-iron, 
146. 

 ,  on  sulphur,  kc.  in  iron,  862. 

 ,  on  chloride  of  sodium  in  iron  manu- 
facture, 520. 

Calvert  and  Johnson,  on  alloy  of  iron  with 
aluminium,  181 ;  with  potassium,  196. 

,  on  change*  of  pig-iron  in  pud- 
dling, 660,  661. 

Campbell,  CapL,  oo  Indian  iron-smelting, 
255.  266, 

 •,  J.,  on  water  twyer.  428. 

Canara,  North,  iron-smelting  in,  267. 

Canadian  maguetic  iron  ore,  198. 

Cannon,  pig-iron  for,  run  direct  into  moulds, 
553. 

Cannon-balls  from  Sinopc,  76  ;  Algiers,  77; 

Falmouth,  146. 
Cannons,  the  first  cast-iron,  879. 
Carbides  of  iron,  121. 
Carbon,  welding  iron  free  from,  fL 
— ,  protosulphide  of  iron  heated  with,  34. 
 and  silica,  with  protosulphide  of  iron, 

38, 

 •,  action  of,  on  iron  and  phosphorus,  67. 

— —  and  phosphate  of  lime,  action  of  iron  on, 

7J  ;  with  free  silica,  73. 
— ,  reduction  of  silica  by,  in  presence  of 

oxide  of  iron,  92. 

,  silicate  of  protoxide  of  iron  reduced 

bv,  98_ 

— -  the  most  important  compound  of  iron. 
102. 

 and  iron,  102  ;  mode  of  effecting  com- 
bination, 102  ;  action  of  silicon  on,  130;  of 
sulphur,  131. 

 in  wrought-iron,  steel,  and  cast-iron, 

102. 

 ,  solid,  action  of,  upon  iron,  105;  io  at- 
mosphere of  carbonic  oxide,  106  ;  of  hydro- 
gen, 106. 

 in  iron,  amount  of,  Lil ;  in  pure  mm, 

113. 

 '»  graphitic,  in  iron,  1  l:M43. 

 -,  iron,  and  manganese,  115. 

 in  iron,  modes  of  existence  of,  116. 

 in  steel  affected  by  hammering,  118. 

 in  iron,  chemical  combination  of,  118; 

affected  by  temperature,  \2& ;  table  of, 

192. 

 and  sulphur  with  iron,  action  of  phos- 
phorus on,  137. 

 ,  its  separation  by  action  of  silica  on 

spiegeleiseu,  139. 

 ,  action  of  copper  on  iron  and  mangane* 

with,  14JL 

 ,  removing  from  pig-iron  by  fining,  579 ; 

by  puddling,  658. 

 ,  increase  of,  in  pig-iron,  during  pad- 
dling, 66JL 

 ,  rarburizntkm  bv  gaseous  compounds 

of,  TLL 

 added  to  malleable  iron  for  producing 

steel,  7JLL 
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CARBON. 

Caibon,  combined,  in  iron  and  steel,  determin- 
ing, 891 ;  by  colouration-test,  892* 

Carbonaceous  matter,  carbuiization  by  fusing 
compact  iron  with,  773. 

Carbonate  of  potash,  with  protosulphide  of 
iron,  30;  in  blast-furnace,  4 ."».'. 

 of  protoxide  of  iron,  14J ;  of  sesqui- 

oxide,  LLL 

 of  iron,  crystallized,  201  ;  earthy,  202* 

 ,  spathic,  201* 

Carbonic  oxide,  its  action  upon  iron,  105* 
 — ,  action  of  carbon  upon  iron  in  at- 
mosphere of,  100. 

and  hydrogen,  balloon  filled  with, 


529. 


-,  its  poisonous  nature,  523* 


Carbonization  of  wood  in  blast-furnace,  457. 
Carburet  of  manganese  in  casting  steel,  840. 
Carburets  of  iron,  111. 
Caiburization  of  iron  by  cementation,  litk  ; 

as  a  distinct  process,  7j&* 
 of  pulrerulent  iron,  766  ;  of  bar-iron, 

78ft. 

 by  gaseous  compounds  of  carbon,  773 ; 

by  fusing  compact  iron  with  carbonaceous 
matte*,  77:1 

 ,  expansion  of  steel  by  hardening  pro- 
portionate to,  8."j". 

Carburized  irou,  807  ;  gases  in,  818. 

Cnrinthia,  puddling  with  dried  wood  in,  680. 
,  desulphurizing  pig-iron  by  litharge  in, 
112* 

 — ,  puddled  steel  manufacture  in,  791. 

Carinthiau  finery  process,  61  1  ;  raw-steel 

process,  786. 
Car  i  us,  L.,  on  iron  and  hydrogen,  143. 
Carlscrona,  guns  from,  140. 
Caraall  on  aystals  in  mottled  cast-iron,  121. 
Carou  on  carbon  in  steel,  117,  118. 

•  on  Beithier's  carbide  of  iroo,  122. 

 on  cast-iron  desulphurized  by  manga- 
nese, 136. 

 on  silicon  from  cast-iron,  140* 

  on  cast-irons  with  sulphur  and  phos- 
phorus, and  manganese,  141. 

 on  alloy  of  iron  and  tin,  160- 

  on  phosphorus  from  pig-iron,  516. 

on  effect  of  hardening  upon  steel,  849. 


850. 

  on  liquids  for  tempering  steel,  852. 

Canon  Iron-works,  first  blowing  cylinders  at, 
889* 

Case-hardening,  nitrogenous  matters  in,  £Q; 

by  arsenic,  79. 
Cast  cutlery,  Lucas's,  805. 
Casting,  rand-bed  for,  493. 

 steel,  828  ;  manganese  in,  840. 

■  ■  on  wrought-iron,  859* 

Cast-iron,  nitrogen  in,  5^  55;  carbon,  102. 

 ,  qualities  of,  102. 

 ,  grey  and  white,  112.  116, 143,  144; 

specular,  118;  mottled,  124. 
 ,  silicon  in,  130  ;  silicon  abstracted  from, 

140. 

— — ,  action  of  sulphur  on,  131. 


CHANDOHUK. 

Cast-iron,  phosphorus  from,  by  manganese, 
13'J. 

 with  sulphur  and  phosphorus,  and  man- 
ganese, 141 . 

and  sulphur  with  ca*t-iron  and  phos- 


phorus and  manganese,  141. 
 ,  action  of  sulphuric  or  hydrochloric  acid 

on,  14J  ;  acetic  acid,  140. 

 -,  cupriferous,  in  copper-smelting,  153* 

 -,  unoxidizable,  159. 

 ,  alloyed  with  tin,  161. 162. 

 and  tin  bells,  102. 

 ,  action  of  tin  on,  10;t. 

 ,  titanium  in,  Ui5* 

 ,  platinifcrous,  of  Savoy,  180. 

 ,  effect  of  adding  alumina  to,  185. 

— — ,  indirect  extraction  of,  .>4'J. 

 tubular  oven,  401. 

 ,  production  of  malleable  iron  from,  579. 

 ■  utensils,  Chinese  method  of  mending, 

7_±7_* 

 ,  partial  decarburixation  of,  for  making 

steel,  778. 
 ,  malleable,  805. 

 ,  molten,  immersion  of  malleable  irou  in, 

8fi7. 

 ,  mechanical  resistance  of,  85 1 ,  804. 

 ,  strength  of,  after  repeated  meltings, 

868. 

 ,  permanent  expansion  of,  by  heat,  8  7  J  ; 

dilatation  by  heat,  873. 

 ,  early  use  of,  878^  819* 

columns  and  girders  in  tires,  899. 


Cast-steel,  tungsten  in,  J  ILL 

 for  making  rails,  122* 

 ,  direct  production  of,  764. 

 bells,  puddled  steel  used  for,  7i):i. 

 from  refined  pig-iron,  806. 

 gun  ( Krupp's),  837. 

 ,  weldable,  made  from  blister-steel,  840. 

 ,  action  of  manganese  upon,  846. 

Catalan  forge,  218* 

 process  of  iron-smelting,  278  ;  compo- 
sition of  ore,  280  ;  furnace,  282  ;  twyer, 
285 ;  trompe,  285 ;  hammer  and  anvil, 
292 ;  personal  establishment,  291 ;  conduct 
of  process,  294  ;  theory,  299 ;  quality  of 
iron  produced,  307 ;  commercial  details, 
310  ;  improvements  in  process,  312* 

 for  making  steel,  764. 

Cementation,  103. ;  carburization  of  iron  by, 
104. 

 ,  failure  to  alloy  steel  and  silver  by, 

177. 

— — ,  gas  used  for  making  steel  by,  463. 

fiai-tial  decarburization  of  pig-iron  by, 


804. 

Centrifugal  method  of  granulating  metals, 
803* 

Chafery  for  re-heating,  590. 

"  Champenoise  "  fining  process  compared  with 

44  Bourguignonne  "  and  44  Franche-Coml6  " 

methods,  610. 
Chance,  Messrs.,  on  utilizing  slag,  &c,  5 IS. 
Chandghur,  iron  manufacture  at,  209* 
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CHANGE. 

Change  of  material  in  blast-furnace,  457. 
Charcoal  and  baryta  with  protosulphide  of 
iron,  22a 

 employed  for  spiegeleisen,  571. 

— —  used  in  fining  process,  579. 

 ,  its  cost  in  Welsh  finery,  591. 

 consumed  in  Swedish  forge,  596  ;  at 

Dannemora,  601  ;  at  Siegen,  612. 

 employed  for  Russian  iron,  73fl. 

 ,  how  used  in  converting-furnace,  772. 

 ,  substitution  of  pit-coal  for,  881. 

Charcoal-fineries,  579. 

 -,  working  of  ball  in,  582.618. 

 Swedish  "  Lancashire  Hearth,"  521. 

 (Rivois),  661-66:i. 

 ,  steel  made  in,  779. 

Charcoal-furnaces,  slags  from,  503. 

—  of  Prussia,  566. 

Charcoal  iron,  590 ;  pig-iron  (cold-blast) 
treated  by  hot-blast,  6<)9. 

Charcoal-plates,  manufacture  of,  725. 

Charges  and  yields  of  blast-furnaces : — New- 
land,  552  ;  Finspong,  553  ;  Russell's  Hall, 
554  ;  Comgreaves,  555 ;  Dowlais,  555 ; 
Abcrdare,  55_6_  ;  Blaenavon,  552 ;  Cwm 
Celyn,  558  ;  Prussia,  564. 

 of  converting-furnace,  771. 

Charging  furnace,  size  of  material  for,  483. 

Chnrriere  on  Chenot  steel,  766. 

Chemical  properties  of  iron,  13_» 

  combination  of  carbon  in  iron,  1 18. 

  phenomena  of  the  modern  blast-furnace, 

Chenot's  process  for  iron-smelting,  335;  for 

carburization  of  pulverulent  iron,  766. 
 steel,  766. 

Cheviot  Hills,  iron  sing  found  in,  877. 

Chill-casting,  117,  130. 

Chillington  Iron- works,  tap-cinder  from,  fifiiL 

China-clay  used  in  assaying,  238. 

Chinese,  mending  cast-iron  utensils  by,  747. 

Chloride  of  silicon,  hydrochlorate  of,  8L 

 of  sodium  in  iron  manufacture,  520. 

Chlorine  used  in  puddling  steel,  800. 
Christison,  Dr.,  on  poison  of  carbonic  oxide, 

Chrome  iron-ore,  its  resemblance  to  magnetic 

iron-sand,  198. 
Chromium  alloyed  with  iron,  1S5. 

—  iu  assay  of  iron-ores,  243. 
Cinder.    See  Slag. 

Circular  furnaces,  produce  from,  490 ;  blast- 
furnace with  circular  hearth,  480. 

Cizancourt  on  gases  in  molten  steel,  818. 

Clarence  Iron-works,  blast-furnace,  362. 

 ,  Siemens' s  regenerative  furnace,  428. 

 ,  graphite  from  blast-furnace,  511. 

 ,  furnace  charge,  558. 

Clay,  W.,  on  Riepe's  steel  process,  793,  794. 

 ,  W.  N.,  direct  process  for  making 

wrought-iron,  330. 

Clay,  its  use  in  puddling  steel,  799. 

 ironstones,  2J52;  analysis,  7. 

Clec  Hills,  argillaceous  ore  in  the,  202. 

Olerval  (France),  bla»t-furiiacc  gases  at,  431, 


COLOfBATIOX-T  EST. 

434;  change  of  material  in  blast-furnacr. 
457. 

Clibborn,  K.,  on  Bessemer-proces  forestalls 

by  Japanese,  816. 
Clichy,  cost  of  producing  Chenot  steel  at.  767. 
Clyde  Iron-works,  hot-blast  first  used  at,  597. 
 ,  make  of  pig-iron  and  consumption  of 

fuel,  29JL 

 ,  fuel  saved  at,  by  hot-blast,  420. 

Coal,  presence  of  soda  in,  511. 

— — ,  small  quantity  consumed  in  makir«f 

pig-iron,  558. 
 ,  iron-ores  seldom  occur  with,  in  Prussia, 

 used  in  reheating- furnace,  712 ;  cstia.- 

coal  not  adapted,  720. 

 ,  beds  of,  at  Lowmoor,  734-. 

 in  Sussex,  probability  of  fiuding  wmk- 

able,  88X 

 ,  its  use  forbidden  by  Edward  L,  881. 

 ,  great  present  consumption  of,  8S0. 

See  Anthracite,  I*it-coal. 
I  Coal -ashes,  flux  for,  496. 
!  Coal-basin  of  Western  Prussia,  iron-works  ia, 
569. 

Coalbrook  Vale,  sand-bed  at,  iM ;  fu»t  smelt- 
ing of  iron  with  pit-coal  at,  &SJL 

Coal-measures,  argillaceous  iron-ores  of,  203r 
211,  227,  543. 

Cobalt  alloyed  with  iron,  173. 

Cochrane's  Works,  cylindrical  furnace  at,  47<>. 

Cock  on  alloying  iron  and  palladium,  181. 

Cockshutt,  J.,  his  refinery  process,  6_' 

 ,  visits  Mr.  Cort's  works,  632. 

 ,  on  Cort's  grooved  rolls  and  puddling. 

634. 

Codnor  Park  Iron-works,  pipe- with  in -pipe 

oven  at,  406. 
Coimbatore,  iron-smelting  in,  267. 
Coke,  salted,  in  making  cable-iron,  626. 
— ,  estimations  of  sulphur  in,  895. 

 blast-furnaces  of  Prussia,  564. 

Coking,  Siemens 's  new  method  of,  674. 
Coke-plates,  manufacture  of,  Z29_ 
Colcothar,  17. 

Cold-blast,  alleged  superiority  of  the,  397. 
  changed  from  hot,  increased  make  of 

iron  by,  424. 

 -,  combustion  with,  slower  than  cold,  427. 

 ,  phosphoric  acid  by,  515." 

 charcoal  pig-iron  Ueated  by  hot-blast, 

609. 

 pig-iron,  experiments  on,  863. 

Cold  hammering,  illustration  of,  10. 
Cold-short,  irou  rendered,  by  phosphorus,  64. 
— —  iron,  flux  for,  652. 
Coleridge  on  discovery  of  Swedish  splitting 

process,  731. 
Collins,  W.  W.,  patent  for  puddling  steel,  ia 

name  of,  795. 
Colour  of  blast-furnace  slags,  505. 

 of  flame  from  furnaces,  5J  L 

 of  steel  at  different  temperatures,  84  S. 

Colouration-test   for  determining  combined 

eai-bon,  892. 
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COLOURING. 

Colouring  gun -barrels,  860. 
Colours  different  in  same  slag,  498. 
Columns,  cast-iron,  in  fires,  899. 
Combes,  Regnault,  and  Thirria  on  Chenot's 

process,  343. 
Combined  carbon.    See  Carbon. 
Combustion  quicker  with  hot-blast  than  cold, 

421* 

Compact  iron  with  carbonaceous  matter,  car- 
burization  by  fusing,  773- 

Composition  of  slags,  240,  460.  626. 

 ■  of  gases  of  blast-furnace,  430 ;  charges, 

435-440.  553 ;  residue  from,  452. 

 of  refined  iron,  626. 

 of  puddled  bats,  709;  puddled  steel, 

796.    See  also  Analyses. 

Compounds  of  iron  and  carbon,  856* 

Concordia  Iron-works  (Aix-la-Chapelle),  fur- 
nace cadmia  from,  510;  phosphoric-acid 
slag,  5.15* 

Condie,  inventor  of  water-twyer,  428. 

 ,  his  steam  forge-hammer,  628. ;  patent 

for,  701. 

Conducti vity,  electric,  of  iron,  2 ;  of  iron  of 

armour-plates,  742* 
Contact-action  in  forming  sulphate  of  iron, 

42* 

Continental  blast-furnaces,  greater  loss  of  iron 
in,  505* 

Converting  furnaces  for  steel,  Z65 ;  for  car- 

burizing  bar-iron,  768. 
Cooke,  Prof.,  on  alloys  of  zinc  and  antimony, 

61,  155* 

Cooper  and  Hewitt  on  Kenton's  process,  335. 
Copiapo,  neutral  tersulphate  of  iron  at,  46* 
Copley,  his  use  of  coal  for  iron-smelting, 

885. 

Copper,  finely  divided,  cohesion  of,  8_* 

 medals  (Ozann  s),  8. 

 ,  its  action  on  iron  and  manganese  with 

carbon,  140* 

'  alloyed  with  iron.  147. 
 ,  its  effects  on  steel,  150* 

■  and  zinc  alloyed  with  iron,  1  ■*>*;. 

 in  Danneroora  iron,  737. 

44  Copper-rain,"  147. 

Copperas  with  sulphate  of  protoxide  of  iron, 
43. 

Copper-smelting  in  Perm,  cupriferous  cast- 
iron  in,  153. 

Corbyn's  Hall  blast-furnace,  explosion  in, 
521* 

Cornelia  Mine,  reduction  of  siliceous  ore  of,  94. 

Corn  greaves,  blast-furnace  at,  350. 

 ,  double  syphon-pipe  oven,  4m4. 

— — ,  furnace  yield,  555* 

Corsican  process  of  iron-smelting,  3_15* 

Cort,  H^  his  claim  to  invention  of  puddling, 
627.  636;  his  patents,  627;  story  of  his 
invention,  629. 

 ,  U.,  on  the  claims  of  his  father,  620* 

Cost  of  blast-furnaces  at  Corngreaves,  360. 

 of  charcoal  in  Welsh  finery,  591* 

  of  iron  by  Franche-Comte  finery  pro- 
cess, 602  ;  by  Lombardy  process,  614. 


CVANO-NITRIDE. 

Cost  of  producing  Chenot  steel,  766. 

  of  steel  by  Bessemer-process,  824. 

 of  making  iron  in  South  Wales  about 

1750,  S2£* 
Coulomb  on  alloying  iron  and  silver,  175. 
Cowper,  Mr.,  his  hot-blast  stoves,  428. 
Cranage,  T.  and  G.,  their  claims  as  inventors 

of  puddling,  656* 
Crawford  on  iron-smelting  in  Madagascar, 

218* 

Crawshay,  Messrs.,  escape  of  air  at  their 
Cyfartha  furnaces,  421* 

 ,  R.,  his  adoption  of  Cort's  process,  622* 

 ,  W.,  a  witness  against  Cort's  petition, 

633. 

Creamy  surface  of  melted  iron,  493. 
Crocodile  squeezers,  703. 
Crookes,  W.,  on  alloying  iron  and  mercury, 
114. 

Cross-piling  of  puddled  bars,  720. 

Crucible  for  iron  assay,  231 ;  unlined,  243. 

 for  making  cast-steel,  764. 

  for  Bessemer-process,  813. 

 for  casting  steel,  833. 

Crude  steel.    See  Raw-steel. 

Crystalline  iron,  3±  7^  8* 

 structure  developed  by  solvents,  8  ;  of 

sheet  zinc,  9 ;  bar-iron,  3 ;  affected  by 
hammering,  9j  rolling,  lOj  vibration,  12* 

 fracture  influenced  by  time,  10* 

  alloy  of  iron  and  zinc,  155. 

Crystallized  silicon  in  pig-iron,  145, 

Crystals  of  iron,  3. 

 ,  cubic,  in  gun  barrels,  3 ;  in  Bessemer 

ii on,  4* 

 ,  large,  induced  by  phosphorus,  9.; 

facilitate  fracture,  10. 

 ,  small,  resist  fracture,  10* 

 of  nitrate  of  sesquioxide  of  iron,  59* 

 of  phosphide  of  iron,  £1*. 

 of  silicon,  84* 

 in  mottled  cast-iron,  124* 

"  Cube-ore,"  15* 

Cumberland,  micaceous  ore  in,  200* 
Cup  and  cone,  taking  off  gas  by,  470. 
Cupola  furnaces,  361. 

Cupriferous  cast-iron  in  copper-smelting,  153. 
Curandau  on  gas  from  blast-furnace,  464. 
Cutlery,  Lucas's  cast,  805. 
Cutlers,  working,  metallic  baths  for,  854. 
Cwm  Celyn  Iron -works,  cup  and  cone  used 

at,  ±7_L 
— sand  bed,  423. 

 ,  furnace  charge,  5.">8. 

 ,  waste  blast-furnace  gas  applied  to  pud  • 

dling,  612* 

 ,  puddling-furnace  for  utilizing  waste 

heat  at,  690- 
Cyanide  of  potassium,  patent  for  collecting, 

447 ;  for  reduction  of  iron,  450. 
Cyanogen,  formation  of,  51* 

 in  blast-furnace,  447.  449. 

 in  puddling  steel,  800-802. 

Cyano-nitride  of  titanium  from  blast-furnace, 

510. 
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CVFARTHA. 

Cyfartha  Iron-works,  escape  of  air  from  fur- 
nace* at,  427- 

 -,  cone  employed,  471. 

,  lime  used  as  a  flux,  520. 
 ,  refineries,  624. 

— ,  construction  of  puddling-furnaces,  669. 
— ,  granulating  pig-iron,  803. 
Cylindrical  shaft  in  blast-furnaces,  47«>. 

D. 

Dalkcarlia,  Uchatius  steel  made  in,  803. 
Damascus  sword-blades  made   from  Indian 

wootz,  860. 
Damask,  meaning  of,  1 85. 
Damasked  steel,  tungsten  in,  189. 
Damaskeening,  860. 

Itaniell,  Prof.,  on  action  of  acids  upou  cast- 
iron,  145. 

 on  action  of  acids  on  steel,  857. 

 ,  W.,  his  invention  of  "  tops  and  bot- 
toms," 589. 

Danncmora  (Sweden),  magnetite  in,  108. 

 iron-mines,  373,  374. 

 •,  Walloon  finery  process  at,  599.  601. 

 iron,  analyses  of,  736. 

Darby,  A.,  his  use  of  pit-coal  for  smelting 
iron,  8K6 ;  history  of  the  family,  886. 

 ,  Mr.,  on  M  buzzing,"  633.  . 

41  Das  Braten  "  in  Cnrinthian  process,  61 1. 

D'Aubuissoo  on  the  trompe  in  Catalan  forge, 

Davis,  D.  F.,  on  use  of  manganese  in  making 
steel,  844. 

 -,  J.  F.,  on  stamping  puddled  balls,  688. 

Davy's  alloy  of  iron  and  glucinium,  L9JL 
Dawes,  J.,  bis  experiments  on  puddling.  671. 

 patent  for  cyanide  of  potassium,  447. 

 on  utilizing  furnace  slag,  742. 

 ,  W.       his  patent  for  working  blooms 

by  squeezing  and  hammering,  7o4. 
Debray  'on  protoxide  of  iron,  15j  phosphate 

of  protoxide,  fifi;  phosphate  of  sesquioxidc, 

2Q. 

Decarburization,  partial,  of  cast-iron  for 
making  steel,  778  ;  0f  pig-iron  by  cemen- 
tation, 804. 

■  by  blowing  atmospheric  air  through 
molten  pig-iron,  810. 

De  <Ieer  introduces  Walloon  finery  process 
iuto  Sweden,  509. 

Delcourt,  D..  his  balloon  ascent,  52£L 

D'Elhuyar's  alloys  of  tungsten  and  iron,  &c., 
188. 

Delvauxite,  7_L 

De  Meckenheim's  fan  for  t»iking  off  gas,  4«'9. 
Denison  on  ca*t-iron  bell  in  Exhibition,  1  'ij. 
Depths  in  blast-fumace,  change  of  material 

at  different,  457. 
Derangements  in  working  blast-furnace,  494. 
Derbyshire,  argillaceous  ore  in,  202. 
Descent  of  material  in  blast-furnace,  457, 

475.  482,  4fl3^ 
Devloizeaux  on  crystallized  silicon,  8.*). 


DOWLAIS. 

Desfosses  on  cyanide  of  potassium,  447. 
Despretz  ou  iron  and  nitrogen.  51. 
Desulphiirization  of  pig-iron  in  pn. Idling  vr 

lithaige,  712. 
Detmold,  J.  A.,  his  improved  puddling-fur- 

nace,  685. 

M  Deule"  in  Caiinthian  steel  process,  787- 
Deverell,  steam-hammer  sketched  by,  69c: 

his  patent,  701. 
Deville  on  silicon,  80-36  j  silicon  and  nitro- 
gen, 8& 

 on  alloying  iron  and  aluminium,  1M. 

 ,  his  bla>t-turn.nce,  237. 

 on  blast-fumace  silica,  509. 

■  and  Carou's   alloy  of   iron  and  fat, 
160. 

Dialysis,  Graham  on,  19. 

Diarsenide  of  iron,  7_i, 

Dick  on  pyrophoiic  iron,  13. 

 on  retention  of  hydrogen  by  iron,  li. 

 on  iron  dissolving  oxygen,  li 

 on  iron  and  water,  96. 

 on  action  of  ammonia  on  iron,  55. 

— —  on  carbon  in  pure  iron,  113. 

 on  iron,  manganese,  and  carbon,  115. 

 on  iron  ladles  permeated  with  lead. 

ISHL 

■  on  slag  from  Russell's  Hall,  5**0- 

■  on  refined  iron  fiom  Bromford,  6_6. 

 ,  his  analysis  of  Bessemer  faun,  663. 

 on  cast-steel,  with  and  without  mane»- 

nese,  846. 

Dilatation  of  iron  by  heat,  5 ;  of  cast-inr, 
873. 

'        by  heat  of  gases,  426. 

Dimensions  of  Prussian  blast- furnaces,  564. 

Diphosphide  of  iron,  63. 

Direct  extraction  of  iron,  2J*4. 

 process  carried  on  by  Hindoos,  254. 

-       production  of  cast-steel,  764. 
Disintegration  of  blast-furnace  slag.  606. 
Discs,   pig-iron  in  form  of,  in  Caiinthi>« 

finery,  611. 
*«  Distillation  process  "  in  the  Eifel,  575. 
Disulphide  of  iron,  30. 
Doeson  Oeloe,  iron-«tnelting  at,  273. 
Dolomite  not  to  be  used  as  a  flux,  5u7. 
Double  puddliug-furnaces,  d2L 

 shear  steel,  859. 

 syphon-pipe  oven,  404. 

Dowlais  Iron- works,  welding  crystalline  in« 

at,  Z. 

,  graphite  from,  145. 

 ,  saving  of  fuel,  421. 

 ,  deposit  from  culvert  for  gas,  472. 

 ,  produce  from  circular  furnaces,  490. 

 ,  cast-iron  pig-moulds,  494. 

 slags,  498.  506.  626.  668.  724. 

 ,  graphite  from  blast-fumace,  5JL 

  furnace  charge  and  yield,  555. 

 ,  explosions  in  refineries,  625. 

 ,  economizing  waste  heat,  692. 

 puddled  Dai's,  709. 

 Great  Mill,  Zfil. 

 blowing  cylinder,  889. 
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DRIED  WOOD. 

Dried  wood,  puddling  with,  686. 

Dry  assay,  speise  found  in,  Z6_ ;  compared 

with  wet  method,  253. 

  puddling  process,  670. 

Dud  Dudley,  hi*  use  of  coal  for  smelting  iron, 

883. 

Dudley,  slag  from  furnaces  near,  497,  4118. 
Dudley,  Earl  of,  his  collection  of  South  Staf- 
fordshire irou,  735. 
Duflryn  brass,  203* 
Dufour  on  tenacity  of  iron,  iL 
Dufrenoy  on  slags  in  Catalan  process,  307. 

 on  I.ehrkind  and  Co.'s  puddled  steel,  702. 

Dugendt  on  cinder  from  reheating  furnace, 

Dumas  on  atomic  weight  of  silicon,  80, 

■■■    -  on  coating  with  zinc,  156. 

Dundvvan  Iron-works,  tiking  off  gases  at, 

 ,  cylindrical  furnace,  476. 

 blast-furnace  explosion,  521. 


East  Indian  tin,  1SSL 

Kbbw  Vale  Iron-works,  blast-furnace  at, 

266.  ' 

 ,  spiral-pipe  oren,  405. 

 ,  use  of  waste  g;ts  41"  ;  taking  off  gases, 

649. 

 ,  wrought-iron  water  twyer,  429. 

 ,  cup-and-cone  furnace,  470. 

 .  cast-iron  pig-moulds,  41>4. 

 ,  loss  of  iron  in  slag,  504. 

 ,  pink  slags,  huh ;  manganese  and  sul- 
phur slags,  51 2. 

 -,  lime  used  as  flux,  520. 

 ,  refineries,  624;  explosions  in,  G25_ 

,  use  of  salted  coke  in  refinery,  &2JL 

— ,  puddling-furnaoe,  647 ;  iron  bottoms 
for,  652 ;  improved  puddling-furnace,  685. 

 -,  iron  puddled  at,  6_5J  ;  steel,  794. 

- — — ,  armour-plate  made  at,  604. 

 ,  steam  refinery,  667. 

 -,  puddling  rolls  and  squeezer,  708. 

 ,  reheating  furnaces  with  coal  fuel,  717. 

 ,  small  waste  of  iron,  72Q. 

 -,  machinery  for  rolling  rails,  122. 

 -,  forges  and  mills  761. 

Kbbw  Vale  Co.,  purchase  of  Martien's  pateut, 
810. 

Ebelmen  on  blast-furnace  gases,  431-446. 
  on  temperature  of  blast-furnace,  453. 

454,  455 ;  change  of  material,  457. 

 on  furnace  cadmia,  510. 

Eck  on  fluxes  of  lime  and  limestone,  519. 
Ed  (Sweden),  poisoning  by  blast-furnace  gas 

in,  S3 1  - 

Ede  on  tempering  steel,  853,  8v>4. 
Edsken  (Sweden),  slag  from,  374^500. 
Eggertz,  Prof.,  on  alloying  iron  and  copper, 
149. 

- — — ,  on  copper  in  steel,  153  ;  in  Dannemora 
iron,  23JL 
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FALMOUTH. 

Eggertz,  Prof.,  on  determining  combined  car- 
bon in  iron  and  steel,  891  ;  in  pig-iron  or 
steel  by  colouration-test,  892. 

 ,  his  estimation  of  phosphorus  in  iron 

and  steel,  893. 

 ,  on  testing  for  sulphur  in  pig-iron,  894. 

Egypt,  early  use  of  iron  in,  874. 

Ehrenfriedersdorf  (Saxony),  spathic  ore  in, 
202. 

"  Eisensinter,"  7SL 

Eisenerz  Iron-works,  322 ;  Stiickofen  at,  328  ; 

slag  from,  503.;  pig-iron,  535. 
Eifel,  iron-works  in  the,  574. 

 ,  Walloon  finery  process,  599,  601- 

Ekaterinenberg,  fluxes  of  lime  and  limestone 

at,  518. 

Ekman,  C,  on  case-hardening  by  arsenic,  7JL 

 ,  (■.,  his  gas-weldiug  furnace,  596,  716. 

 ,  on  wood-ashes  in  casting  steel,  838. 

 ,  T.  L.,  on  carbon-residue  from  iron, 

891. 

Elba,  specular  ore  in,  200. 

 ,  steel-making  in,  809- 

Electric  conductivity  of  iron,  2^  742. 
Electro-deposited  iron,  kept  without  rust,  2  ; 

ammonia  in,  2« 
Electrolysis,  pure  iron  from,  2. 
Elba,  ore  from,  used  in  Corsican  process,  315. 
Elliptical  burnt-furnace,  489. 
Ellis,  J.  D.,  on  Bessemer-process,  821. 
 ,  W.,  on  iron-smelting  in  Madagascar, 

277. 

Eisner  on  effect  of  hardening  upon  steel,  849. 
Elsecar,  poisoning  by  blast-furnace  gas  at, 

527. 

English  burette  for  solution  of  permanganate 
of  potash,  251. 

 steel  market,  Swedish  iron  for,  597. 

 Walloon  finery  process,  599. 

"  Sponges  mltallique*,"  335. 

Erzberg,  spathic  ore  in,  202. 

Etching  on  iron  after  fusion,  8_. 

Evelyn's  execration  of  iron-mills,  881 . 

Exhibition,  International.  Sec  International 
Exhibition. 

Exmoor,  spathic  ore  in,  202. 

Expansion  of  steel  by  hardening,  848. 

 ,  permanent,  of  cast-iron  by  heat,  872. 

Explosions  in  blast-furnaces,  521 ;  during  re- 
fining, 625. 

Extraction,  direct,  of  malleable  iron,  254 ; 
indirect,  of  iron  in  the  state  of  cast-iron, 
34JL 

Eyferth  on  action  of  tin  on  cast-iron,  163. 


F. 

1a 1 R BAI un,  Mr.,  on  nickel  and  iron,  172. 

  on  shingling  machine,  706. 

  on  Low  moor  iron,  736. 

 on  iron  of  armour-plates,  741. 

 on  strength  of  iron,  862^  863,  87_L 

 on  hot  and  cold  blast  pig-iron,  863. 

Falmouth,  cannon-bull  from,  146. 
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Fan  for  removing  gat,  4  <>-j. 
Faradav,  Prof., aluminium  found  in  wootx  by, 

183. 

,  on  action  of  acids  on  steel,  856. 

 and  Stodait't  alloy  of  steel,  151  ;  with 

copper,  15J. ;  tin,  Ui2 ;  silrer,  HI ;  gojd, 
177 ;  platinum,  178;  rhodium,  180. 

  fail  to  introduce  titanium  into 


steel,  164* 

  alloy  of  iron,  with  nickel,  L7_l  ; 

palladium,  180 ;  osmium-iridium,  181  ; 
aluminium,  182. 

on  melting  silver  and  steel,  176. 


Faruley  Iron-works,  iron  made  at,  732. 
Fenfle  on  cinder  for  puddling  steel,  799. 
"  Fer  acidreux,"  br  Catalan  process,  764. 
44  Fer  doux,"  304/3111* 
44  Fer  fort,"  304,  307. 
Ferola  iron  ores,  553. 

Ferrate  of  potash,  24 ;  baryta,  25. ;  soda,  25_» 
Ferric  acid,  24, 

 oxide,  subpbosphate  of,  70. 

Ferrite  of  potash,  15. 

Fibrous  iron,  S;  from  South  StAflbrdshire, 

za&. 

 silica  from  blast-furnaces,  507. 

File*  made  from  blister-steel,  838. 

Finch  on  charge,  Sic.  at  Blaenavon  Iron- 
works, 557. 

Finery  processes  for  making  wrought  from 
cast-iron,  579;  South  Welsh,  581 ;  Swed- 
ish "Uncashire/*  591;  Walloon,  599; 
Swedish  "  Walloon,"  52fl;  Franche-Comto, 
602 ;  Slag-bottom,  610;  Styrian,  610; 
Carinthian,  61 II ;  Tyrol,  612 ;  Siegen, 
612 ;  Lombar3y7  612;  Salzburg,  615; 
liohemian,  615  ;  Kohnitz,  618. 

— — ,  Tunner*s  classification,  580. 

 ,  slags  produced  in,  tiJJL 

Fining  in  hearths,  production  of  steel  by, 

m 

Finished  iron,  yields  of,  721. 

Finishing  rolls,  709. 

Finland,  bog  and  lake  ore  in,  201. 

 ,  osmund  furnace  in,  320,  325. 

Finspong,  furnace  charge  at,  553. 
Fire-bricks  for  blast-furnace,  358 ;  in  pud- 

dling-furnace,  647. 
Fire-clay  used  in  assaying,  23't. 
Fire-sap  or  slag-bath,  SOJL 
Fires,  cast-iron  columns  and  ghders  in,  899. 
Firmstone,  Messrs.,  their  svphon-pipe  oven, 

402, 

Flame  from  tymp  of  blast  furnace,    4JLi ; 

colour  of,  5 1 1 . 
Fleury,  Prof.,  on  making  iron  from  slags, 

Z4JL 

Flue-cinder,  analysis  of,  124. 

Fluor  spar  used  in  assaying,  239. 

Fluoride  of  calcium,  action  of,  on  iron  and 

phosphorus,  67. 
Flux,  use  of  sand  as,  6. 
— —  ,  dolomite  not  to  be  used,  507. 

 ,  lime  used  for  limestone,  ;» 1  s. 

—  ,  use  of  blast-furnace  slag,  S2j ». 


riT.i.. 

Flux  for  cold-short  iron,  652. 

 of  bottle-glass  in  melting  steel,  839. 

Fluxes  used  in  iron  assay,  238  ;  silica,  glass, 
china-clay,  238. ;  shale,  tire-clay,  blast- 
furnace cinder,  borax  glass,  lime,  floor 
spar,  239. 

 ,  assay  classification  and  proportion  of, 

240. 

 ,  slags  adapted  for,  240. 

 for  coal  and  wood  ashes,  496. 

— — ,  saline,  for  puddling,  6.5JL 

Foley,  his  discovery  of  the  Swedish  splitting- 
process,  731. 

Fontainerooreau,  Comte  de,  his  patent  for 
steam-hammer,  702. 

44  Fonte  truitee,"  116. 

Forbes,  D.,  analysis  of  slags  bv,  497,  498. 

501.  502.  627. 
Ford's  manufacture  of  iron  at  Coalbrook  Dale, 

Forest  of  Dean,  brown  haematite  in,  200. 

 ,  early  iron  working  in,  876.  886. 

Forge,  meaning  of,  defined,  693. 

  of  Swedish  blast-furnace,  379;  for 

drawing  out  blooms  into  merchant  bars. 

£24, 

Forges  at  Ebbw  Vale,  761. 
Forge-cinder  from  Dowlais  668. 
Forge-hammers  for  working  the  ball,  693 ; 

•team,  695. 
Forge-train,  708. 

Fournet  on  compressing  powdered  silrer,  8 ; 

welding,  fL 
Fownes  on  cyanide  of  potassium,  447. 
Fracture  of  crystalline  iron,  LL 
 of  steel,  851. 

France,  earthy  brown  ha-matite  in,  201. 

 ,  waste  gas  first  utilized  in,  462. 

 ,  prevailing  charcoal  finery  process  in. 

602. 

Fianche-Comt<$  finery  process,  602 ;  com- 
pared with  methods  44  Champenoise"  and 
44  Bourguignonne,"  610. 

Francois,  J.,  on  the  Catalan  process,  278. 
280-282.  298^299^  3jjj^3i2, 

Franklin's  Indian  furnace,  260 ;  iron  manu- 
facture, 270. 

Franklinitc,  19S. 

 ,  an  antidote  to  red -shortness  and  cold- 
shortness,  199. 
-,  mixed  with  Scotch  pig-iron,  199 ;  with 


Pompton  pig-iron,  199. 
Fremv  on  hypochlorites  in  ferrate  of  potash, 
24. 

 on  ferric  acid,  24-26. 

 on  nitrogen  and  iron,  52. 

 his  steel  process,  819. 

Fresenius  on  spiegeleben,  532. 
Fuchs  on  crystals  of  iron,  4. 
Fuel  saved  by  hot-blast,  420^  421.  425. 
 ,  consumption  affected  by  form  of  fur- 
nace, 481. 

 ,  slag  affected  by,  496. 

 ,  mineral,  for  puddling,  579. 

 ,  saving,  in  regenerative  furnaces,  681. 
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FUEL. 

Fuel,  wood,  for  puddling,  686.  See  nUo 
Anthracite,  Charcoal,  Coal,  Coke,  Gases, 
Wood. 

Furnace  cadmia,  5 1 0. 

"  Furnace  pumice,"  5  1 5. 

 ,  balling,  712. 

 mill,  112. 

 ,  revcrbcratory,  833. 

 ,  welding,  71 2. 

Furnace,  blast.    See  Blast-furnace. 

Furnace  cliarges.    See  Charges. 

— — _  for  assaying,  237  ;  air  furnace,  237 ; 
Sefstrom's  blast-furnace,  2:17. 

 ,  ancient,  called  Moomeries,  '-'•"> 4. 

-  for  iron-smelting  in  India,  25Ji ;  Frank- 
lin's, 2fiO_, 

 for  iron-smelting  in  Borneo,  223. 

 ,  Stanhope,  1M ;  Catalan,  279,  282; 

osmuud,  32Ji;  •«  hnrkhyttor,"  325,  326; 
cupola,  361. 

 ,  anthracite,  United  States,  380. 

 ,  Siemens's  regenerative,  4'-'^. 

— -  (open-mouthed),  taking  off  gas  with, 

 >  charcoal,  slags  from,  503. 

 ,  gas-welding. '596,  716.  ZM. 

 reheating,  688.  712,  716.  724. 

 ,  converting,  for  steel,  7 65,  7G8. 

Furnaces,  puddling.    See  Puddling. 

Fusion,  etching  on  iron  after,  &. 

 of  iron  and  sulphur  with  iron  and  phos- 
phorus, 66^ 

 of  pig  with  malleable  iron,  805. 

  of  compact  iron  with  carbonaceous 

matter,  caiburizatiou  by,  773. 

 of  steel  in  reverberatory  furnace,  838. 


Q. 

Galvanized  iron,  effect  of  acids  on,  154. 

 — —  for  prevention  of  rust,  1 55. 

Gardner,  K.,  his  patent  for  making  iron,  653. 

Garnet  in  blast-furnace  slag,  509. 

Gases  in  molten  steel,  818. 

 ,  blast-furnace,  dilatation  by  heat  of, 

 ,  composition,  430. 

 ,  cyanogen  in,  449. 

 ,  taking  ofl,  with  open-mouthed 

furnace,  by  use  of  fan,  4_69_ ;  ou 

working  the  furnace,  472. 

— —   ,  deposit  from  culvert  for,  472. 

■  ,  utilization  of,  462. 

 ,  ascent  of,  485. 

  ,  poisoning  by,  o2li ;  remedies  for 

the  poison,  532. 
 -,  waste,  first  applied  to  manufac- 
ture steel  by  cementation,  463  ;  applied  to 

puddling,  673. 
 1  waste,  solid  matter  carried  over 

with,  472. 
Caseous  fuel  for  reheating-furnace,  716. 
 compounds  of  carbon,  carhurization  by, 

773. 


GREEN. 

Gas  oven,  408. 

 •  puddling-furnace  (Siemens's),  G74. 

— —  welding  furnace  (Kkman's),  596.  Zlfl. 

 at  Wasseralfingen,  slag  from,  7'J4. 

Gaudiu  on  volatilization  of  silica,  5()9. 

Gauntlet t's  pyrometers,  403. 

Gay-Lussac  on  cementation,  103,  1  lo. 

 and  Thenard  on  iron  and  potas- 
sium, 196  ;  iron  and  calcium,  197. 

 fail  to  reduce  baryta,  196 ;  or 

strontia,  197. 

Gehlen  on  iliaisenide  of  iron,  LL 

Gehlenite,  slag  approximating  to,  502. 

 »  found  in  the  Tyrol,  503. 

Gellivnra  fljtpland),  magnetite  in,  198. 

George,  W.,  his  charcoal  iron,  '. 

Gerhnrdt  ou  carbides  of  iron,  122. 

German  chaicoal  pig-iron,  puddled  steel  from, 
792. 

Germany,  spiegeleisen  from,  534 ;  use  of 
spiegeleisen  for  making  steel,  806. 

Gibbons,  J.,  on  blast-furnace  of  modern 
form,  476. 

 ,  on  limestone  sides  for  bed  of  puddling- 
furnace,  669. 

 ,  on  invention  of  M  bull  dog,"  671. 

Gibbs's  Iron-works,  accident  to  rolling-mill  at, 

721. 

Girders,  cast-iron,  in  fires,  899. 
Gladstone,  T.  M.,  on   Bessemer 's  process, 
82Q. 

Class  used  in  assaying,  23JL 

Glntz,  blast-furnaces  at,  567. 

Gleiwitz  (Prussia),  blast-furnaces  at,  565. 

Glucinium  alloyed  with  iron,  196. 

"  Gobbing-up"  of  blast-furnace,  494. 

Gold,  powdered,  cohesion  of,  8_. 

 in  iron-pyrites,  32, 

— —  alloyed  with  iron,  177. 

Goodver,  J.,  his  fluxes  for  improving  steel, 

fi£2> 

Gospel  Oak  Works,  galvanized  iron  from, 
154. 

Graham  on  dialysis,  ]SL 

 on  hydra  ted  scsquioxide  of  iron, 

Granulating  pig-iron,  803. 

 metals,  centrifugal  method  of,  803. 

Granville'i  (Earl)  blast-furnaces,  explosion  at, 
525. 

Graphite  in  iron,  1 13-145. 

 ,  residue  of,  from  steel,  1 1  7. 

— —  from  Dowlais,  L4JL 

 from  blast-furnace  during  tapping,  51 1. 

Graphitoidal  silicon,  83. 
Grate,  blast  under,  with  closed  and  open  ash- 
pit, 685. 

Grateau  on  Chenot's  process,  33 7 1  340 ;  on 
Chenot  steel,  766,  ZfiL 

 on  Bessemer-process,  340,  767. 

*'  Grease -pot"  in  tin-plate  process,  121  \  grey 
powder  in,  728. 

*  Great  Eastern,"  shaft  of,  forged  under  Con- 
die  hammer,  700. 
\  Green  slags,  499,  500.  506. 

Gieen  solution  of  protosulphide  of  iron,  3°u 

3  N 
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GREEN. 

Green  vitriol,  with  sulphate  of  protoxide  of 

iron,  ±3 ;  production  of,  Mi 
"  Greillado"  in  Catalan  process,  294-314. 
Grer  iron,  112.  116;  action  of  sulphur  on, 

133;  of  acid*.  144, 

 converted  into  white,  117. 

 treated  in  pudd  ling-furnace,  "58. 

 .  powder  in  44  grease-pot,"  7  JS. 

 slag,  499.  506. 

Grill,  A.,  on  Vivianit*  in  iron-smelting.  70, 

 ,  on  Osmund  furnace,  320,  3_2iL 

— ,  blast-furnace  designed  by,  M9. 

  on  labouring  men  in  Sweden,  380. 

 ,  on  blast-furnace  slag,  506. 

 ,  on  Swedish  charcoal  finery,  591,  596. 

 ,  on  good  iron  by  Lancashire  method, 

5_9_7_. 

 ,  on  Walloon  finery  process  in  Sweden, 

599,  601 ;  on  Franche-Comte  process,  6u7. 
,  on  Ostlund's  process  ot'  puddling,  t>89. 

Grooved  rolls,  Cort's  patent  for,  627. 

"Grundy"  or  grauulated  iron,  803. 

Gruner  on  manufacture  of  steel,  793. 

 on  puddling  steel,  800,  802. 

Guenyveau,  his  treatment  of  iron  in  puddlmg- 
fnniace,  667. 

Guest,  Sir  J„  his  use  of  the  refinery,  625. 

Guettier  on  permanent  expansion  of  cast-iron, 
S22. 

Gueymard  on  platiniferou*  cast-iron,  ISO. 
Gumbinnen  (Prussia),  blast-furnaces  in,  5'»9. 
(iun,  Krupp's  cast -steel,  837. 
Guns  from  Spanish  Armada,  1 46  ;  Carlscrona, 

147;  fix»m  44  Mary  Hose,"  147. 
Gun-l»arrcls,  damaskeeuing,  8<>0. 
Gun{M>wder-ore  in  Smaland,  322. 
Gurhwnl,  iron -smelting  in,  2>>8. 
Guilt  on  spiegeleison,  1 19. 

 •  on  carbon  in  iron,  121.  123-126. 

 on  blast-furnace  silica,  508. 

— —  on  garnet  from  blast-furnace,  510. 
Gurney  and  Aires'  foundry,  attempt  to  utilise 

waste  heat  at,  466. 


II, 

HACKNEY  on  Siemens'*  gas  pudd ling-furnace, 
674. 

Heematite,  red,  199  ;  brown,  200 ;  analyses, 

224. 

 ,  red  and  brown,  pig-iron  from,  538, 

539. 

■  ,  Ulverstone,  assays  of,  214. 

Half- Walloon  finery  process,  619. 

Hall,  l>r.  M.,  on  preserving  iron  from  rust, 

2JL 

 ,  J.,  rules  for  puddling,  637  ;  loss  of  iron 

in,  6£2. 

 ,  introducer  of  "  pig-boiling,"  670 ;  his 

work  on  the  Iron  Question,  670 ;  his  claim 
to  invention  of"  bull-dog,"  67  I . 

 ,  on  puddled  halls,  689. 

Hammer  in  Catalan  forge,  292 ;  Swedish 
foiye,  394. 


iiEjmr. 

Hammers  for  working  the  ball,  693 ;  Na- 
smyth'a,  693  ;  Meant  forge-hammers,  693. 

Hammeied  armour-plates,  740. 

Hnmmeriug,  it*  eriect  on  crystalline  struc- 
ture, £L 

 ,  cold,  illustration  of, 

 ,  carl»n  in  steel  affected  bv,  1 18. 

 steel,  o58. 

Hammer- slag.  21. 

Hammond,  Sir  B.,  ou  pension  to  Mrs.  Cort, 
Hanlening  steel.  847. 

Harford,  It.,  adopts  iron  bottoms  tor  pod- 

dling-furaace,  652. 
44  Harkhyttor"  furnaces  in  Finland.  325,  .126. 
Harrison  (in  Holinshed's  Chronicle  ),  on  coal 

and  iron,  881. 
Harrison,  Ainslie,  and  Co.*s  furnaces,  552. 
Hart  op,  J.,  his  squeezers,  704. 
II ai  rev's  process  of  reduction,  333. 
Harz,  blast-furnace  silica  in  the,  508. 
Hasp*,  puddled  steel  manufacture  at,  792. 
Ha^aenfratz  on  alloy  of  iron  and  cobalt,  173. 
Hasslinger  Hiitte  (Prussia:,  blast-furnace  at, 

570. 

Hastings,  argillaceous  ore  at,  202. 
Hatchett  on  iion  and  gold,  177. 
Hauer,  C.  ron,  on  iron  and  water,  28. 
Hausmaun  on  nitrate  of  se-quioxide  of  iron, 

3iL 

 on  crystals  in  white  iron,  124. 

Hautmont.  Chenot's  process  at,  339. 

Hawkins,  L,  his  crucibles  for  cast-steel,  765. 

Hearth  in  blast-fu mace*,  488. 

 ,  new,  preparation  tor  Carinthian  pro- 
cess, 787. 

 ,  steel  by  fining  in,  779. 

Hearth-bottoms,  silica  in,  508;  sandstone 
affected  in,  518. 

Heat,  action  of,  on  iron,  5_* 

 ,  linear  dilatation  by,  5. ;  dilatation  of 

cast-iron,  873. 

 ,  specific,  of  iron,  5, 

 ,  waste,  utilized  in  Catalan  process  315 ; 

in  puddling-furnaee,  689. 

 of  gases,  dilatation  of,  4215. 

,  its  effect  upon  sandstone  in  hearth- 
bottoms,  518. 

 ,  permanent  expansion  of  cast-iron  bv. 

872. 

Heath,  J.  M.,  on  wootz,  774. 

 ,  his  use  of  manganese  in  casting  sted, 

813,  840. 

 ,  his  method  adopted  by  Cnwin,  S4I. 

Heinrichshuttc  (Prussia"),    blast-furnace  at, 

blSL 

Helve  (lift-hammer')  for  working  the  loll,  694. 

Helvin,  formation  of,  5JL2. 

Henneberg,  Stuckofen  at,  327. 

11  on  nock  f  I>?vonshirc ; ,  micaceous  ore  at, 

Henry,  T.  H.,  on  "  bull-dog,"  100, 

 ,  on  spiegeleisen,  1 19,  534. 

 ,  on  silicon  from  grey  iron,  L3J  ;  crvv- 

tallizeil  silicon  in  pig-iron,  145. 
 ,  on  pig-iron,  536,  339.  540,  M2* 
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HENRY. 

Henry,  T.  R,  on  South  Staffordshire  iron, 
ZM;  Dannemora,  736 ;  Russian,  738. 

 ,  on  blister-steel,  773. 

 ,  on  wootz,  77.5. 

 ,  on  silicon  in  steel,  847. 

Hernpath  on  alloy  of  iron  and  zinc,  154. 

Hermann  on  Paal  steel  process  790. 

Hess  on  phosphoric  acid  in  slag,  513,  515. 

Hewitt  on  Kenton's  process,  335. 

Heyford  Iron-works,  bla>t-furnace  explosion 
at,  522. 

Hickman's  blast-furnace,  explosion  in,  521. 
Highfields  Iron-works,  Bilston,  vertical  ro- 
tary squeezers  at,  7u6. 
Hindoo  iron-smelting,  254. 

 process  of  making  steel,  773. 

History  of  iron,  873. 

Hochstatter  on  protosulphide  of  hot),  3_l ; 

heated  with  carbon,  34 ;  with  sesquinxide 

of  iron,  35. ;  with  silica,  38. ;  with  silica  and 

carbon,  3JL 
 ■  on  iron  and  phosphorus,  GOj  64;  action 

of  sulphur  on,  6JL 
 on  fusion  of  iron  and  sulphur  with  iron 

and  phosphorus,  6JL 
•  on  action  of  fluoride  of  calcium  ou  iron 

and  phosphorus,  fiZ ;  action  of  carbon,  6JL 

  on  phosphate  of  protoxide  of  iron,  6JL 

 on  action  of  iron  on  phospliate  of  lime 

and  carbon,  7_L 

 on  manganese  and  phosphorus,  73. 

 ■  ou  reduction  of  silica  by  carbon,  92- 

 on  silicide  of  iron  heated  with  phos- 
phide, 95.;  with  protosulphide,  25, 

  on  carbun'zation  of  iron,  109. 

 on  carbon  in  pure  iron,  114, 

 on  spiegeleisen  heated  with  silica,  139. 

- — —  experiment  for  titanium,  165. 

 on  Siegen  raw-steel  process,  779. 

Hohenzollern  counties,  iron-works  in,  575. 
Holiushed's  Chronicle,  passage  on  coal  and 

iron  in,  881. 
Holland's  steel  process,  801. 
Hollow  fire  in  fining  process,  586. 
Hollunder  on  iron  and  zinc,  154. 
Holms  on  crystals  of  zinc  containing  iron, 

155. 

Homfi-ay,  inventor  of  refinery  process,  625. 

 ,  his  evidence  against  Cort's  petition,  633. 

*•  Homogeneous  metal,"  777. 

Hooker,  Dr.,  on  iron-smelting  in  Nonkrecm 

valley,  2fi2. 
Hopper,  taking  off  gas  by  use  of,  470. 
Horizontal  rotary  squeezers,  706. 
Horne  on  invention  of  cast -steel,  830. 
Horsfall,  J„  on  tempering  steel  wires,  854. 
Hot-blast,  effects  of  introduction  of,  280. 

 ,  patent  for,  394, 

 ,  apparatus  for  heating,  399. 

 ,  theory  of,  418. 

 -,  fuel  saved  by,  420. 

 ,  increased  make  by  changing  from,  to 

cold-blast,  424. 
 ,  combustion  with,  quicker  than  cold, 

427. 


INTERNATIONAL. 

Hot -blast,  reduction  of  phosphoric  acid  by, 
515. 

 ,  tieatment  of  cold-blast  charcoal  pig- 

iron  by,  (>'  i9. 

 pig-iron,  experiments  on,  863. 

Howell,  J.  B.,  his  "homogeneous  metal," 

TLL 

Hudson  Iron  Company,  working  of  circular 

furnaces  of,  489. 
HumboMtilite,  slags  approximating  to,  498. 
Huntsman,  B.,  introducer  of  cast-steel,  828. 

 ,  his  flux  of  bottle- gla.«,  840. 

Hath  and  Co.'s  rolled  puddled  steel,  7!) 2. 
Huy,  red  ore  at,  2M, 

H  yd  rated  sesquioxide  of  iron,  lfi ;  oxide  of 

silicon,  88. 
Hydrochloiate  of  chloride  of  silicon,  87. 
Hydrochloric  acid,  action  of,  on  cast-iron, 

142, 

Hydrogen,  siliciuretted,  85. 

 ,  action  of  carbon  upon  iron  in  atmo- 
sphere of,  106. 

 and  iron,  143.;  action  of  dilute  sul- 
phuric or  hydrochloric  a«id  on  cast-iron, 
143. 

Hydrosiderum,  6JL 
Hypcrferric  phosphate,  7_L 


IgelstroM  on  iron-smelting  in  Finland,  325.' 
Ilmenite  and  red  hamatite,  551. 
Ilva  (Elba),  steel-making  in,  809. 
Immersion  of  malleable  iron  in  molten  cast- 
iron,  807. 

Implements  for  assaying,  232;  crucible  and 

crucible-mould,  237  ;  furnace  tongs,  238. 
Inde  basin,  iron-works  in,  574. 
India,  iron-smelting  in,  21*4. ;  in  Orissa,  256. 

261  ;  Nonkreem  valley,  262  ;  Teudukera, 

258.  2Ji& ;  Burma,  270. 

 ,  books  relating  to,  254. 

 -,  commercial  details,  2flfL 

India  House,  analysis  of  wootz  from,  775. 

776. 

Indian  furnace,  260. 

 Museum,  blowing-machines  in,  25JL 

  wootz,  Damascus  sword-blades  made 

from,  860. 

Indirect  extraction  of  iron  in  tire  state  of  cast- 
iron  from  the  ore,  349. 
International    Exhibition,    1851,  metallic 
sponges  in,  335. 

 ,  puddled  steel,  79^  122. 

-,  Krupp's  steel,  837. 


-,  1862,  wolfram  steel  in,  193, 
-,  magnetic  iron-ore  from  Canada,  198. 
-,  Swedish  lake  ores,  322, 
-,  Chenot's  process,  336. 
-,  model  of  Ulverstone  furnace,  420. 
-,  drawing  of  hopper  on  furnace,  470. 
-,  rectangular  furnaces,  490. 
-,  furnace  cadmia,  510. 
-,  spiegeleisen,  535. 
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International  Exhibition,  1862,  Belgian  sheet - 
iiv>n,  730. 

 ,  K-rnlev  iron,  733. 

 ,  >outh  Staffordshire  iron,  735. 

.  Swedish  (rat-plates,  738. 


ajroour- plates,  740,  741. 
-,  coorerting-furnace,  768. 
**  homogeneous  metal, 
Styriau  sort  he*,  786. 


rolled  puddled  steel,  792. 
granulated  metal;*,  803. 

 ,  Swedish  Uchatius  steel,  803. 

 ,  cast-cteel  furnace,  83iL 

 ,  Krupp's  steel,  837. 

 ,  east-steel  on  wrought-iron,  &5JL 

Irox,  physical  properties,  L 

 ,  pure,  Jj  2j,  113. 

 ,  wrought,  L.   «Stse  Wrought-iron. 

 ,  specific  gravity,  L  2» 

 ,  elertro-deposited,  2±  JL 

 ,  Bessemer,  4_,    See  Bessemer. 

 ,  magnetic,  4_.    See  Magnetic. 

 ,  welding  of,  5*    See  Welding. 

 ,  action  of  hint  on,  5.  ;  of  ammonia,  5J> : 

acids,  113 ;  sea- water,  146. 
 ,  "  burnt,"  6, 

 ,  crystalline,  ft.    See  Crystalline. 

 ,  fibrous,  8»  735. 

 ,  bar,  9j  599,  768. 

 ,  atomic  weight  of,  13. 

 ,  chemical  properties,  UL 

 and  oxygen,  13^   iSre  Oxygen. 

 ,  pyrophoric,  13, 

 ,  s|*cular,  Itij  11^. 

 ,  micaceous,  liL 

 ,  scale,  17,  2_L 

 ,  sheet,  2_L    See  Sheet-iron. 

 and  water,  2&  22. 

 ,  prevention  of  rust  on,  22* 

 and  sulphur,  2iL    See  Sulphur. 

 pyrites,  3JL    See  Pyrites. 

 and  nitrogen,  ML    See  Nitrogen. 

 ,  malleable,  nitrogen  in,  ii, 

 ,  passivity  of,  6lL 

 and  phosphorus,  60.    See  Phosphorus. 

 and  arsenic,  LL    See  Arsenic. 

 and  Mlit-on,  9_L    &w  Silicon. 

 and  boron,  lol. 

 and  cnrlion,  102.    See  Carbon. 

 ,  cementation  process,  103.  See  Ce- 
mentation. 

-      and  hydrogen,  106,  143. 

 ,  manganese,  and  carbon,  1 15. 

 ,  alloys  of,  147.    See  Alloy*. 

 i  ores  of,  197.    See  Ores. 

 ,  assaying,  232.    See  Assaying. 

 ,  direct  extraction  of  in  the  malleable 

state  from  tlte  ore,  2M.    See  Smelting. 

— — ,  smelt  ne  of",  'J 54.    .See  Smelting. 

 ,  cast,  349.    See  Cast-iron. 

 ,  indirect  extraction  of  in  the  state  of 

cast -iron  from  the  OTP,  349. 

  blast-furuaces,  350.   See  Blast-furnaces. 

 ,  anthracite,  380.    See  Anthracite. 

 "lags,  4J£7_    See  Slags. 


KAISER-FRANZ. 

Iron,  pig,  532.    See  Pig-iron. 

 ,  malleable,  production  from  cast-iron, 

579. 

 (Swedish),  for  English  steel  market,  597. 

 ,  refined,  626.    &e  Refined  iron. 

 ,  puddling  of,  627.    See  Puddling. 

 ,  working  of  the  ball,  693. 

 ,  sheet,  particular  varieties  of,  725.  See 

Sheet-iron. 

 ,  slit  rods,  730. 

 special  qualities  of,  732. 

 ,  miscellaneous  observations  on,  742. 

 ,  prices  of  British  merchant-iron,  750. 

,  plans  of  iron- works,  761. 

 ■,  production  of  steel  by  addition  of  car- 
bon to  malleable  iron,  764  ;  by  partial  de- 
carburization  of  cast-iron,  779  ;  by  fasten 
of  pig-iron  with  malleable  iron,  BQZ. 

 strength  of,  863.    See  Tenacity. 

 ,  sketch  of  the  history  of, 

 ,  the  Age  of,  873. 

 ,  determining  combined  carbon  in,  8_9J ; 

by  colouration-test,  892. 

Iron-amianthus  from  Olsberg,  508. 

Ironmasters,  meeting  of,  to  consider  Mr. 
Cort's  claims,  632. 

Iron-marks  (Swedish),  737. 

Iron-rails,  manufacture  of,  722. 

Iron-iings  of  ancient  Britain,  877. 

Ironstones,  black  band,  203,  734. 

Iron -works,  plans  of,  761. 

Isle  of  Wight,  argillaceous  ore  in,  202. 


J. 


Jackson's  steel,  nitrogen  in,  56. 

James  on  loss  of  iron  iu  slag,  504. 

 on  reduction  of  coal  in  making  pig-iron, 

 on  permanent  expansion  of  cast-iioo, 

872. 

Janover  on  action  of  phosphorus  on  iron  and 

sulphur,  23 ;  of  sulphur  on  cast-iron,  LIL  ; 

of  phosphorus  on  iron  with  carbon  and 

sulphur,  137. 
Jars  on  the  Stuckofen,  327.329. 
Japanese,  Bessemer-process  forestalled  by,  £15. 
Jauerburg,  spi**geleisen  from,  533. 
Jeffreys  on  volatilization  of  silica,  509. 
Jellicoe,  A.  and  S.,  their  transactions  with 

Mr.  Cort,  630. 
Jerna  iron-ores,  553. 
Jessop,  cone  applied  to  furnace  by,  471. 
Johnson  and   Calvert,  experiments.  See 

Calvert  and  Johnson. 

  and  Matthey's,  melting  platinum  at,  8» 

Joule's  alloy  of  iron  and  mercury,  174. 


KachciiX  iron,  26JL 

Kaiser-Franz  furnace  (Styria),  blast-furnace 
gases  st.  432.  438. 
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RARSTNERI8CIIE. 

"  Kiirntnerische  Lb'scharbeit,"  611. 

*•  Kiirntnerische  Rohstahlarbeit,"  78*;. 

Kaisten  on  phosphorus  in  iron,  iLL 

 on  cirbniet*  of  iron,  111. 

 on  spiegeleisen,  1 L8_. 

 on  airbon  in  iron,  L23_;  amount  deter- 
mined by  temperature,  126,  129,  1 30. 

 on  action  of  sulphur  on  irou  mid  carbon, 

131. 

 on  iron,  with  copper,  148  ;  tin,  Ltil  ; 

lead,  168 ;  antimony,  170 ;  bismuth,  170  ; 
silver,  175 ;  magnesium,  197 ;  calcium, 
197. 

 ,  rinc  in  pig-iron  found  hy,  15-1- 

 on  titanium  in  cast-iron,  164,  16_5_. 

 on  adding  alumina  to  cast-iron,  185. 

 on  the  Stiickofen,  326-328.  330. 

—  on  slag  from  Peitz,  •  from  Siegen, 
50JL 

 on  charcoal  in  Siegen  process,  612. 

 ■  on  Paal  steel  process,  790. 

■  on  expansion  of  steel  by  hardening,  849. 
Keir's  compound  metal,  156. 
Keller,  M.,  on  blocks  of  iron  found  in  Switzer- 
land, 8_7JL 
Kerl  on  spiegeleisen,  119. 
Kidney  ore,  199. 

Kilns,  burning  tap-cinder  in,  671. 
Kimball's  steel  process,  801. 
Kircher  on  steel-making  in  Klba,  809. 
Kirkaldy,       on  streugth  of  iron  and  steel, 

12,  862,  8Jik 

 ,  his  book  recommended,  862. 

Kish  from  blast-furnace,  511. 
Kiss's  "Amazon"  cast  nt  Lauchhammer, 569. 
Klasek  on  slag  from  Kothau,  503. 
Knowles  and  Buxton's  water  twyers,  429. 
Kolberlstahl  by  Carinthian  process,  789. 
Konigshiitte  (Prussia),  blast -furnaces  at,  565 ; 

puddled  steel  from,  799. 
Kopp  on  dilatation  by  heat,  5. 
Kramer  on  electro-deposited  iron,  3_. 
Kreuzburger  Hiitte  (Prussia),  charcoal-furnace 

at,  567. 

Krilowski  on  cupriferous  cast-iron,  1 53. 
Krnpp's  steel,  56,  796,  ajJZ;  cast-steel  gun, 

aaz. 

Kumaon,  iron-smelting  in,  26JL 
Kunkerai,  iron-smelting  furnace  at,  '261. 

L. 

La  Chapelle  (Haute  Sadne),  ore  from, 
457. 

u  La  Cloirc,"  analysis  of  iron  plates  of,  741. 
Laissey  (Doubs),  ore  from,  4.">S. 
Lake  ores  of  Sweden,  &c.,  201,  321 ;  smelt- 
ing, 

— -  and  bog  ores,  pig-iron  from,  542. 
Lan,  M.,  ou  reactions  in  converting  pig-iron 

into  steel,  661-663. 
 on  puddling  of  steel,  792 ;  cinder  from, 

797. 

Lancashire,  micaceous  ore  in,  2 00. 


LIME. 

44  Lancashire"  charcoal -finery  in  Sweden, 
591,  597. 

Lancaster,  C.  \V\,  on  damaskeening  gun- 
barrels,  860. 

Lancefield  Forge  Co.,  Condie  hammer  at,  700. 

Lang,  his  treat  meat  of  tap-cinder,  743. 

Langberg  on  blast-furnace  gases,  431. 

Laplace  ou  dilatation  by  heat,  5, 

La  Providence  (Belgium),  slag  from,  498. 

Lu  Iner's  '  Cabinet  Cyclopaedia,'  article  on 
Steel  in,  809. 

I^issaigne's  test  for  detecting  nitrogen  in  iron 
and  steel,  &i« 

I.auchhamraer  (Saxony),  blast-furnaces  at, 
569. 

Laurent  on  cementation,  103. 

  on  crystals  of  zinc  containing  iron,  155. 

Lavoisier  ou  dilatation  by  heat,  2, 
Laxholm,  P.,  on  osmund  furnace,  320. 
Layard,  Mr.,  metal  tools  from  Nineveh,  874. 
Lays  Iron-works  (near  Dudley),  syphon-pipe 

oven  at,  402. 
Lead,  protoxide  of,  with  protosulphide  of  iron, 

36  ;  with  bisulphide,  42. 
■  alloyed  with  iron,  1 68. 

 ,  bath  of,  for  tempering  steel,  854. 

Leblanc  on  poison  of  carbonic  oxide,  530. 
Lecco  (Lombnrdy),  finery  process  at,  ti  1 
Lehrkiud  aud  Co.'s  puddled  steel,  7 
Lemcry's  artificial  volcanoes,  3J2, 
Lenne-slates  smelted  in  Prussia,  573. 
Leonhard  on  silica  in  hearth-bottoms,  508. 
  on  garnet  from  blast-furnace,  510. 

■  on  phosphoric  acid  in  slag,  510. 
Le  Play  on  cementation,  10JL 

 on  Chenot's  process,  335. 

 on  puddling  with  dried  wood  in  Carin- 

thia,  fifiiL 

 on  Bcnj  Huntsman,  82JL 

 on  41  steely  proj>ensity  "  of  iron,  852. 

Lesley,  Prof.,  on  anthracite  furnace,  380. 
L'Esperance  (Belgium),  blag  from,  501. 
Lever-hammer  for  working  the  ball,  693. 
Levick,  Mr.,  on  hardening  rails  with  tin,  161. 

 on  economizing  waste  gas,  410. 

 ,  his  circular  blast-furnace,  490. 

 on  blast-furnace  slag  as  a  Mux,  520. 

 on  reduction  of  coal  in  making  pig-iron, 

558. 

■  on  boilers  of  pudd ling-furnaces,  6JLL 
Lewis  on  iron  and  nitre,  2iL 

 on  softening  cist- iron,  805. 

Lias,  iron-ore  from,  202^  221^  235^  890- 
Liebig  on  protoxide  of  iron,  15_;  carbides  of 
iron,  122, 

 on  Wolfs  alloys  of  nickel  with  iron 

and  steel,  122. 
Liege,  failure   in  alloying   cast-iron  with 

copper  at,  153. 

 -,  alloying  iron  and  tin  nt,  163. 

 ,  red  ore  at,  200. 

Liegnitz  'Prussia),  blast-furnaces  in,  5iilL 
Lilleshall  Iron-works,  coke  from,  896. 
Lime  and  iron,  sesquioxidc  of,  1_9_. 
 with  protosulphide  of  iron,  3_J_, 
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Lime,  phosphate  of,  and  carbon,  action  of 
iron  on,  7J  ;  with  free  silica,  23. 

 used  in  assaying,  2 

 for  limestone  as  q  rlux,  518. 

Limestone  for  side*  of  bed  in  puddling  fur- 
nare,  669. 

Limonite,  200. 

Lincolnshire,  brown  hrmatite  in,  201. 
Lindauer  on  slags,  501.  619. 
1  inear  dilatation  by  heat  of  iron,  5* 
I.ippitxbnch,  puddling  and  reheating  furnaces 

at,  saa. 

Liquation  of  silicate  of  protoxide  of  iron  and 

phosphorus,  100. 
Liquids  for  tempering  steel,  852. 
Lister,  !  'r.,  communication  to.  on  malleable 

iron  direct  from  the  ore,  598. 
 ,  on  steel,  8Q9. 

Litharge  for  desulphurizing  pig-iron  in  pud- 
dling. Hi. 

Livingstone,  Dr.,  iron  articles  presented  by, 
to  Museum  of  Practical  Geology,  276. 

— —  on  iron-foundry  at  Angola,  277. 

Lock  hart,  I»r.,  on  Chinese  cast-iron  utensils, 
747. 

Logan  on  Canadian  magnetic  iron-ore,  198. 

Lomhardy  finery  process,  612. 

Longmaid's  alloy  of  iron,  with  copper,  149  ; 
tin,  162  :  nickel,  172;  silver,  175 ;  pla- 
tinum, 179. 

Loss  of  iron  in  blast -furnace  slag,  504, 

Low,  C,  his  rast-steel  process,  802. 

Lowe,  (i.,  artificial  cubic  iron-pyrites,  4_L 

Lower  on  use  of  iron  by  ancient  Htitons, 
876 ;  early  cast-iron,  878.  879. 

Lowest  sulphide  of  iron,  30. 

Ix<wmoor  Iron  Co.,  iron  made  by,  782,  734  • 
armour  plate,  111. 

 ,  puddled  steel  made  by,  793. 

I.ucns,  S.,  his  crucibles  for  cast -steel,  M  4. 

 ,  converting  furnace  for  steel,  765. 

 ,  S.  and  T.,  their  method  of  decarbur- 

ixing  iron,  804. 

•«  Luekige  Floss,"  126. 

I.uvncs,  Due  de,  on  cast  and  damasked  steel, 
i89. 


M. 

Macintosh,  C,  on  carburixation  by  gaseous 
com|>oundtf  of  carbon,  773. 

Madagascar,  ii on-smelting  in,  277. 

Madras  Presidency,  iron-smelting  in,  267. 

Miigdespmng,  cyanide  of  iwtassiam  in  fur- 
nace at,  448. 

Magnesia  in  blast-furnace  slag,  507. 

Magnesium  alloyed  with  iron,  1  '.'7. 

Magnetic  iron-ore,  Canadian,  198. 

 ■  iron-ores,  pig-iron  from,  536. 

 ■  iron  sand,  resemblance  of,  to  chrome 

iron-oie,  198. 

•        oxide  from  sesquioxide  of  iron,    lfi ; 

from  protoxide,  UL 
■         oxide  of  iron,  ^  198;  analysis.  206. 


MART  EX. 

Magnetic  oxide  from  iron  and  water,  29, 

  pyrites,  4JL. 

 shots,  20. 

Magnetite,  IQSL 

Magnetism  of  iron,  4, 

Magnus  on  pyrophoric  iron,  13. 

■■  on  the  trompe  in  Catalan  fot  ge,  292. 
Make  of  iron  increased  by  change  ftom  hot 

to  cold  blast,  42L 
Malabar,  iron-smelting  in,  267. 
Malapane  (Prussia \  iron  furnace  erected  at, 

565 ;  charcoal  furnace,  ">'■'■ . 
Malleability  of  irou  affected  by  phosphorus,  6JL 
Malleable  iron,  nitrogen  in,  55. 
■        iron,  direct  extraction,  254.  598. 
 ■  iron,  production  of,  from  cast,  579. 

Se<<  Finery,  5J9,    Puddling,  £22. 
  iron,  old  process  of  converting  pig-iron 

into,  5_9j[L 

 iron,  steel  by  adding  carton  to,  764. 

  iron  fused  with  pig-iron,  805. 

 iron  immersed  in  molten  cast-it  on,  807. 

"  Malleable  cast-iron,"  805. 

Malouin  on  zincing,  155. 

Ma  ridel  si  o  on  Japanese  iron,  8 1«>. 

Manganese,  silicates  of,  with  protosulpiiide  of 

iron,  3_9_ ;  borates  o£  3.9, 

 slags,  sulphur  in,  39_, 

 with  phosphorus,  13  ;  silicon,  9JJ ;  iron 

and  carbon,  115 ;  iron.  lOo. 

 ,  phosphorus  from  cast-iron  by,  139. 

 and  iron  with  carbon,  action  of  copper 

on,  140. 

and  cast-irons  with  sulphur  and  phu>- 


phorus,  141. 

—  with  cast-iron  and  sulphur,  and  cast- 
iron  and  phosphorus,  141. 

—  in  assay  of  iron-ores,  243. 

— ,  pink  colour  of  slags  ascribed  to,  50JL 
in  blast- furnace  slag,  5c) 7 ;  manganese 


and  sulphur,  5J 

—  alloyed  with  iron  in  blast-furnace,  55JL 
— ,  its  separation  in  puddling.  667. 

—  applied  to  casting  of  steel,  815.  840: 
its  action,  846. 

-,  oxide  of,  for  tempering  steel,  840 : 


steel  wire,  856. 
Manganesiferous  Cornish  ores,  pig-iron  made 

with,  552. 
Manipulat  ion  of  puddling  process,  654. 
Manufacture  of  tails,  l^LL 
Marchand  on  oxide  of  iron,  IA ;  nitrogen  in 

iron,  5_L 

Marguerite's  permanganate  of  potash  a^sav, 
212. 

Mariazell  (Styria),  cyanide  of  potassium  in 

furnace  at,  448. 
Marienhutte,  alloy  of  iron  and  lead  from, 

168. 

Marks,  iron  (Swedish),  737. 

Marten  on  opinions  concerning  the  cold-blast, 

39L 

  on  Ovens:— British  hot-blast,  299; 

"improved  Staffordshire,"  402 ;  syphon- 
pipe,  4JH1;   box-foot   pipe,    4i>i ;  round 
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oven,    413-416  ;  round  box-foot,  417  ; 

oral,  417,  41ft. 
Marten  on  Neil  son's  hot-blast  apparatus.  400. 

 on  Gauntlett's  pyrometers,  4o3. 

Martius,  C,  on  siliciuretteil  hydrogen,  8JL 
44  Mary  Rose,"  guns  from,  147. 
Matteucci  on  magnetic  power  of  iron,  4_. 
Matthiessen  on  electric  conductivity  of  iron, 

2  ;  of  armour-plates,  742. 
Mnvr's  application  of  tungsten  to  cast-steel, 

123. 

  Works,  Stvria,  cast-steel  furnace  at,  836. 

44  Mazeage, "  021. 
Mechanical  puddling,  671. 

 resistance  of  iron  and  steel,  861. 

Mehrhoch  on  hot-blast  ovens,  309. 
Meidinger  on  elect ro-deposi ted  iron,  3, 
Melting-point  of  iron,  JL 

  finery  at  Morfa,  581. 

Men,  number  of,  to  furnace,  in  Staffordshire, 
492. 

Mending  broken  rolls,  744. 

 cast-iron  utensils,  747. 

Menc,  C,  on  blast-furnace  slags,  497. 
Menelaus,  Mr.,  on  lime  as  a  flux,  519. 
  on  explosions  of  blast-furnace,  h2A  ;  re- 
finery, 625. 

■       on  Mr.  Trunin's  death,  531 . 

 on  furnace  charge  and  yield,  555. 

  on  puddliug-furnace  with  boilers  at 

Blaennvon,  690. 

 on  economizing  waste  heat,  69 2. 

 on  shingling  machine,  706. 

 on  Great  Mill  at  Dowlais,  761. 

Mercer  on  sesquioxide  of  iron  and  lime,  20. 
Mei-chant  hars  from  blooms  by  Swedish  forge, 

5JLL 

 iron,  puddled  bar  worked  into,  712. 

 ,  British,  prices  ot,  749. 

Mercury  alloyed  with  iron,  174. 

 used  for  tempering  steel,  8.V2. 

Mersey  Steel  and  Iron-works,  helve  at,  6'.'4. 

   lutmmered  armour-plate,  741. 

 ,  Kiepe's  process,  703. 

Merthyr  Tydvil,  ironstone  with  coal  in,  203, 
204. 

Meugy  on  mending  rolls,  744. 
Meyer's  metal,  Wassereisen  or  Hydrosiderum, 
6.*>. 

Metal  plates,  nusing  in  refinery,  624. 
Metals,  centrifugal  met  hod  of  gi-anulating, 

fto.l. 

Metallic  alloys,  brittlene&s  caused  by  vibra- 
tion, LL 

 baths  for  working  cutlers,  854. 

  sjionge,  335.  766. 

Metallum  Martis,  Dud  Dudley's,  cited,  883. 
44  Methode  Comtoise  "  (finery  process),  6P2  ; 

44  Bourguignonne,"  609  ;  »•  Champenoise," 

609. 

Micaceous  irou-ore,  liL 

Middlesboro'  and  Newcastle  iron,  prices  of, 

750.  7Ji5. 
Mill,  me.ining  of,  defined,  693. 
 ,  great,  at  I)owlai8,  761. 


MUSHET. 

Mills  at  Ebbw  Vale,  20L 
Mill-cinder,  analysis  of,  724. 
Mill-furnace,  712. 

Millwall  Iron-works,  rolled  armour-plates  at, 

ZM ;  mending  roll  at,  745. 
Miller,  I'rof.  W.  A.,  on  extracting  carbon  from 

iron,  111. 

Miller,  Prof.  W.       on  crystals  in  Bessemer 
iron,  4* 

 ,  on  phosphide  of  iron  crystals,  61. 

— — ,  on  crystallized  slag  from  Olsberg,  501. 

 ,  on  garnet  from  blast-furnace,  509. 

Mineral  fuel  for  puddling,  579. 

Missling,  pig-iron  from,  743. 

Mitchell,  8.|  on  use  of  manganese  in  making 

steel,  844. 
Mitscherlich  on  sesquioxide  of  iron,  16. 
Mitterberg  (Tyrol),  spathic  ore  in,  202. 
Mixtures  used  in  puddling  steel,  799. 
M'Kenzie's  elliptical  furnace,  490. 
Mockstahl  by  Carinthian  process,  739. 
Mohr*s  burette  for  solution  of  |»ermanganatc, 

25_L 

Molybdenum  alloyed  with  iron,  195. 

Money-ore  in  Smaland,  322. 

Monk  bridge  Iron-works,  manufacture  of  cast- 
steel  on  wrought  iron  at,  85JL 

Mouklaud  Iron-works,  oven   with  vertical 
horse-shoe  shaped  mains  at,  406. 
,  blast-furnace  garnet  from,  509. 

Morel  and  Co."s  steel-making  process,  792. 

Morfa  Tin-plate  Works,  finery  process  at,  581. 

Morgan,  Mr.  ().,  manuscript  relating  to  early 
manufacture  of  iron  in  South  Wales,  S'jtj. 

Morrison,  R.,  his  patent  for  steam-hammer, 
702. 

Morrison  and  Co.'s  steam  forge-hammers,  098. 
Morveau  on  iron  and  silver,  175. 
Mosander  on  iron  scale,  22. 
Mttsid,  iron-works  near  the,  574. 
Mottled  iron,  116;  crystals  in  mottled  cast- 
iron,  124. 

44  Mountain  cork,"  silicon  resembling,  BJL 

Mouth  of  blast-furnace,  489. 

Mi  nzek  on  sing  from  Eisenerz,  503. 

"  Mii-laarbeit,"  012. 

Mumbles,  near  Swansea,  red  ore  at,  200. 

Muntz's  metal,  1 56. 

Munzkblbvrlstahl  by  Carinthian  process,  789. 
Miisen,  spiegeleiscn  and  spathic  ore  at,  532, 

533  ;  sj>athic  ironstone  from,  57  1. 
Museum  of  Practical  Geologv,  unrusted  iron 

in,  22. 

 ,  b«  ll  of  cast-iron  and  tin,  162. 

 ,  iron-oies  presented  by  Mr.  S.  1L  Black- 
well,  20jL 

— — ,  model  ot  Bromford  puddling-furnace, 
610. 

,  Chinese  mended  cast-iron  pans,  747, 
I4JL 

 ,  converting-furnace,  768. 

Mushet,  D.,  on  alloying  iron  and  copper, 
148. 

,  fusing  copper  with  steel  and  cast-iron, 
ISO, 


d  by  Google 


INDEX. 


MUSHKT. 

Mushet,  I).,  on  black-band  ironstone,  203. 

 ,  on  the  h<»t-b!a>t,  396.  419. 

 .  on  slag  tube  at  end  of  twyer,  426. 

 -,  his  rimes  for  puddling,  652. 

 ,  treatment  of  slag*  rich  in  iron,  743. 

 ,  crucible*  for  cast-steel,  765 

 ,  process  of   making   cast-steel,  77'? ; 

similar  to  Hindoo  method,  778. 

— ,  on  granulating  pig-iron,  803. 

 ,  K.,  his  use  of  titanium  in  manufacture 

of  iron  and  steel,  !'•'»:  of  tungsten  in  cast- 
steel,  134. 

 ,  alloy  of  iron  and  chromium,  188. 

 ,  Improvement  on  Bcssenier's  process, 

814. 


N. 

Na<ik)rk,  iron-smelting  in,  268. 

Nail-makns,  their  method  of  forging,  14  ;  of 
increasing  temjwratuie,  816. 

Nasmyth,  his  methoil  of  puddling,  672. 

— — ,  his  hammer,  695.  698 ;  steam-ham- 
mer, 7ul. 

Nasmyth  and  Haskell's  patent  for  steam- 
hammer,  702. 

Navr  Hoard,  its  dealings  with  Coil  and  Jel- 
licoe,  323. 

Nay  lor,  W.,  his  patent  for  steam-hammer,  702. 
Naylor,  Vickere,  and  Co.'s  couveiting-furnace, 

768. 

 ,  puddled  steel  used  by,  in  making 

Mis,  793. 

Neilson,  J.  H.,  his  patent  for  hot-blast,  394. 
 ,  lirst  apparatus  for  heating  blast,  399 ; 

improved  apparatus,  400. 

,  cast-iron  tubular  oven,  401  ;  syphou- 

pi|w  oven,  402. 
Nerbuddn,  ii  on-smelting  in  the,  268. 
Neutral  tersulphate  oi  iron,  4JL 
Neuwied,  iron-works  at,  573. 
Neville's  forge,  utilizing  waste  heat  at,  69u. 
Newcastle  and  Middlesboro'  iron,  prices  of, 

750.  755. 
New  Jersey,  magnetite  iu,  1'ffl. 

 ,  spiegeleisen  from,  ■*>  >4. 

Newland  furnace,  charge  and  yield  at,  552. 
Newton,  VV.  K.,  his  converting-furnace  for 

steel,  765. 

Nicholson  and  Price's  experiments.  Sec  Price 

and  Nicholson. 
Nickel  alloyed  with  iron,  171. 
Nineveh,  iron  from,  874. 
Nitrate  of  protoxide  of  iron,  57.  ;  of  scsqui- 

oxide,  5_7 ;  crystals  of  sesquioxide,  5JL 
Nitre  and  iron,  26. 
Nitrogen  a  constituent  of  steel,  ML 

  in  cast-iron,  5J  ;  cast-iron  and  steel, 

51 ;  malleable  iron,  steel,  and  cast-iron,  5JL 

 and  silicon,  8JL 

 ,  its  poisonous  effect,  529,  531. 

 ■-  and  iron,  5j>;  nitrate  of  protoxide,  bl ; 

of  .sesquioxide,  58. 
Nit i ozonized  i,on,  5.1 


OVAL. 

Noad,  Dr.,  on  cannon-ball  from  SiDope,  7A 
 .  >>u  hiss  of  iron  in  slag,  3')4 ;  analyst's 

of  blast-furnace  slags,  504 ;  manganese  and 

sulphur  slags,  5_LL 

 on  pig-iron  without  phosphorus,  664. 

Nolluer's  alloy  of  iron  and  tin,  153. 
Noukreem  valley,  iron-smelting  in,  262. 
Nora  (Sweden),  iion-mines,  374. 
Nor  berg  (Sweden),  iron-mines,  374. 
Nordhausen,  sulphuric  acid  of.  42. 
Northamptonshire,  browu  hamatite  in,  201. 
  ore,  pig-iion  f  rom,  540 ;  with  tap  and 

flue-cinder,  542. 
Norway,  magnetite  in,  198. 
Norwich,  attempt  to  utilize  waste  gas  at.  466. 


O. 

Oakes,  VV.,  on  taking  off  waste  gas,  470. 

Oil  from  action  of  acids  on  iron,  143. 

 used  for  tempering  steel,  852,  853. 

Oker  (Harz),  neutral  tersulphate  of  iron  at,4jL 

Oldbury,  slag  like  gehlenite  from,  532. 

Olsberg  (lihiiie),  slags   from,  501  ;  iron- 
am  tan  thus  from,  508. 

Onions,  P.,  his  patent  relating  to  puddling, 
637  ;  compared  with  Cort's  system,  6.S9. 

,  his  use  of  blast  under  grate  with  closed 
ashpit,  685. 

Oolite,  brown  haematites  fiom,  20^  225; 
supplies  of  iron  from,  890. 

Oi  e  ot  iron,  micaceous,  L6_. 

 ,  regulus  from  ore  containing  sulphate  of' 

baryta,  895. 

 ,  size  of,  for  charging  furnace,  483. 

Ores  of  iron,  titanium  in,  164. 

 .  description  of,  122;  magnetite,  125; 

frankliuite,  198 ;  red  hematite,  H)9j 
brown  haematite,  200 ;  sparry  iron,  2itl ; 
clay  ironstones,  202. 

 ,  assaying,  237.    See  Assaying. 

 treated  in  Catalan  forge,  281. 

 ,  powdered,  bricks  of,  566. 

 ,  tap-cinder  smelted  with,  743. 

 ,  ample  supplies  of,  890. 

 ,  estimation  of  phosphorus  in,  832. 

  (British),  analyses,  204 ;  of  maenrttc 

oxide,  206,  224  ;  red  ha-matites,  206, 224 ; 
brown  haematites,  207,  224 ;  spathic  car- 
bonates, 210, 223 ;  argillaceous.  211.  227. 

  Prussian),  seldom  occur  with  coal,  564; 

description  of  ore,  566  ;  ores  of  Upper 
Silesia,  564.  567. 

  (Swedish),  lake  and  bog,  222;  ores 

employed,  373 ;  at  Dannemora  and  Pers- 
berg,  373  ;  ores  employed  at  Finspong,  553. 

Orissa,  iron-smelting  in,  256,  261. 

Osemund  flnery  process,  619. 

Osmium-indium  alloyed  with  iron,  L&L 

Osmund  furnace,  22lL 

Ostlund's  process  of  puddling,  689. 

Ougive  Iron-works  (Belgium ),  fluxes  ol  lno* 
ami  limestone  at,  518. 

Oval  oven,  417. 
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Ovens,  cast-iron  tubular,  401  ;  syphon  pipe, 
402;  improved  Staffordshire,  402 ;  box- 
foot  pipe,  404  ;  spiral  pipe,  4Qh ;  pi|ie- 
within-pipe,  405 ;  with  vertical  horse-shoe 
shaped  mains,  406  ;  ga*-oven,  4M  ;  round, 
llii ;  round  box-foot,  416  ;  oval,  417. 

Oxidation  of  iron  in  puddling  process,  6_5Ji. 

 of  silicon  in  refining,  659. 

Oxide,  cnrl>ouic.    See  Carbonic  oxide. 

 ,  fenic,  subphosphate  of,  7JL 

 -,  hyd rated,  of  silicon,  8JL 

  of  iron,  reduction  of  silica  by  carbon  in 

presence  of,  tf2j  magnetic,  198,  206. 

 ,  magnetic,  from  protoxide,  16_j  from 

sesquioxide,  IjL 

 .  of  iron,  20, 

  of  manganese  for  tempering  steel,  840  ; 

steel  wire,  856. 

 ,  red,  of  iron,  liL 

Oxland,  R„  alloys  of  tungsten,  192. 

Oxygen  and  iron,  13j  protoxide,  L5 ;  sesqui- 
oxide, lii  ;  hydrated  sesquioxide,  L8  ; 
sesquioxide  of  iron  and  lime,  IS;  magnetic 
oxide,  ;  iron  scales,  21 ;  velvet  scale,  23; 
ferric  acid,  24_» 

 dissolved  by  iron,  15, 

Oxysulphide  of  iron,  43. 

Ozann's  copper  medals,  fi* 


P. 

I'aal  steel  process,  790,  807. 

Pmidle  for  manipulating  pig-iron,  646. 

Pakka  iron,  269. 

Palladium  alloyed  with  iron,  180. 
Palmerston,  I.ord,  his  peasion  to  Cort's  son, 

632. 

Panizzi,  Mr.,  his  translation  from  Bhinguccio, 

Park,  Mungo,  on  iron-smelting  in  Africa, 

t  273. 

Parkes  on  Lucas's  cast  cutlery,  805. 

Park  field   Furnaces  (Wolverhampton),  oval 

oven  at,  417. 
Park -gate  Iron-works,  curious  slag  from,  506. 
Parkman  on  carbonate  of  sesquioxide  of  iron. 

142. 

Pany,  G.,  on  sulphur  in  slags  with  man- 
ganese, 3JL 

on  silicides  of  iron,  04^ 
on  change  from  hot-blast  to  cold,  424. 
t  cup  and  cone  first  used  by,  471  ;  use  of 
cone  at  Cylartha,  ILL 

on  charging  furnaces,  484. 
on  ascent  of  gaseous  current,  486. 
~  on  best  foi-m  of  blast-furnace,  487  ; 
hlowing-in  furnace,  491. 
'       ou  manganese  and  sulphur  in  slags, 
512. 

-  on  lime  as  a  flux,  520. 

on  explosion  of  refinery,  625 ;  present 
system  of  refilling,  625. 

on  silicon  and  sulphur  in  pig  and  re- 
fined iron,  626. 


PATENTS, 

Parry,  G.,  his  iron  free  from  phosphorus,  664. 
 ,  cost  of  his  twice-puddled  iron,  (jOh. ; 

patent  for  process,  663. 

 ,  his  steam-refinery,  667. 

— -,  on  making  puddled  steel,  79_4-7JE6_. 

 ,  his  carburized  iron,  807. 

 ,  his  experiment  on  decarburizing  by 

atmospheric  air,  812. 

 ,  his  manufacture  of  iron  and  steel,  824. 

 on  steel  with  manganese,  847. 

Passivity  of  iron,  6JL 

Patent  laws,  their  obstructive  tendency,  796. 
Patents  (Bradley,  &c),  heating  with  access 

of  air  tribasic  silicate  of  protoxide  of  iron, 

100. 

 (Longmaid),  alloy  of  iron  and  copper, 

  (Craufoid),  coating  iron  vessels  with 

zinc,  15ji ;  (Morewood),  15JL 

  (Kcir),  combining  iron,  copper,  and 

zinc,  136;  (Atch),  1 56. 

 ■  (Longmaid,,  adding  tin  to  cast-iron 

during  puddling,  162. 

  (Stirling),  **  Union  Metal,"  162. 

 ■  (Mushet),  use  of  titanium  in  making 

iron  and  steel,  165. 
 (Longmaid),  alloying  iron  with  ho- 
moeopathic doses  of  silver,  175  ;  with  gold 
or  platinum,  179.  180. 
  (Mushet),  mixture  of  pulverized  pig- 
iron,  &c,  in  making  cast-steel,  188. 

-,  use  of  tungsten  in  cast-steel,  194. 


*  £J  —  ~  —  —  — ^  ~      f       -  t 

  (Clay),  making  wrought -iron  direct 

from  the  ore,  331, 

 ,  Chenot's  process,  337. 

-  ■  —  (Neilson),  improvements  in  hot-blast, 

394. 

 ,  employment  of  wrought  coil  as  a 

twyer,  422* 

 (Dawes),  collection  of  cyanide  of  potas- 
sium from  iron-smelting  furnaces,  447. 

  (Aubertot),  utilization  of  waste  gas, 

463. 

— —  (Teague),  utilizing  waste  heat  of  blast- 
furnaces, iM ;  (Budd's),  466. 

 (Oakes),  taking  off  waste  gas,  470. 

1  (Smith),  economical  application  of 
blast-furnace  slag*,  516 ;  (Payne),  517  ; 
(Chance),  5J8, 

  (Calvert),  use  of  chlorine  in  smelting 

iron,  520. 

 (Cockshutt),  refinery  process,  625. 

 (Cort),  puddling  process,  627;  grooved 

rolls,  629. 

 ( Payne),  grooved  rolls,  635. 

 (Cranage),  making  pig-iron  in  rever- 

beratory  furnace,  030. 
— —  (Onions),  puddling  process,  637. 

 (Gardner),  iron  bottoms  for  puddling- 

furnaces,  653. 

 (Taylor),  improved  air-furnace,  653. 

 (Parry),  producing  iron  free  from  phos- 
phorus, 665. 

(Tooth),   mcchauical  puddling,  fi7_2; 


(Nuamyth),  072. 
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PATEN  r8. 

Patents  (Siemens),  gas  puddling-furnaco,  673. 

 (l*etmold>,  applying  bhist  under  grate 

with  closed  ashpit,  085 ;  (Onions),  08">. 

 (Siinencourt),   improved  puddling-fur- 

naee  with  air  for  combustion  previously 
heated,  885. 

■  (Taylor),  stamping  and  assorting  pud- 
dled balls,  888. 

  for   st<  tin  -  hammers,   701  ;  (Watt), 

701 ;  (Deverell),  701 :  (Nasmvth),  701 ; 
(Condie),  701j  (Wilson),  70'2 ;  (Na- 
smyth  and  Gaskell),  702 ;  (Morrison), 
102;  (Naylor),  ZM;  (Rigby),  102 ;  (Fou- 
taineraoreau),  702. 

 (Hartop),  squeezers,  704. 

  (Ralston),  horizontal  rotary  squeezers, 

708. 

 (Thomeycroft),  vertical  rotary  squeez- 
ers, 106;  (Arrowsmith),  ZPJi;  (Abbot, 
&c.),  108. 

 I  Brown),  shingling  machine,  700. 

 ( Mushet),  treating  slags  rich  in  iron, 

Z43. 

 (Lucas),  making  cast-steel  in  crucibles, 

704  ;  (Mushet),  70S. 

— —  (Lucas),  use  of  converting  furnaces  for 
steel,  705 ;  (Newton),  765. 

 (Macintosh),  carburization  by  gaseous 

compounds  of  carbon,  773. 

  (Mushet making  cast-steel,  77d. 

— —  (Vickers),  direct  production  of  cast- 
steel,  128. 

 (Howell),  "  homogeneous  metal,"  777. 

 (Riepe  '.,  puddled  steel,  793. 

 (Collins),  puddling  steel,  795. 

—  for  <;  Schafhiiutrs  patent  powder,"  799. 

— —  (Kimball),  use  of  cyanogen,  &c.  in  pud- 
dling steel,  fiiU;  (Holland),  gOJ  ;  (Boul- 
let),  801;  (Brooman),  801 ;  (Thomas), 
801 ;  (Biuks\  8£LL 

 ( Uchatius),  steel  process,  802* 

 (Woods),  granulating  pig-iron,  803. 

 (Lucas),  decarburizing  pig-iron  by  ce- 
mentation, 804. 

■  (Price  and  Nicholson),  melting  refined 
pig-iron  with  wrought-iron,  800. 

.  (Brown),  fusing  bar-iron  with  charcoal 
pig-iron,  806. 

 (Attwood),  melting  malleable  iron  with 

cast-iron,  806. 

—  (Martien),  decarburizing  iron  by  at- 
mospheric air,  810;   (Bessemer*!.),  812- 

815.  aia. 

(Mushet),  adding  spiegeleisvn  to  Besse- 


mer's  metal,  814. 

—  (Parry),  manufacture  of  iron  and  steel, 
824. 

—  (Heath),  use  of  manganese  in  casting 
steel,  810;  (Keynolds),  843. 

—  (Horsfall),  tempering  steel  wires,  854; 
(Smith),  855. 

—  (Sturtevant),  for  use  of  "  sea-coale  or 
pit-coale"  for  working  iron,  882 ;  (Ro- 
venzon),  882;  (Dud  Dudlcv>,  88:<;  (Cop- 
ley), 885. 


PHOSPHORUS. 

Pay  en  on  preserving  iron  from  rust,  28* 
Payne,  J.,  on  utilizing  slags,  517  ;  his  grootel 

rolls,  £35. 
Pearl-ore  in  Smaland,  322. 
Pearson,  l>r.,  on  wootz,  775,  776. 
Peitz,  slag  from,  503. 

Pdligot  on  protochloride  of  iron,  1  ;  sesqui- 
oxide  and  lime,  12. 

Pennsylvania,  magnetite  in,  138. 

Penny  s  bichromate  of  potash  assay,  246,252. 

Pentwrch  Iron-works,  refinery  at,  025;  douMe- 
puddling  furnaces,  071. 

 manufacture  of  charcoal-plates  at,  125; 

coke-plates,  729. 

Percy,  J.,  experiments  on  tungsten.  It*? ; 
alloys  of  tungsten,  192. 

 ,  on  iron  from  Nineveh,  875. 

Pemi,  cupriferous  cast-iron  in  copper-smelt- 
ing at,  153. 

 ,  rectangular  furnaces  in,  490. 

Permanganate  of  potash  assay,  249. 

Perrault  on  expansion  of  steel  by  hardening 
848. 

Perry  and  Sons'  round  box-foot  oven,  416. 
Persbei-g  (Sweden),  iron-mines,  373,  374 ; 

pig-iron,  553. 
Petiing  iron-ores,  55'}. 
Peters  on  ores  used  at  Miisen,  533. 
Pet  in,  Caudct,  and  Co.'s  armour-  plates,  741. 
Pfort  on  taking  off"  gases  at  Yeckerhagen,  409. 
Phillips,  R.,  on  nail-making  in  Bimiin^haro. 

LL 

 ,  on  rust  from  iron  with  zinc  and  tin,  2*. 

 ,  T.,  on  phosphate  of  protoxide  of  iron, 

68. 

Phosphate  of  protoxide  of  iron,  68 ;  triba?*c 

phosphate,  £fi;  with  ammonia,  10;  of  srs- 

quioxide  of  iron,  7JL. 
 ,  hyperferric,  II ;  qnadri ferric,  II :  ses- 

quiterric,  7_L 
 of  lime  and  carlmn,  action  of  iron  -t, 

II  ;  with  free  silica,  73, 
Phosphide  of  iron,  60,  fil ;  with  silicid*,  95. 
Phosphides  of  iron,  list  of,  84, 
Phosphoric  acid,  reduction  of,,  in  blast-furnace, 

512  ;  by  hot  and  cold  blast,  515  ;  raluctka 

affected  by  alumina,  516. 

 acid  in  tap  cinder,  542. 

Phosphorus,  large  crystals  induced  by,  2, 
 •  and  iron,  60;  phosphides,  6<Mio  ;  d- 

phosphide,  63* 
■ —  ,  action  of  sulphur  on,  66^  Z3 ;  ^f 

fluoride  of  calcium,  81;  carbon,  67. 

 phosphates,  68,    Sec  Phosphate. 

 —  affects  strength  of  iron,  £lL 

 ,  action  of,  on  iron  and  sulphur,  13. ;  oa 

iron  with  carbon  and  sulphur,  137. 

 and  manganese,  7_3» 

 and  protoxide  of  iron,  silicate  of,  !<>>. 

 not  expelled  from  iron  by  sulphur  ia 

presence  of  carbon,  138. 

 from  cast-iron  by  manganese,  1 39. 

 and  sulphur,  cast-irons  with,  141. 

 and  feast-iron  with  cast-iron  and  sulphui. 

and  manganese,  141 . 
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PHOSPHORUS. 

Phosphorus  in  assay  of  iron-ores,  243. 

 passiug  into  pig-iron,  512 ;  eliminated 

from  pig-iron,  51  6. 

 ,  its  effect  on  puddled  balls,  658. 

 -,  iron  without,  by  use  of  scrap  wrought- 

iron,  664. 

 ,  its  elimination  in  puddling,  6C3 ;  not 

eliminated  by  air,  663 ;  nor  in  Bessemer- 
process,  8is. 

 ,  estimation  of,  in  iron  and  steel,  893. 

l*hysical  properties  of  iron,  1» 

Pianoforte  wire  in  wet  assay,  215. 

"  Pickling"  in  tin-plate  process,  726. 

Pierre  on  phosphnte  of  protoxide  of  iron,  6iL 

l*ig  and  sow,  origin  of  terms,  4il3_ 

"  Pig-boiling"  process,  669. 

Hg-irou,  silicon  in,  145,  537. 

,  action  of  sea- water  on,  lift, 

 ,  zinc  in,  154. 

,  silica  on  surface  of,  50ft. 

 ,  phosphorus  passing  iuto,  512 ;  elimi- 
nate! from,  510. 

,  analyses  of,  532,  535 ;  from  magnetic 
iron-ore,  536  ;  red  ha;matite,  536  ;  brown 
haematite,  538 ;  red  and  brown  haematite, 
53°* ;  micaceous  red  and  brown  haematite, 
540 ;  Northamptonshire  ore  and  tap  and 
flue  cinder,  540-542 ;  lake  and  bog  iron- 
ores,  542 ;  argillaceous  iron-ore  of  coal- 
measures,  543 ;  Cleveland  ore,  55Q ;  ml 
haematite,  ilmenite,  and  Belfast  ore,  551  ; 
manganesiferous  Cornish  ore,  552. 
,  reduction  of  coal  in  making,  558. 

 ,  removing  carbon  from,  by  fining,  579. 

 converted  into  malleable,  old  process, 

59JL 

 ,  cost  of,  by  Fratiche-Comte  finely  pro- 
cess, 608. 

  (cold-blast  charcoal)  treated  by  hot- 
blast,  609. 

  in  thin  discs  in  Carinthian  finery,  61 1. 

 and  refined  iron,  silicon  and  sulphur  in, 

626. 

 ,  molten,  tools  for  manipulating,  646. 

 ,  grey  and  white,  treated  in  puddling- 

furnace,  £5JL 
 ,  removing  carbon  from,  in  puddling, 

658  ;  removing  silicon,  659. 

 ,  reactions  in  converting,  into  steel,  661. 

 desulphurizing  in  puddling  by  lithaige, 

 preferred  for  tin-plates,  725. 

 from  tap-cinder,  analyses  of,  ZUL 

 ,  puddled  steel  from,  792^  221. 

 ,  granulation  of,  803. 

 ,  decarburization   of,  by  cementation, 

804  ;  by  blowing  air  through,  810. 

 fused  with  malleable  iron,  805. 

 •,  hot  and  cold  blast,  experiments  on,  863. 

 ,  determining  by  colouration-test  com- 
bined carbon  in,  HI'-'. 

 ,  estimating  phosphorus  in,  893 ;  sul- 
phur, 821. 

Pigments  from  sesquioxide  of  iron,  LZ. 

Piling  of  puddled  bars,  720. 


PROTOSULPHIDE. 

Pink  slag,  506. 
Pipe-witnin-pipe  oven,  405. 
Pit-coal,  smelting  of  iron  with,  873  ;  its  earlv 
use,  881. 

Pittsburg,  U.  S.,  manufacture  of  steel  at,  38 1 . 
Plans  of  iron-works,  761. 
Plates,  boat,  7_3_8  ;  armour,  739. 

 ,  steel,  strength  of,  868.  870. 

 ,  tin,  725;  charcoal,  725 ;  coke,  729. 

 ,  wrought-iron,  strength  of,  868.  S>i9. 

Plntiniferous  cast-iron  of  Savoy,  180. 
Platinum,  welding  of,  7 ;  alloyed  with  iron, 

Plattner  on  sulphate  of  iron,  42. 

Playfair  and  Bunsen's  experiments.  Sec 
Bunsen  and  Playfair. 

Pliny  on  water  for  tempering  steel,  852 ;  on 
oil,  S5JL 

Pious,  blast-furnace  silica  in,  508. 

Plot  on  smelting  iron  with  coal,  885. 

Poggendorff,  ferrate  of  potash  obtained  by,  25. 

Poisoning  by  gas  from  blast-furnace,  526. 

Pombal.  Marq.,  ruins  of  his  foundry  at  An- 
gola, 212. 

Pommera  ( Prussia),  blast-furnaces  in,  569. 
Pompton  pig-iron,  mixed  with  franklinite, 

199. 

Pont  l'Evfique,  temperature  of  blast-fumacc 
at,  454. 

Pont-y-Mister  Tin-plate  Works,  fining  process 
at,  586. 

Pontypool,  taking  off  gases  at,  468,  470. 

 ,  use  of  cup  and  cone,  470. 

 ,  tin-plate  process,  7'J,">. 

Poor  slags  (finery),  6 1 

Portsmouth  Dockyard,  accident  in,  21L 

Potash  in  blast-furnace  slag,  507. 

 ,  carbonate  of,  with  protosulphide  of  iron, 

36 ;  in  blastfurnace,  452. 

 ,  ferrite  of,  15. 

Potassium  alloyed  with  iron,  196. 
Pouillet  on  melting-point  of  iron,  5, 
Poumnrede  on  crystals  of  iron,  _L 
Powder,  grey,  in  u  grease-pot,"  728. 
Powle,  1L,  on  iron-works  of  Forest  of  Dean, 

590,886. 

Price,  Dr.,  on  sulphur  in  iron,  736;  in  coke, 

895. 

Price  and  Nicholson  on  iron  and  phosphorus, 
72 ;  phosphoric  acid  in  slag,  512  ;  phos- 
phorus in  pig-iron,  515* 

 on  oxidation  of  silicon  in  refining, 

Baa, 

 ,  manufacture  of  cast-steel,  806. 

Prices  of  British  merchant-iron,  749. 

Priestley,  Dr.,  on  use  of  finery  cinder,  742. 

Prinsep,  Mr.,  on  permanent  expansion  of  cast- 
iron,  872. 

Protochloride  of  iron,  reduction  of,  L 

Protosulphide  of  iron,  3_L 

 exposed  at  high  temperature  to  hydro- 
gen, 33 ;  vapour  of  water,  33. 

— —  heated  with  carbon,  31 ;  sesquioxide  of 
iron,  35  ;  sulphate  of  protoxide  or  sesqui- 
oxide of  iron,  36 ;  protoxide  of  lead,  3ii;  car- 
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PROTOSULPHIDE. 

botiatc  of  potash,  3fi  ;  charcoal  and  baryta, 
iiZ;  other  metallic  sulphides,  32;  silica, 
2S ;  silica  and  carbon,  £&  ;  alkaline  silicates 
or  borates,  39. ;  silicates  or  borates  of  man- 
ganese, 39. ;  with  silicide,  fl5. 

Protosulphide  roasted  with  access  of  air,  49. 

Protoxide  of  iron,  15* 

 ,  magnetic  oxide  from,  UL 

 ,  sulphate  of,  with  protosulphide  of  iron, 

36. ;  description  of  the  sulphate,  43, 

 ,  nitrate  of,  57, 

 ,  phosphate  of,  6fi ;  tribasic,  £9  ;  with 

ammonia,  70, 

 arsenite  of,  22  ;  arseniate,  2S, 

  and  silica,  9_fi ;  silicate  of,  reduced  by 

carbon,  OS  ;  tribasic  silicate,  1 00. 

 and  phosphorus,  silicate  of,  100. 

 and  boracic  acid,  101. 

 ■,  carbonate  of,  14]^  142^  201.  202. 

 ,  deep  green  in  slags  due  to,  506. 

 of  lead  with  protosulphide  of  iron,  36  ; 

with  bisulphide,  42, 
  of  manganese,  leck-greeu  in  slags  due 

to,  50JL 
Prussia,  blast-furnaces  of,  564. 
Prussian  government  competes  with  private 

firms,  566. 
Prussian  Saxony,  blast-furnaces  in,  568. 
Puddle  rolls,  Cort's  patent  for,  629  ;  descrip- 
tion of  puddle  rolls,  708. 
Puddled  halls,  effect  of  phosphorus  on,  l>5ji ; 

stamping  and  assorting,  688. 
  bars,  composition,  2ii9_ ;  working  into 

merchant-iron,  7_L2  ;  piling,  720. 

 iron,  yields  of,  221, 

  steel  and  iron  bars,  tenacity  of,  794 ; 

analysis  of  steel,  799. 
Puddlers,  wages  of,  636. 
Puddling,  mineral  fuel  for,  579. 
 for  converting  cast-iron  into  wrought, 

57JL 

— — ,  description  of  process,  {122;  theory, 

65S. 

 ,  fluxes  for,  fi5SL 

— — ,  removing  carbon  from  pig-iron  by, 
G.-.8. 

 ,  elimination  of  sulphur  and  phosphorus 

in,  fifti. 

 ,  separation  of  manganese  in,  667. 

 ,  boiling  process,  669. 

 ,  mechanical,  671. 

 ,  application  of  waste  gas,  673. 

 ,  with  wood  fuel,  686. 

 ,  stamping  aud  assorting  puddled  balls, 

688. 

 ,  Ostlund's  process,  689. 

 ,  utilizing  waste  heat,  689. 

 -,  working  the  ball,  693. 

 -,  or  puddle  rolls,  708. 

— — ,  working  puddled  bar  into  merchant 

iron,  7_LL 

 ■  pig-iron,  use  of  litharge  for,  712. 

  steel,  29J  ;  cinder  produced  in,  797 ; 

modifications  in  process,  799. 
 ,  ueod  for  improvement  in,  890. 


REAUMUR. 

Puddling-furnaces,  wear  and  iepair,  647. 
  at  Bromford,  fi4Jl ;  Ebbw  Vale,  £42 ; 

Blaina,  650. 

 »  with  sides  of  bed  cooled  by  water,  fiSQ. 

 ,  invention  of  iron  bottoms  for,  652. 

 ,  manipulation,  634. 

■  ~,  slags  from,  668. 

 •,  limestone  for  sides  of  bed  of,  fifift, 

 .double, 671;  Siemens'* gns furnace. 673. 

 improvements  in,  6_8_5;  blast  under 

grate  with  closed  and  ojwn  ashpit,  >.«.'> ; 

air  for  combustion  previously  heated  ic 

furnace,  686. 

 ,  utilizing  waste  heat  from,  689. 

"  Puddling  mine"  in  puddling-furnace,  554. 

Pulverulent  iron,  carburization  of,  766. 

"  Pumice,  furnace,"  515. 

Puppa,  iron-manufacture  at,  270. 

Pure  iron,  approximation  of  wiought-iron  to, 

1 ;  from  electrolysis,  2  ;  cai  bou  in,  113. 
I'yrites,  iron,  gold  in,  3JL. 

 ,  description  of,  4& 

 ,  natural,  by  the  wet  icay,  41 ;  artificial 

cubic,  41. 

 ,  magnetic,  4JL 

 .,  iron  filings  melted  with,  Ki2. 

Pyrites.    Sec  Sulphur. 
Pyrometers,  403. 
Pyrophoric  iron,  12, 

Quadri FERRIC  phosphate,  7_L 
Quantz  on  the  Stuckofen,  329. 

E, 

Rabble  for  manipulating  pig-iron,  646. 
Rachette  furnaces,  490. 
Radnor  Forges,  Canada,  bog-iron  ore  smelted 
at,  2QL 

Rails,  manufacture  of,  222;  Ctrt  etod  for, 

7_22. 

Rail-mills  of  South  Wales,  squeezers  in,  704. 

Railways,  breakage  of  iron  on,  12, 

Ralston,  (.J.,  his  horizontal  rotary  squeezers, 

Z0JL 

Rammelsbeig  on  "  cube-ore,"  22 ;  franklinite, 
1£2  ;  spathic  ores,  2ol. 

 formula  for  gehlenite,  503. 

■        on  slag  from  Rubeland,  503. 

 on  cinder  from  rcheating-furnace,  724. 

Rauch's  M  Frederick  the  Great "  cast  at 
Lauchhammer,  569. 

Raw-steel  processes,  229. ;  Siegen,  779 ;  Sy- 
rian, 783;  Carinthian,  786  ■  Paa]  steel 
process,  790. 

Reactions  in  converting  pig-iron  into  steel, 
661. 

Reaumur  on  carburization  of  bar-iron.  768. 

 ,  his  method  of  softening  iron,  804. 

  manufacture  of  steel,  806 ;  expansion 

of  steel  by  hardening,  S48,  fr4!>. 
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RECTANGULAR. 

Rectangular  furnaces,  490. 

Red  hamatite,  129 ;  pig-iron  from,  536  ; 

and  ilmenite,  551. 
Red  ore,  199. 
Red  oxide  of  iron,  16. 

Redtenbacher  on  cyanide  of  potassium  in  fur- 
nace, 448. 

Reduction  of  protochloride  of  iron,  1. 

 of  silica  by  carbon  in  presence  of  oxide 

of  iron,  92, 

 of  silicate  of  protoxide  of  iron  by  car- 
bon, 9JL 

  of  phosphoric  acid   in  blast-furnace, 

5J2. 

  of  ores  at  one  operation  for  making 

bteel,  764. 

Refined  iron  and  pig-iron,  silicon  and  sulphur 
in,  626. 

 treated  in  puddling-furnnce,  658. 

 ,  puddled  steel  from,  792 ;  cast- 
steel,  S'.Hi. 

Refinery  in  blast-furnace, or  "distillation  pro- 
cess," 515. 

—  or  running-out  fire,  581. 

■  at  Bromfoid  Iron- works,  Q21+ 

 — ,  raising  metal  plates  in,  624. 

 ,  use  of  salted  coke  in,  6_2JL 

 slags,  composition  of,  £2iL 

 ,  steam,  at  Ebbw  Vale,  667. 

Helming,  history  of,  625. 

 ,  explosions  during,  625. 

— —  iron,  oxidation  of  silicon  in,  659. 
Refudi  by  Carinthian  process,  789. 
Regenerative  furnaces  (Siemens'*),  428. 

  gas  puddling-furnace  (Siemens'*),  673. 

—  ,  saving  of  fuel  in,  fi&L. 

Regenerators  in  Siemens's  gas  puddling-fur- 
nace, 674. 
Regnault  on  specific  heat  of  iron,  5. 

—  ■  on  Chenot's  process,  343. 

 on  dilatation  by  heat  of  gases,  426. 

Regulus  from  iron-ore  containing  sulphate  of 

baryta,  895. 
Reheating  by  chafery,  590. 
Reheating  furnaces  with  coal- fuel,  712  ;  with 

gaseous  fuel,  716  ;  cinder  from,  724. 

■   in  Cai  inthia,  688. 

Reichenstein,  arsenide  of  iron  fiom,  74. 
Remedies  for  poison  from  blast-furnace  gas, 

532_ 

Reuton's  process  for  iron-smelting,  334. 
Resistance,  mechanical,  of  iron  and  steel,  861. 
Restormel,  brown  haematite  at,  20JL 
Returns  of  Prussian  Iron-works,  57JL 
Reutenhau  (Moravia),  iron  by  Bohemian  pro- 
cess in,  618. 
Reverbemtory  furnace,  fusion  of  steel  in, 

am* 

Reversing  rolls,  709. 

Reynolds,  R.,  on  Cort's  puddling,  636. 

 ,  W.,uscs  manganese  in  making  steel, 

843. 

Rhenish  Prussia,  iron-works  in,  569. 
Rhind,  A.       on  early  use  of  iron  in  Egypt, 
87jL 


ROLLI.VG-MILL8. 

Rhine,  blast-furnaces  in  country  on  the,  569. 

Rhodium  alloyed  with  iron,  180. 

Richard,  T.,  on  the  Catalan  process,  278, 281. 

288-290,  292,  296-299,  305.  306,  3u8. 

3  1 2. 

Richardson  on  biarsenide  of  iron,  7_5_» 

 on  protoxide  of  iron  and  silica,  9_6« 

 on  reduction  of  silicate  of  protoxide  of 

iron,  9JL 

on  boracic  acid  and  protoxide  of  iron, 


1DJ  ;  and  sesquioxide,  101. 

 on  action  of  copper  on  iron  and  manga- 
nese with  carbon,  140. 

 on  alloying  irou  with  copper,  149 ;  an- 
timony, 1211 ;  nickel,  171. 

Riche's  fusion  of  tungsten,  1*8. 

Rich  slags  (finery),  620. 

Richter  on  spiegeleisen,  1 19,  533. 

 on  crystallized  silicon  in  pig-iron,  145. 

 on  blast-furnace  gases,  432. 

— — -  ou  desulphurizing  pig-iron  by  litharge, 
712. 

Riepe's  process  of  making  steel,  792,  79,1. 

Rigby,  \V„  his  steam-hammer,  7« 

Riley,  E.,  on  welding  ci  ystalline  iron,  7_* 

 on  silicon  in  pig-iron,  9JL 

 ,  his  discoveries  of  titanium,  165. 

 on  Duffryn  brass,  203. 

 on  deposit  from  gas-culvert,  472. 

— —  on  slags — analysis,  498  ;  loss  of  iron  in, 
504 ;  phosphoric  acid  in,  512  ;  refinei-y 
slags,  ti2ii;  tap-cinder,  QQQ ;  cinder  from 
re-heating  furnace,  724. 

 on  "  sjiathose  pig,"  534. 

 on  spiegeleisen,  535. 

 ou  titaniferous  pig-iron,  547,  551. 

 on  puddled  bars,  709. 

 on  production  of  cast-steel  in  crucibles, 

Riley  and  Sons'  blast-furnace,  explosion  in, 
5iL 

Rinmann  on  nllov  of  iion  with  copper,  147, 

148;  tin,  152 ;  lead,  LSS. 

 on  expansion  of  steel  by  hardening,  849. 

Rittinger  on  Chenot's  process,  336. 

Rivet-iron,  strength  of,  871. 

Rivois  charcoal  finery,  66 1  -663. 

Roasting  sulphides  of  iron  with  access  of  air, 

4JL 

 in  Carinthian  process,  611. 

— —  of  tap-cinder,  saving  by,  743. 
Robiquet  on  iron  and  carbon,  1  _'  '■ . 
Rods,  slit,  ZiHL 

Rogers,  E.,  on  charcoal  iron,  590. 

 ,  S.  B.,  on  invention  of  refinery  process, 

&2JL. 

 ,  invents  iron  bottoms  for  puddling-fur- 

naces,  652. 
-,  his  death,  6."»4. 


Rohnitz  finery  process,  618. 

"  Rohnitzer  Arbeit,"  618. 

Rolled  armour-plates,  739  ;  puddled  steel, 

792. 

Rolling,  its  effect  on  crystalline  structure,  10. 
Rolling-mills,  accidents  in,  121. 
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ROLLS. 

Rolls,  grooved  or  puddle,  £22 :  puddle,  7J}fl ; 
roughing-down,  709  ;  finishing,  709  ;  re- 
versing, 709. 

 ,  mending  broken,  741. 

Roman  iron-works  in  Britain,  876. 

Roper,  R.  S.,  on  furnace  charge  and  yield,  Ji5JL 

Rose,  on  crystalline  structure  developed 
by  solvents,  tL 

 ,  on  sesquioxide  of  iron,  16. 

— — ,  on  ferric  acid,  24.  ;  phosphoric,  6JL 

 ,  on  protosulphide  of  iron,  3JJ  ;  phos- 
phide, OIL 

 ,  ou  blast-fuiuace  silica,  507. 

Rostaing,  Baron  de,  his  granulated  metal, 
803,  SQjL 

Rosthorn,  Baron,  his  sterro-metal,  157. 

Rotary  squeezers,  horizontal  and  vertical,  706. 

Rothau,  slag  from,  503. 

Rouge,  17. 

Rough ing-down  rolls,  709. 
Roughing-hole,  collection  of  slag  in,  492. 
Round  oven,  410  ;  box  foot,  416. 
Rovenzon,  his  smelting  of  iron  with  coal, 

Rowley  Hill-,  utilization  of  trap  rock  of,  ;>1  s. 

Roy  on  dilatation  by  heat,  i 

Royal  Arsenal,  Woolwich,  experiments  at, 
86_L   See  Abel. 

Royal  Board  of  Iron  Trade  on  osmund  fur- 
nace, 320. 

Royal  School  of  Mines,  cyano-nitride  of  tita- 
nium in,  51 1.  See  Museum  of  Practical 
Geology. 

Rubelaud  (Harx),  slag  from,  503 ;  blast- 
furnace silica,  507. 

Ruhr,  blast-furnaces  in  country  on  the,  569. 

Rum  ford,  Count,  on  mending  Chinese  cast- 
iron  vessels,  747. 

Runderoth  (Prussia),  iion-works  at,  573. 

Running-out  fire  or  refinery,  581 ;  at  Brom- 
ford,  62L 

Run  steel,  805. 

Russell's  Hall  Iron-works,  blast-furnace  at, 
361  ;  round  oven,  4lo  ;  cylindrical  fur- 
nace, 476 ;  blast-furnace  with  circular 
hearth,  ±2±L 

 ,  slags  from,  497,  498,  500. 

- — — ,  furnace  charge  and  yield,  554. 

Russian  sheet-iron,  730 ;  analysis  of  iron,  7_3jL 

Russians,  iron  for  rails  preferred  by,  7  -  1, 

Rust,  electro-deposited  iron  kept  without,  2_. 

 ,  ammonia  in,  22* 

 from  action  of  water,  22. 

 promoted  by  tin,  28. ;  retarded  by  zinc, 

28,  155. 

 ,  preparation  for  preventing,  28;  pre- 
vented by  case-hardening  with  arsenic,  23 ; 
by  zincing,  15_iL 

Rustrel  (France),  utilization  of  waste  gas  at, 
465. 

a 

Saau  basin,  iron-works  in,  .r>74. 

Sagey  on  the  Coi-sican  pieces?,  317,  31 Q. 


MBHEIDKB. 

Saint  Stephen,  gas  from  furnace  at,  438 ; 

temperature  of  furnace,  1  '>•>. 
Sal-ammoniac  fiom  blast-furnace,  475. 
Salem,  iron-smelting  in,  2li2. 
Siiiine  fluxes  for  puddling,  652  ;  solutions  for 

tempering  steel,  853. 
Salt,  its  use  in  puddling  steel,  799. 
Salted  coke  in  making  cable-iron,  626. 
Salts  of  iron.   See  under  Carbonate,  Nitrate, 

Sulplmte,  &c. 
Salzburg  finery  process.  61  ■*>. 
"  Salzburger  Sinter- Arbeit,"  615. 
Sampling  in  assay  of  iron-ores  -39. 
Sand,  as  a  flux,  Q ;  for  bed  of  puddling-fur- 

nace,  (352. 
Sand-bed  for  casting,  493. 
Sandberg  on  Che  not*  s  process,  340,  341,  344. 

34A 

—  on  the  hot-blast,  421.  427. 

 on  poisoning  by  blast-furnace  gas,  53 1 . 

 ,  his  translation  from  Prof.  Eggeitx,  891. 

Sanderson,  E.  F.,  his  information  on  steel, 

736. 

 -.  on  carburizing  bar-iron,  768. 

 his  cast-steel,  with  and  without  man- 
ganese, 84JL 

Samistone,  how  affected  in  hearth-bottoms, 
518. 

"  Sauer  "  in  Carinthian  steel  process,  787. 
Sauvage  on  blast-furnace  explosion,  525. 
Savart  on  irou  and  nitrogen,  51. 
1  Saving  of  fuel  by  hot-blast,  426. 
Savoy,  platiniferous  cast-iron  from,  180. 
Saxony  (Prussian),  blast-furnaces  in,  568. 
Sayu  (Prussia),  Royal  Iron-works  at,  573. 
"  Scaffolding  "  svstem  of  blowing-in  furnaces, 

491.  4^L 
Scale,  iron,  17,  21 ;  velvet,  23. 
Schafhiiutl  on  nitrogen  in  cast-iron,  5_L 

 on  graphite  in  iron,  115. 

 on  spiegeleisen,  L12» 

 ou  gas  from  Ystalyfera  furoat*,  467. 

 ,  his  patent  powder  for  puddling  steel, 

232. 

 on  fracture  of  steel,  851. 

Schaller  Erbstolln  (Saxon  Voigtland),  spathic 

ore  in,  202. 
Scheele  on  oxidation  of  iron  and  sulphur,  3JL 
 on  siderum,  65. 

Scheerer  on  welding  iron  fiee  from  carbon,  6_. 

  and  Laiigberg  on  blast-furnace  gases, 

431. 

Scheurer-Kestuer  on  nitrate  of  sesquioxide  of 

iron,  5JL 

 on  passivity  of  iron,  §0. 

Schifl"  on  hydrated  sesquioxide  of  iron,  IS. 
Schlegel  and  Miiller  on  mixture  for  puddling 

steel,  799. 

Schleidener  Thai  (Eifel)  Iron-works,  575. 
Schmalkalden,  Stiickofen  in,  227. 
Schnabel  on  iron-amianthus,  508. 

 on  Stahlberg  ironstone,  571. 

 on  puddled -steel  cinder,  797. 

Schneider  and  Hannay's,  taking  on*"  cases  at. 
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Schneider  and  Hannay,  produce  fi-om  their 
blast-furnaces,  490. 

Schbiibein  on  jn.-si  vit  y  of  iron,  fiiL 

 ,  his  alloy  of  iron  and  mercury,  1 74. 

Schi  otter  on  diphosphide  of  iron,  6_ii, 

 on  action  of  acids  on  cast-iron,  143. 

«•  Schwallarbeit,"  610. 

Schwaner  on  iron-smelting  in  Borneo,  _  7 : .' . 

Schwarzenberg  '  Prince),  his  steel-works,  7 Of). 

Scotch  pig-iron  mixed  with  frankliuite,  I '■>:). 

  W.irk-Uui.l  ironstone,  202,  20jL 

 twyer,  4tt9. 

 iron,  prices  of,  752.  7_5iL 

Scott,  Dr.,  on  wootz,  775. 

Scrap-iron  employed  in  mnking  steel,  824. 
■  wrotight-iron  for  producing  iron  with- 
out phosphorus,  664. 

Scrivenor  on  discovery  of  splitting  process,  731. 

Scythes  (Styrian),  786. 

Sea-water,  action  of,  on  pig-iron,  14'?. 

Seend  furnaces,  cadmia  fiom,  510. 

Sefstrom  on  manganese  and  silicon,  9_L 

 on  iron  and  carbon,  lift. 

 on  graphitic  carbon  in  grey  iron,  1 30. 

 ,  the  discoverer  of  vanadium,  195. 

 ,  his  blast-furnace,  2li7_ 

Senarniont  on  hydiated  sesquioxide  of  iron,  1&. 

 on  carbonate  of  protoxide  of  iron,  111. 

Serai ng,  blast-furnace  gases  at,  433,  438. 

 -,  gobbing  up  of  furnace  at,  495. 

 ,  slag  from,  501. 

Sesquiferric  phosphate,  7_1 ;  arseniate,  78. 

Sesquioxide  of  iron,  16j  hydrated,  18j  19, 
2U0  ;  anhydrous,  1  99. 

 and  lime,  19. 

 with  protosulphide  of  iron,  35, 

 >  sulphate  of,  with  protosulphide  of  iron, 

3JL 

— —  sulphate  of,  40^ 

 ,  nitrate  of,  al ;  crystals,  5_9_ ;  phosphate 

of,  70 ;  arseniate,  78±  silicate,  100  ;  car- 
bonate, 142. 

 and  boracic  acid,  101. 

 ,  silicon  from  cast-iron  by,  14". 

Sesquisulphide  of  iron,  .'..i. 

Shaft,  cylindrical,  in  blast-furnace,  476. 

Shale  used  in  assaying,  239. 

Shaw,  G.,  drawings  of  round  oven  prcpaied 
by,  411 ;  of  squeezers,  703.  706. 

Shear,  origin  of  the  term,  8.')'.'. 

Shear-steel,  859. 

Sheet-iron,  particular  varieties  of,  725. 

  tin-plates,  725;  charcoal-plates,  725 ; 

black-plates,  726 ;  coke-plates,  729. 

  Belgian,  7_30_;  Russian,  730. 

 slit-rods,  730. 

Sheffield,  Swedish  iron  used  in,  597,  736. 

Shelton  Colliery,  Stoke-upou-Trent,  blast  ap- 
paratus at,  28JL 

Shingling,  693. 

Shingling-machine,  706. 

Shoeburyness,  experiments  on  crystalline  frac- 
ture, LL, 

Shortridge  and  Howell's  armour-plate,  741  ; 
"  homogeneous  metal,"  777. 


SILICON. 

Siderum,  6.'». 

Siemens's  regenerative  furnaces,  428 ;  gas- 
puddling  furnace,  673. 

Siegen,  spathic  ore  in,  20JL 

 ,  slag  from,  501.  503. 

 ,  blast- fu maces  in,  56iL 

 ,  important  pig-iron  works  in,  573. 

 finery  process,  612;  raw-steel  tinerv, 

779. 

44  Siegener  Rohstahlfrischnrbeit,"  779. 
44  Siegensche  Kinmnlschmelzerei,"  fi  1 2. 
Siewert  on  tungsten  steel,  104. 
Silesia  (Lower),  blast-furnaces  and  o>es  of, 
567. 

 (Upper),  work  ou  furnaces  of,  recom- 
mended, 567. 

,  fluxes  of  lime  and  limestone  at,  518. 

 ,  iron-ores  of,  564. 

 ,  coke  blast-furnaces  of,  565. 

Silica  with  protosulphide  of  iron,  38 ;  and 
carbon,  iiB, 

 ,  carbon,  and  phosphate  of  lime,  action 

of  iron  on,  73. 
— —  and  protoxide  of  iron,  9JL 

 ,  spiegeleiseu  heated  with,  139. 

 used  in  assaying,  238. 

 ,  production  of,  in  blast-furnace,  .*>(>7. 

 ,  fibrous  in  hearth-bottoms,  5'.»8. 

 on  surface  of  pig-iron,  509. 

 ,  volatilization  of, 

Silicate  of  protoxide  of  iron  reduced  bv  car- 
bon, 9JL 

 of  sesquioxide  of  iron,  100. 

 ,  tribasic,  of  protoxide  of  iron,  100. 

 of  protoxide  of  iron  and  phosphorus, 

100. 

Silicates,  alkaline,  with  protosulphide  of  iron, 
3J} ;  silicates  of  manganese,  39. 

Silicide  of  iron  with  phosphide,  25;  with 
protosulphide,  95. 

Siliciuretted  hydrogen,  go^ 

Silicon,  8jj ;  atomic  weight,  80 ;  amorphous, 
80;  graphitoidal,  83j  octahedral,  84j  sili- 
ciuretted hydrogen,  85 ;  hydiochlorate  of 
chloride,  til ;  hydrated  oxide,  88* 

  with  aluminium,  8Ji;   nitrogen,  82; 

manganese,  9JL 

 ,  crystals  of,  8A. 

 and  iron,  9JL 

 :  reduction  of  silica  by  carbon  in 

presence  of  oxide  of  iron,  22, 

 :  silicide  of  iron  heated  with  phos- 
phide, 25  :  with  protosulphide,  9_5j 

 -:  protoxide  of  iron  and  silica,  2lL 

 :  reduction  of  silicate  of  protoxide 

by  carbon,  2$ ;  silicate  of  sesquioxide,  100  ; 
tribasic  silicate  of  protoxide  heated  with 
access  of  air,  100 ;  liquation  of  silicate  of 
protoxide  with  phosphorus,  100. 

 ,  action  of,  on  iron  and  carbon,  130. 

 from  cast-iron  by  sesquioxide  and  man- 
ganese, 140. 

 in  pig-iron,  145.  537  ;  and  refined,  626 ; 

removing  from  pig-iron  in.  puddling,  659, 
660. 
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Silicon,  its  use  in  Bessemer-process,  817. 
— —  in  steel,  847. 
Silk  waste  used  in  steel -making,  801. 
Silver,  powdered,  cohesion  of,  S. 

 and  iron,  113  ;  steel,  176,  177. 

Simencourt,  M.  <le,  his  arrangement  of  pud- 

dling-furnace,  686. 
Sinaitic  remains,  black  slag  from,  874. 
Sinope,  cannon-ball  from,  76. 
Size  of  material  for  charging  furnace,  4 H . ? . 
Sjogreen,   C.  W.,  on  Swedish   lake  ores, 

322. 

Sjogren,  slag  from,  503- 

Slack,  utilizing  in  puddling-fiimaces,  G86. 

"  Slag,  bull-dog,"  11ML 

Slag  of  lead  and  iron,  alloy  of,  169. 

 ,  collection  of,  in  rough ing-hole,  492. 

 affected  by  fuel,  496. 

 ,  working  of  furnaces  shown  by,  496. 

 ,  quality  of,  for  steel-making,  784. 

 produced  in  puddling  steel,  797,  798. 

800. 

Slags  of  manganese,  sulphur  in,  39. 

 ,  blast-furnace,  43  ;  loss  of  iron  in,  304 ; 

spontaneous  disintegration,  506 ;  contain- 
ing magnesia,  manganese,  titanic  acid,  pot- 
ash, hill',  phosphoric  acid,  512. 

1        adapted  for  fluxes,  240. 

 in  Catalan  piocess,  306,  309  ;  Corsican, 

317. 

 ,  from  Kdsken  (Sweden),  374.  500 ;  from 

Russell's  Hall,  500;  Siegen,  501,  5U3; 
Seraing,  501  ;  Olsberg,  501 ;  Rothau, 
Peitz,  Sjogren,  Riibeland,  Vienville,  and 


Eisenerz,  5_0_3;  Staffordshire,  505 ;  Lom- 
bards, 614. 

— — ,  analyses  of,  497. 

 according   to    formula     K'OVSiO*  + 

2(3KO,SiO»),  497  ;  to  formula  fP&&Ot 
+  3''2CnO,SiO»;,  500;  approximating  to 
aluminiferous  augite,  bill ;  to  formula  of 
gehlenite,  502. 

 ,  different  colours  in,  498 ;  indication 

by,  505 ;  pink  colour  ascribed  to  manga- 
nese, 506. 

 from  charcoal  furnaces,  503. 

 .  tii.tnganese  and  sulphur  in,  512. 

 ,  economical  application  of,  514L 

 ,  patents  for  utilizing,  5 16-5 18. 

  used  as  a  flux,  520. 

——  in  finery  processes,  614.  619  ;  compo- 
sition, £2& 

 (tap-cinder),  analyses  of,  668. 

 from  reheating  furnace,  724. 

 from  gas-welding  furnace  at  Wasseral- 

fingen,  7_24j 

  rich  in  iron,  treatment  of,  742. 

 from  Horn  an  iron-works,  876. 

— ,  iron,  found  in  Cheviot  Hills,  877. 
See  also  Tap- cinder. 

Slag-bath  or  tire-sap,  fiOJL 

Slag-bottom  finery  process,  610. 

Slag-tube  on  twyer,  426. 

Slate,  his  modifications  in  blast-furnaces,  386. 

"Slips"  in  blast-furnace,  494. 


SPATHIC. 

Smiland,  lake  ores  in,  322 ;  blast-furnace*, 
422. 

Smeaton,  on  dilatation  by  heat,  5. 
Smelting  of  iron,  diiect  process,  254. 

    in  India,  254. ;  Borneo,  273 ; 

Africa,  275  ;  Madagascar,  277. 

   by  Catalan  process,  278  [gee 

Catalan  procesw)  ;  Corskun,  313. 

 bv  Osmund  furnace,  320  ;  Sttick- 

ofen,  319, 32JL 

 by  Clay's  process,  332  ;  Kenton's, 

334 ;  Chenot's,  335  ;  Yates's,  M3. 

 in  Sweden,  373. 

with  anthracite,  in  United  S t .  r  -  r 


3SJL 

of  tap-cinder,  743. 
of  iron  with  pit-coal,  873. 
indirect  process,  349  ;  bhtst-fui- 
naces,  350.    See  Blast-furnaces. 
Smith,  1>.,  on  ferric  acid,  24-26. 

 ,  on  Clay's  process,  '£10. 

 ,  J.,  improvement  on  round  oven,  417. 

■,  R.,  on  electro-deposited  iron,  2. 

 magnetic  shots,  2jji, 

 iron  scale,  22^ 

—  protosulphide  of  iron  heated  with  sul- 
phide of  lead,  37_. 
,  arsenide  of  iron,  7JL 
 ,  reduction  of  silica  bv  carbon,  23. 


 — ,  alloys  of  iron  aud  cobalt,  173 ;  iron 

and  chromium,  186. 

 ,  abstracts  from  Prof.  Eggerti,  891 . 

— — ,  regulus  from  iron-ore  containing  sul- 
phate of  baryta,  895. 
 -,  Richard,  his  collection  of  Sonth  Staf- 
fordshire iron,  7.  >."». 

 ,  W.,  on  tempering  steel-wire,  855. 

W.  H^  on  utilization  of  slags,  5J«L 


Smyth,  Prof.,  wolfram  steel  brought  fit>m 

Vienna  by,  4.L 

 on  Chenot's  process,  33JL 

Soap,  its  use  in  tempering  steel,  K.'>4. 
Soda,  fernitc  of,  23. 

 with  protosulphide  of  iron,  3fL 

  present  in  coal,  511. 

 used  in  puddling  steel,  800,  801. 

Softening  of  iron,  Reaumur's  method,  804  ; 

cast-iron,  805. 
Softness  of  iron  below  melting-point,  3. 
Solvents,  crystalline  structure  developed  by, 

8. 

Somersetshire  spathic  ore,  202. 
Soiuienschein  ou  alloy  of  iron  and  lead,  1 68. 
Soonwald  (Prussia)  Iron-works,  574. 
Sorel's  unoxidizable  cast-iron  or  white  biuss, 
139. 

South  Kensington  Museum,  Swedish  boat- 
plate  in,  739. 
South  Staffordshire.   See  Staffordshire,  South . 
South  Wales.    See  Wales,  South. 
South  Yorkshire.    See  Yorkshire,  South. 
Sow  iron,  origin  of  term,  493. 
Spanish  Armada,  guns  from,  147. 
Sparry  iron,  141^  201^  225. 
Spathic  carbonate.    See  Sparry  iit>n. 
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SPATOOSE. 

Spathose  iron.    See  Sparry  iron. 
*'  Spathose  pig,"  analysis  of,  534. 
Specific  action,  zones  of,  in  blast-furnaces, 
43& 

Specific  gravity  of  iron,  1 ;  of  electro-depo- 
sited, 1 ;  sesquioxide,  li> ;  steels,  &4JL 

Specific  heat  of  iron,  JL 

Spectrum  analysis  of  flame  in  Bessemer-pro- 
cess, 817. 

Specular  iron- ore,  16j  in  volcanoes,  16  ; 
cast-iron,  llfl. 

Speise  found  in  dry  assay,  IiL 

Sphssrosiderite.    See  Sparry  iron. 

Spiegeleisen,  1  IS. 

 heated  with  silica,  139. 

 •,  anrJyses  of,  532. 

 -,  charcoal  employed  for,  571 . 

 used  in  raw-steel  process,  781. 

 >,  its  value  in  puddling  steel,  796  ;  steel 

made  from,  806. 

 ,  Bessemer-process  improved  by,  814. 

Spiral-pipe  oven,  405. 

Splitting  process,  731. 

Sponges,  metallic,  >  '•'>. 

Squeezers  for  working  the  ball,  G9J1;  cro- 
codile, 703 ;  rotary,  705 ;  shingling  ma- 
chine, 706. 

Staffordshire,  argillaceous  ore  in,  202. 

 oven,  improved,  402. 

 twyers,  4J9. 

 -,  use  of  term  "  sulphur  w  in,  525. 

 iron,  prices  of,  750.  754. 

 >  South,  number  of  men  to  furnace  in, 

492. 

-  i  furnaces,  slags  from,  497.  505. 

 ,  puddling-furnace  in,  640. 

 ,  yields  of  iron  in,  721 ;  inferior 

iron  made  in,  735. 
Stahlberg  (Musen),  spathic  ore  from,  20-' , 

327,  57-L 

Stamp-hammer  for  working  the  ball,  693. 
Stamping  and  assorting  puddled  balls,  088. 
Stanho|>e  furnaces,  no  zinc  in  pig-iron  from, 

154  ;  cadmia  at,  510. 
Steam  refinery  at  Ebbw  Vale,  667. 

 ,  puddling  with  current  of,  067,  07 2. 

 forge-hammers,  695,  701. 

 ,  its  employment  in  Bessemer-process, 

813-824. 

Steel,  nitrogen  in,  50^  51,  55^  5_g ;  carbon, 
102.  112.  LIS, 

 case-hardened  by  arsenic,  7JL 

 ,  qualities  of,  102. 

 made  by  cementation,  103. 

 1  residue  of  graphite  from,  1  L7_ 

 ,  effects  of  copper  on,  1 50. 

 with  copper,  15J ;  tin,  132. ;  silver, 

176. 

,  Brescian,  152. 

 ,  failure  to  introduce  titanium  into,  164. 

 ,  titanic,  167. 

 and  iron  with  nickel,  172. 

 and  silver,  failure  to  alloy  by  cementa- 
tion, 177. 

 ,  tungsten  in,  189.  194. 


STRONTIUM. 

Steel,  manufacture  of,  in  Borneo,  223.; 
Pittsburg,  U.  S.,  38L 

 by  cementation,  gas  first  used  for  mak- 
ing, 463. 

 market  (English),  Swedish  iron  for, 

597. 

 ,  saline  flux  for  improving,  653. 

 ,  reactions  in  converting  pig-iron  into, 

 ,  by  addition  of  carbon  to  malleable  iron, 

764.  . 

 ,  cast.    See  Cast-steel. 

 ,  blister.    See  Blister-steel. 

,  by  partial  decarburization  of  cast-iron, 
778  ;  by  fining  in  hearths,  779  ;  by  pud- 
dling, 7_9_L 

 ,  raw,  779. 

 ,  Uchatius's  process,  802. 

 ,  partial  decarburization  of  pig-iron  by 

cementation,  804. 

 ,  fusion  of  pig-iron  with  malleable  iron, 

8Q& 

 ,  immersion  of  malleable  iron  in  molten 

cast-iron,  807. 
 ,  decarburization  by  blowing  atmospheric 

air  through  molten  pig-iron,  810. 

 ,  Parry's  process,  824. 

 fused  in  reverberatory  furnace,  838. 

 ,  manganese  used  in  casting,  840. 

 ,  hardening  and  tempering,  847. 

 ,  action  of  acids  on,  856. 

 ,  hammering  and  welding,  858. 

 ,  shear,  859. 

 ,  casting,  on  wrought-iron,  859. 

 ,  damaskeening,  860. 

 ,  strength,  861. 

 ,  growing  importance  of,  890. 

 ,  determining  combined  carbon  in,  891  ; 

by  colouration-test,  &9JL 

 ,  estimating  phosphorus  in,  893. 

Steel  ban,   strength    of,  794,  8684  870; 

plates,  8684  870. 
— —  wire,  854. 
Steel-like  Dannemora  ores,  737. 
Steely  iron  by  Catalan  process,  303, 304,  307, 

"  Steirische  Loscharlxit."  fllfL 

Sten  (Sweden  ),  blast-funiace  at,  :u>\K 

Stenbo  iron-ores,  553. 

Stengel  on  sulphur,  silicon,  and  copper,  with 

iron  and  steel,  151. 

  on  Brescian  steel,  L5JL 

Sterro-metnl,  157. 

Steycr,  Condie  hammer  at,  700. 

Stirling's  Union  Metal,  bell  of,  ]£2* 

Stodart,  his  knife  of  wootz,  775. 

Stodart  and   Faraday's  experiments.  See 

Faraday  and  Stodart. 
Stony  grey  cinder  slag  from  Dowlais,  499. 
Storebro  furnace  (SmSland),  hot-blast  at,  421. 
Strap-iron,  strength  of,  809. 
Strength  of  iron  affected  by  phosphorus,  6_4  ;% 

strength  of  iron  and  steel,  861. 
Stromeyer's  alloy  of  iron  and  glucinium,  196. 
Strontium  alloyed  with  iron,  197. 
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STRUVE. 

Strove  on  phosphide  of  iron,  62^  63j  on 

(I i phosphide,  6JL 
Stiickofeu,  iron-smelting  in  the,  255,  310, 

32fi. 

Stuckstahl  by  Carinthian  process,  789. 
Studer  on  garnet  from  blast-furnace,  510. 
M  Stumps  "  for  making  bars  in  fining,  ,r>S0. 
Stui-tevant  on  making  of  iron,  8B2* 
Styria,  slag-bottom  finery  process  in,  610 ; 

Bohemian  process,  fit 5. 
 ,  desulphurizing  pig-iron  by  litharge  in, 

712, 

 ,  steel  process  in,  778 ;  Paal  steel  pro- 
cess, 790. 

 ,  puddled  steel  manufacture  in,  792. 

Styrian  Walloon  finery  process,  599,  602  ; 
Styrian  process,  010 ;  raw-steel  process, 

ZflJL 

 scythes,  78G. 

Subphosphate  of  ferric  oxide,  70. 

Sudre,  M.,  his  fusion  of  steel  hi  reverberatory 
fumace,  838. 

Sulphate  of  protoxide  of  iron  with  proto- 
sulphide  of  iron,  3JL 

 of  protoxide  of  iron,  copperas,  or  green 

vitriol,  43a 

 of  sesquioxide  of  iron,  4fL 

 of  iron,  contact  action  in  forming,  42a 

 ,  prepared,  245. 

— -  of  baryta,  regulus  from  iron-ore  con- 
taining, siLl 

Sulphide  of  iron  by  the  wet  tray,  29.  ;  lowest 
sulphide,  3iL 

 ,  alkaline,  in  ultramarine,  3JL 

Sulphides  of  iron  roasted  with  access  of  air,  4CL 

Sulphur  and  manganese  in  slags,  39,  512. 

 ,  action  of,  on  iron  and  phosphorus,  6JJ  ; 

iron  and  carbon,  L31 ;  grey  iron,  133. 
,  the  cause  of  whiteness  of  iron,  133. 

  and  carbon,  action  of  phosphorus  on 

iron  with,  137. 

 expels  no  phosphorus  from  iron  in  pre- 
sence of  carbon,  138. 

 and  cast-iron  with  cast-iron  and  phos- 
phorus, and  manganese,  141 . 

 in  assay  of  iron-ores,  243. 

 ,  use  of  term  in  Staffordshire,  525. 

  in  pig  and  refined  iron,  626 ;  testing 

for,  in  pig-iron,  824* 

 ,  its  elimination  in  puddling,  063. 

 in  iron,  determination  of,  736. 

 ,  its  efTect  on  blister-steel,  773. 

  not  eliminated  in  Bessemer-process,  818. 

  in  coke,  estimation  of,  895. 

 and  iron,  25  ;  lowest  sulphide,  2Q ;  di- 

sulphide,  3jQ;  protosulphide  {see  Proto- 
sulphide),  31  ;  sesquisulphide,  39 ;  bi- 
sulphide, 4Q  ;  magnetic  pyrites,  42  ; 
oxysulphide,  43;  sulphate  of  protoxide, 
43 ;  neutral  tersulphate,  46 ;  protosulphide, 
42 ;  bisulphide, 

^  ,  with  iron  and  phosphorus,  fifi; 

act  i  oil  of  phosphorus,  7JL 

Sulphuric  acid,  manufacture  of,  43. ;  action  on 
cast-iron,  143. 


TABLES. 

Sulu  finery  process,  619. 
Sussex,  argillaceous  ore  in,  202. 

 ,  early  working  of  iron  in,  876.  877. 

 ,  probability  of  workable  coal  existing 

in,  &8_L 

Svanbeig,  his  atomic  weight  of  iron,  13, 

 -,  analyses  of  Swedish  lake  ores,  324. 

 on  pig-iron,  53JL 

Swansea,  utilization  of  waste  gas  at,  466. 
Sweden,  magnetite  and  bog  and  lake  ore  in, 
2D_L 

 ,  smelting  of  iron  in,  373  ;  ores  used, 

323  ;  calcination,  314 ;  slag,  374. 

 ,  smelting  of  lake  and  bog  ore,  378. 

 ,  difficulties  of  smelting,  379. 

 ,  ore  used  in  small  pieces,  483. 

■  charcoal  finery,  5_9_1 ;  Lancashire  finery, 
597. 

 ,  puddling  with  wood,  fiStL 

 ,  gas-welding  furnace  used,  716. 

 ,  Uchatius  steel  made,  803. 

 ,  colouration-test  for  determining  com- 
bined carbon  used, 

Sweden  borg  on  osmund  furnace,  320-322. 324. 

  on  Swedish  slitting-mill,  132* 

Swedish  iron,  method  of  assaying,  241. 

 ,  ores,  553. 

 by  Lancashire  process,  597. 

 ,  for  English  steel-market,  597. 

 ,  puddled  by  (ktlund's  process, 

689. 

— - —  ,  analyses,  736. 

-  —       — ,  marks,  737. 

 lake  ores,  321 ;  bog  ores,  323. 

  blast-furnace,  369  ;  saving  of  fuel  hy 

hot-blast,  421. 

 forge,  hammer  of,  594.  i 

 for  drawing  out  blooms  into 

merchant  bars,  504 ;  yield,  &c.,  of  char- 
coal, 596. 

 finery,  charcoal  consumed  in,  .V.**"?. 

 Walloon  finery  process,  599. 

 splitting-process,  731. 

 boat-plates,  738. 

Switzerland,  blocks  of  iron  found  in,  877. 
Sword-blades  of  Damascus,  860. 
Syphon  pipe  oven,  402 ;  double,  at  Corn- 
greaves,  404. 

T. 

Tabkro  (Sweden)  iron,  vanadium  in,  195: 
iron-mines,  374. 

 ,  magnetite  in,  198- 

Tables: — Heating  protosulphide  of  iron  with 
carbon,  34  ;  silica  and  carbon,  3JL 

 on  iron  and  phosphorus,  72  ;  other  mat- 
ters with  phosphorus,  72 ;  on  reduction  of 
silica  by  carbon,  22* 

 Karsten's  analyses  of  pig-irons,  12ZL 

  action  of  sulphur  on  iron  with  carbon, 

136. 

 influence  of  sulphur,  silicon,  and  copper 

on  iron  and  steel,  151,  L52* 
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TABLES. 

Tables: — Strength  of  bars  of  sterro-metal, 

158;  tungsten  steel,  ilLL 

 carbon,  iron,  and  tungsten,  192. 

 spathic  ore,  201. 

 British  iron-ores,  206-223. 

 buttons  from  assays  of  iron-ores,  242. 

 wet  and  dry  assaying,  25JL. 

 .d.-t  of  in>u-*melting  iu  Malabar,  267. 

 materials  used  in  making  iron  at  Ten- 

dukera,  2S9. 
  yield,  &c.,  in  Catalan  forges,  310 ;  at 

Tripalda,  344. 

 Swedish  lake  and  bog  ores,  324. 

  cost  of  blast- furnace  at  Ebbw  Vale, 

368. 

 make  of  pig-iron  at  Clyde  Iron-works, 

32fi* 

■  change  of  material  in  descent  in  blast- 
furnace, 458,  461. 

 slags,  497,  499,  503,  512,  515, 

 pig-iron,  536-552.  660.  662.  243. 

 charges,  &c.,  of  blast-furnaces,  555. 

 ■  dimensions,  &c.,  of  Prussian  blast-fur- 
naces, 571,  576-578. 

■  variations  of  blast  in  Franche-ComW 
process,  606. 

  comparison  of  Franche-ComUS,  Cham- 

penoise,  and  Bourguignonne  processes,  610. 

 composition  of  puddled  bars,  709. 

■  Swedish  iron,  736. 

 armour-plates,  741,  742. 

 prices  of  British  merchant-iron,  750. 

■  colours  of  steel  during  reheating,  848  ; 
expansion  of  steel  by  hardening,  849.  850. 

— —  composition  of  metallic  baths  for  cutlers, 
854. 

  strength  of  iron  and  steel,  861-871. 

See  also  Analyses. 

Taking  oft'  gases  with  open-mouthed  furnaces, 
468  ;  with  close-mouthed,  470  ;  on  work- 
ing the  furnace,  472. 

Tamaris,  mending  rolls  at,  744. 

Tangerhiitte  (Saxony),  blast-furnaces  at,  .v.'.'. 

Tannenbaumstahl  by  Carinthian  process,  789. 

Tantalum  alloyed  with  iron,  i 

Tap-cinder,  phosphoric  acid  in,  542. 

 ,  analyses,  668. 

 ,  burning  in  kilns,  071. 

,  smelting,  743. 

Tapping  of  blast-furnace,  492. 

Tardy  on  the  trompe  in  Catalan  forge,  29_L 

Tarry  vapour  in  blast-furnace,  44J. 

Taylor,  Dr.,  on  poison  of  blast-furnace  gas, 
528:  of  nitrogen,  529,  5_3_L 

 ,  P.,  waste  gas  applied  to  boiler-engine 

by,  46JL 

 ,  W.,  his  improved  air-furnace,  653. 

 ,  patent  for  stamping  puddled  balls,  688. 

Teague,  M„  on  utilizing  heat  from  blast- 
furnaces, 464. 

Temperature,  tenacity  aftVcted  by,  12 ;  car- 
bon in  iron  affected  by,  126. 

  of  blast,  in  Swedish  furnace,  373  j  of 

furnace  at  different  depths,  453 ;  of  gases 
from  furnace,  456. 


TITANIUM. 

Temperature,  regulation  in  puddling  steel, 

794.  7M* 

  of  iron  increased  by  cold  air,  816. 

  of  steel,  colours  showing,  848;  for 

hammering  steel,  858. 
Tempering  steel,  847. 

Tenacity  of  iron,  4 ;  increased  by  electric 

current,  5. 

  of  sterro-metal,  158. 

 ■  of  tungsten-steel,  194. 

 ■  of  puddled  steel  and  iron  bars,  794. 

 ■  of  steel,  effect  of  hardening  upon,  851  ; 

increased  by  hammering,  85JL 

—  of  iron  and  steel,  861. 
Teudukera,  iron  manufacture  at,  258,  208. 
Tensile  strength.    See  Tenacity. 

"  Terne-plates,"  229. 
Tersulphate,  neutral,  of  iron,  4JL 
Tertiaries,  argillaceous  iron-ore  in,  2i  '2. 
Testing  for  sulphur  in  pig-iron,  894. 
Thames  Iron  Co.'s  armour-plates,  740.  741 . 
Thdnard,  Baron,  104. 

 on  iron  and  nitrogen,  5fL 

  and  Gay-Lussac's  experiments,  196, 

197. 

Theory  of  the  hot-blast,  418. 

—  of  puddling,  fi5iL 

  of  action  of  manganese  upon  cast-steel, 

846. 

 of  hardening  and  tempering  steel,  856. 

Theresienthal  (Bohemia),  spiegeleisen  from, 

533. 

Thibaud  and  Tardy  on  the  trompe  in  Catalan 
forge,  2JLL 

Thirria  on  Chenot's  process,  343;  Franche- 

Comte'  process,  602. 
Thomas  Iron  Co.'s  furnaces,  U.S.,  3_8iL 

 -,  G.  C,  his  steel  process,  801. 

 ,  W.,  on  Pentwrch  refinery,  625. 

 -,  W.,  on  charcoal-plates,  725. 

Thuringia,  blast-furnaces  in,  568. 
Tilt-hammers,  693. 

Time,  influence  of,  on  crystalline  fracture,  !_£), 
4  Times,'  on  accident  nt  Gibbs's  rolling-mills, 
721. 

 ,  on  explorations  in  Cheviot  Hills,  877. 

Tin,  iron  rust  promoted  by,  28. 

  alloyed  with  iron,  160. 

 ,  East  Indian,  160. 

 ,  rails  hardened  with,  1 6 1 . 

 alloyed  with  steel,  162. 

-,  action  of,  on  cast-iron,  163. 
Tine  (modification  of  trompe),  28£L 
Tin-plates,  manufacture  of,  725. 
Tipton,  furnaces  at,  with  air  for  combustion 

heated  previously,  686. 
Titanic  acid  in  blast-furnace  slag,  5o7. 
 steel,  lfiL 

Titaniferous  pig-iron,  55J. ;  iron-ore  (Ilme- 

nite),  552. 
Titanium  alloyed  with  iron,  163. 
 in  iron-ores,  164 ;  in  assay  of  iron-ore*,, 

243. 

 -,  cyano-nitride  of,  from  blast-furnace, 

510. 
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TOOKEY. 

Tookey,  C,  on  carburization  of  iron  by  ce- 
mentation, 105. 

 ,  on  Bpiegeleisen,  119,  534. 

 ,  preparation  of  sulphate  of  iron,  215* 

 ,  on  pig-iron,  536. ;  Acadian,  540, 

 ,  on  Lowmoor  coal,  734. 

,  on  armour-plate,  7X>. 

 on  sulphur  in  iron,  736. 

 on  pig-irons  and  Bessemer  irons,  £  19, 

Tongs  for  assaying,  2o8. 

Tools  for  manipulating  molten  pig-iron,  046, 

Tooth's  mechanical  puddling,  072. 

"Tops  and  bottoms,"  Mr.  Daniell's  inven- 
tion, 589. 

Tourangin  on  Chenot's  process,  340. 

Tow  Law  (Durham),  spiegeleisen  from,  534. 

Trap-rock,  utilization  of,  51S. 

Treveray  (France),  furnace  cadmia  from,  51Q. 

Trial  respecting  hot-blast  patent,  396, 

Tribasic  phosphate  of  protoxide  of  iron,  £2 ; 
silicate,  100. 

Trompe  in  Catalan  forge,  285-291,  222, 

Trotter,  A.,  his  treatment  of  Mr.  Cort,  ti3_L 

Troughton  on  dilatation  by  heat,  5. 

Trout-iron,  116. 

Truran,  his  fallacious  reasoning  on  the  bot- 
blast,  4 19-42.5. 

 ,  his  death  from  blast-furnace  gas,  531. 

Tue-iron,  tuiron,  and  tuarn,  the  twyer  so 
called,  429. 

Tungsten  alloyed  with  iron,  IBS. 

  in  damasked  steel,  189. 

 ,  directions  for  preparing,  194. 

 steel,  tenacity  of,  194. 

Tunner  on  silicon  and  carbon  from  iron,  HI* 

 on  wolfram  steel,  193. 

 on  finery  processes: — Chenot's,  336; 

"  Lancashire,-  52S ;  "  South  WeUh,"  598  ; 
Walloon,  522 ;  Walloon,  in  the  Eifel,  Gill ; 
Siegen,  612;  Lombardy,  612,  614;  Bo- 
hemian, 615;  Salzburg,  615;  Styrian 
raw-steel,  Zfi3 ;  Carinthian,  786. 

  on  temperature  of  blast-furnace,  455, 

45JL 

.  on  Swedish  iron-ores,  553. 

  on  "fining  process"  recommended, 

580  ;  his  classification,  580. 

.  .  on  charcoal  in  Siegen  process,  012, 

 on  Condie  hammer  at  Stcyer,  700. 

 ,  drawings  of  gas-welding  furnace  copied 

by,  7JJL 

 on  steel-like  Danncmora  ores,  737. 

  on  steel  made  in  charcoal-finery,  7_22 ; 

puddled,  791*  792;   mixtures  in,  799- 

801. 

 and  Richter  on  blast-furnace  gases,  432, 

Twice-puddled  iron,  665. 

Twyer  in  Catalan  forge,  2S5. 

Twyers,  water,  42S. 

Tymp  of  blast-furnace,  flame  from,  492. 

Tyres  of  cast-steel  on  wrought-iron,  852. 

Tyrol,  gehlenite  found  in,  503. 

 finery  process,  612. 

•«  Tyroler  Schiniede,"  £12. 
Tyrolese  steel-making  process,  779- 
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U. 

tJCHATiUS's  process  for  making  steel,  8U2. 
Ulff,  C.  Ft.,  his  Uchatius  «teel,  SiiS^ 
Ullgieu,  Prof.,  on  Swedish  slag,  324 ;  from 

Edsken,  500. 
Ulrich  on  anhydrous  neutral  tersulphate  of 

iron,  >>'. 

Ultramarine,  alkaline  sulphide  in,  preparation 

of,  32. 
Ulverstone  haematite,  244. 

 ,  taking  ofl  gases  at,  469. 

Union  metal,  bell  of,  1G2. 
United  States,  magnetite  in,  19JL 

 ,  anthracite  furnace*  in,  380. 

Unwin,  his  adoption  of  Heath's  steel-casting 

process,  S41. 
Utilization  of  gas  from  blast-furnaces,  462; 

of  ammonia,  474. 
 of  slags,  516. 

—  of  waste  heat  of  puddling-fumace, 
689. 


V. 

Valerius  on  gobbing-up  of  furnace,  495. 
Vanadium  alloyed  with  iron,  195  ;  discovered 

by  Sefsti  iim,  195. 
Van  Braam  on  mending  of  Chinese  cast-iroa 

vessels,  748. 
Vanvey  (France),  blast-furnace  explosion  at, 

Vauquelin,  his  nitrate  of  sesqnioxide  of  iron, 

5JL 

 on  phosphorus  in  cast-iron,  6_5. 

 on  blast-furnace  silica,  508. 

Veckerhagen  (Hessen  Cassel),  blast-furnace 
gases  at,  430,  433  ;  taking  off  gases,  ±62. 
Velvet  scale,  23* 

Veuturi  on  the  trompe  in  Catalan  forge, 
291. 

Vertical  lines,  descent  of  furnace  material  in, 
483. 

 rotary  squeezers,  706. 

Vibration  the  cause  of  brittleness  in  metallic 

alloys,  1 1 ;  effect  on  crystalliue  structure, 

12. 

Vic-Dessos  (Pyrenees),  spathic  ore  in,  202. 
Vickers,  his  direct  production  of  cast-steel, 

776. 

 on  Lowmoor  puddled  steel,  793. 

Vienvillc,  slag  from,  503. 

Viss  (Indian  measure),  212. 

Vitriol,  green,  sulphate  of  protoxide  of  iron, 

43 ;  production  of,  44. 
Vivianite,  6JL 

Vizagapotam,  iron-smelting  in,  252. 
Volatilization  of  iron  at  high  temperatures,  8  ; 

of  silica,  509. 
Volcanoes,  artificial,  32, 
Vorwart&hiitto  (Prussia),  blast-furnace  at, 

5JiS. 
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VTJEKS. 

W. 

WiERK,  'F.  C,  on  Lancashire  finery  process 

in  Sweden,  597. 
Wages  of  workmen  in  F  ranch  e-Comte  finery, 

607  ;  of  puddlers,  656. 
Wagner  on  wolfram  steel  without  tungsten, 

168.  l&L 
Wales,  argillaceous  ore  in,  202. 

 ,  South,  wrought-iron  twyers  at,  420. 

,  cup  and  cone  applied  to  blast-furnaces, 

470. 

 ,  gobbing-up  of  anthracite  furnaces,  494. 

 ,  loss  of  iron  in  slag,  504. 

 ,  pnddling-furnace,  047. 

 ,  yield  of  iron  in,  Z22i 

Walloon  finery  process,  ai!9 ;  in  Sweden,  599  ; 

the  Eifel,  601  ;  at  Dannemora,  601. 
Wnnklyn  on  iron  and  hydrogen,  1A1L 
Warwickshire,  argillaceous  ore  in,  202. 
Wasseralfingcn  (Wurtemberg),  taking  off  gases 

at,  46JL 

 ,  slag  from  gas-welding  furnace,  724. 

Wassereisen,  65. 

Waste  gas  from  blast-furnaces,  utilization  of, 
4JI2  ;  applied  to  puddling,  673.   See  Gas. 
■        heat  of  puddling-furnace  utilized,  689. 
Water  used  for  tempering  steel,  852. 
 twyers,  428. 

 and  iron,  26. ;  magnetic  oxide  from,  29. 

Watson,  Bp.,  on  coating  with  zinc,  155. 
Watt,  J.,  steam-hammer  proposed  by,  695 ; 

his  patent,  701. 
Weald  of  Sussex,  Koman  iron-working  in,  876. 
Wealden,  argillaceous  iron-ore  in,  2ii2. 
Weardale  Company's  armour-plate,  741. 
Webster,  T.,  on  Heath's  steel-casting  patent, 

8^845,846, 
 ,  Mr.,  of  the  Penns,  on  use  of  manganese 

in  making  steel,  843. 
Wedding,  Dr.  1L,  on  Prussian  blast-furnaces, 

5J& 

Wednesbury  Oak  furnaces,  slag  from,  497, 
428, 

Weisbach  on  steam  and  lever  hammers,  70u. 
Welding  of  iron,  5. ;  free  from  carbon,  & 
■  ,  use  of  sand  as  flux,  fi. 

 crystalline  iron,  Z, 

 puddled  steel,  796. 

 blooms,  wood-ashes  not  used  in,  838. 

  steel,  858. 

■  furnace,  712. 

Welsh  iron,  prices  of,  752,  Z5J, 

 ,  South,  process  of  fining,  581,  598, 

599 ;  cost  of  charcoal,  591. 
Weston  on  protosulphide  of  iron,  3J ;  on  action 

of  sulphur  on  cast-iron,  135. 
Westphalia,  black-band  ironstone  in,  203. 

 ,  blast-furnace  silica  in,  508. 

 ,  iron-works,  569. 

 ,  puddled  steel  manufacture,  791,  792. 

Wet  way,  combination  of  sesquioxide  of  iron 

and  lime  by,  19, 
 -,  sulphide  of  iron  by,  29. 


WTIBNA. 

Wet  way,  iron  pyrites  by,  4J* 
— —  assay  compared  with  dry,  253. 
While,  C,  blooming  apparatus  by,  763. 
White  brass,  J_5JL 

 cast-iron,  112,  1 1G  ;  action  of  acids  on, 

143. 

 iron,  conversion  of,  into  grey,  117. 

 pig-iron  treated  in  puddling  furnace, 

058. 

Whitehaven,  red  haematite  at,  200. 
Whiteness  of  iron  due  to  sulphur,  133. 
Widtermann  on  pig-iron,  535. 
Wigand  on  M  fining  process "  recommended, 
580, 

 on  charcoal  in  Siegen  process,  612. 

Wildenstein  on  nitrate  of  sesquioxide  of  iron, 
52. 

Wilkinson  on  guns  from  Spanish  Armada, 
140  ;  from  "  Mary  Rose,"  147. 

Williams,  his  drawings  of  Morfa  melting- 
finery,  581. 

Wilson,  Prof.,  on  Hen  ton's  and  Harvey's  pro- 
cesses, 334,  335. 

 ,  R.,  his  patent  for  steam-hammer,  702. 

Wohler,  his  artificial  crystals  of  iron,  3, 

 on  water  and  iron,  ;>8_. 

 ,  cubic  bisulphide  of  iron  obtained  by,  4J . 

 on  action  of  iron  on  phosphate  of  lime, 

carbon,  and  silica,  LL 

 on  silicon,  80-89 ;  and  nitrogen,  g9; 

and  manganese,  90. 

—  on  metallic  titanium,  L63. ;  cyano-nitride 
of,5JL 

Wolf*  alloys  of  nickel  with  iron  and  steel, 
122. 

Wolfram,  or  tungsten,  steel,  193.  See  Tung- 
sten. 

Wolfsofen,  iron-smelting  in  the,  320. 
Wollaston  on  titanium,  164 ;  cyano-nitride 
of,  511. 

Wood,  J.,  his  fluxes  for  making  malleable 
iron,  653. 

 ,  his  granulation  of  pig-iron,  803. 

 ,  J.  and  C,  their  granulation  of  pig-iron, 

Wood  as  fuel  for  puddling,  680 ;  dried  wood, 

 ashes,  flux  for,  49JL 

 in  welding  blooms,  838. 

Woods  used  for  Indian  furnaces,  257. 

Woolwich,  Royal  Arsenal,  experiments  at, 
861.    See  Abel. 

Wootz,  nitrogen  in,  5£ ;  aluminium,  183. 

  liv  Hindoo  process,  774. 

 ,  analyses  of,  775. 

 ,  temperature  for  working,  858. 

 ,  Indiau,  Damascus  sword-blades  made 

from,  860. 

Worcestershire,  argillaceous  ore  in,  202. 

Working  of  furnaces  shown  by  slag,  496. 

 of  ball,  582-618,  693. 

Workington,  Clay's  process  tried  at,  331. 

 ,  disintegrating  slag  from,  506. 

Wrbna  furnace  (Eisenerz,  Styria),  blast-fur- 
nace gases  at,  432,  437 ;  temperature,  456. 
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Wrightson,  F.  C,  on  phosphorus  in  pig-iron, 
514. 

Wrought-iron,  its  impurity,  L. 

— — ,  its  approximation  to  pure  iron,  L 

 ,  carbon  in,  102. 

 ,  qualities  of,  llllL 

 ,  production  of,  from  cast-iron,  579. 

See  Malleable  iron. 

 ,  treated  by  Parry's  process,  824. 

 ,  casting  steel  on,  859. 

 ,  mechanical  resistance  of,  861. 

,  estimation  of  phosphorus  in,  893. 

 bars,  tensile  strength  of,  868. 

 ,  plates,  strength  of,  868,  809. 

  water  twyers,  i^iL 


Y. 

Yates,  his  process  for  iron-smelting,  345. 

 ,  on  balls  in  mechanical  puddling,  672. 

Yield  of  furnaces,  552. 

-      and  consumption  of  charcoal  in  Swedish 
linery,  596,  6(>7;  in  Franche-Comte,  606. 


ZONES. 

Yield  of  puddled  and  finished  iron,  721. 
Yniscedwin  pig-iron,  puddled  steel  from,  132. 
Yorkshire,  argillaceous  ore  in,  2il2* 

■  iron,  prices  of,  752.  736. 

 ,  South,  iron  from,  732. 

Ystalyfera,  box-foot  pipe  oven  at,  404. 

,  utilization  of  waste  gas,  466.  467. 
 ,  gobbing-up  of  anthracite  furnace,  495. 

Z. 

ZiSC,  effect  of  heat  on  crystalline  structure 
of,  a. 

 ,  iron  rust  retarded  by,  2iL 

  and  antimony  alloys,  same  crystalline 

foiTn  of,  61. 
  alloyed  with  iron,  153.;  in  pig-iron, 

Zincing  iron  to  prevent  rust,  1 55. 

Zinken  and  Bromeis  on  cyanide  of  potassium 

in  furnace,  448. 
Zoues  of  specific  action  in  blast-furnaces, 

42k 
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